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Abstract
Background: Congenital anomaly is a partial or complete structural and/or functional defect during
intrauterine life. Globally, major congenital anomalies account for 6% of all newborns among which
about 94% of cases occurred in developing countries. In spite of its public health importance, very limited
studies are reported in Ethiopia, and hardly any study in Arsi Zone.

Objectives: To determine the predictors of congenital anomalies among newborns in Arsi Zone Public
Hospitals, Southeast Ethiopia.

Methods: A multi-center institutional-based case-control study was conducted in 418 (105 cases and 313
controls) of newborns in Arsi Zone Public Hospitals. Descriptive analysis, binary and multivariable
logistic regressions were implemented.

Results: In this study, women who have been drinking alcohol during pregnancy were 3.48 times more
prone to have newborns with congenital anomalies than their counterparts (AOR=3.48; 95% CI: 1.38,
8.74). The likelihood of having a newborn with congenital anomalies was six and four times higher for
women who had a maternal illness (AOR=6.10; 95%CI: 2.39, 15.57) and chewing khat during pregnancy
(AOR=4; 95%CI: 1.49, 10.65), respectively. Moreover, the lack of folic acid supplementation and pesticides
during pregnancy were 3.25 and 4.76 times more likely to experience a newborn with congenital
anomalies, respectively.

Conclusion: Alcohol drinking, maternal illness, khat chewing, and chemical exposure during pregnancy
had a signi�cant association with the occurrence of congenital anomalies. While, taking folic acid
supplements had a protective effect. Health experts and the community should take these factors into
consideration and act accordingly.

Background
Congenital anomalies (CA) are partial or complete structural and/or functional developmental disorders
during intrauterine life and may be appreciated at birth or later in life (1). It can also be described as
congenital malformation or birth defects. The risk of congenital anomalies is high during the embryonic
period (3rd to 8th week of gestational age) which is the critical period for the development of the fetus.
Thus, a factor that interferes with the process of the organogenesis during this sensitive period,
presumably, increases the risk for CA. Due to various factors including, environmental factors, chemical
agents, radiation, drugs, maternal lifestyle, infections, nutrition, or combinations of these factors,
congenital anomalies can happen at the level of each organ or organ system.

Worldwide, major congenital anomalies account for 6% of all newborns among which about 94% of these
defects occur in developing countries. CA contributes to 20%-30% of infant mortality (2) and 20% of
stillbirth (3). According to 2015 World health statistics, globally about 303,000 newborns die due to
congenital anomalies before they reach one month each year (4). In Europe, the average infant mortality
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due to congenital anomaly was 1.1 per 1000 births (5). Moreover, in addition to stillbirth and neonatal
death, congenital anomalies are the main causes for survivors’ lifelong mental and physical disabilities
that may have signi�cant impacts not only on the community but also on individuals and family in
particular (4, 6).

According to WHO reports, removal of risk factors and reinforcement of certain protective strategies
reduces the occurrence of congenital anomalies. These include avoiding teratogen substances and other
environmental factors, controlling and treating maternal illnesses, screening for infections and treatment,
supplying mothers with adequate healthy diets and vitamin and folic acid supplementations, and
vaccination for children and mothers (4). In developed countries, safeguarding the exposure of women to
teratogen prior to conception and/ or during the early stage of pregnancy was found to be a key strategy
to control the occurrence of about 70% of congenital anomalies (6).

In Africa, the prevalence of congenital anomalies ranges from 5.2 to 74.5 per 10,000 births (7).
Amazingly, about 94% of severe congenital anomalies occur in low-and middle-income countries (4), of
which about 190,000 babies delivered each year with neural tube defects (8). A study done in Cote d’Iviore
revealed that CA accounts for 52% of the mortality rate. Of these, gastroschisis is the leading lethal
disease with 100% mortality (9). In Ethiopia, the overall prevalence of congenital anomalies was about
less than approximately 2% (10–12) of which 40.3% is attributable to neural tube defect (10) which was
lower than other African studies (13, 14).

Generally, in Ethiopia there were insu�cient studies conducted on congenital anomalies and associated
risk factors, studies indicated regional variation on the occurrence of congenital anomalies (10, 15, 16).
Therefore, since Ethiopia is the home to many communities with variable characteristics, it is important to
conduct research in different regions among different communities. As far as our search is concerned,
even though there are some studies conducted in different parts of the country, there is no prior study on
CAs conducted in Arsi Zone, Southeast Ethiopia. Hence, the present study aims to assess the predictors
of congenital anomalies in the setting.

Methods And Materials

Study area and period
The multi-center institutional-based case-control study design was conducted among newborns in Arsi
zone public hospitals from December 2020 to May 2020. The study was conducted in Arsi Zone Public
Hospitals. Arsi Zone is located in Oromia Regional State Southeastern part of Ethiopia. The capital city of
Arsi zone is Asella, which is 174 km away from Addis Ababa, the capital city of Ethiopia. The hospitals
are Asella Referral Hospital, Bekoji, Abomsa, Robe, Gobessa, Kersa, Sude, and Bale District Hospitals.

Source and study population
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The source population is all newborns delivered in Arsi Zone Public Hospitals. The study population is all
newborns delivered in Arsi Zone Public Hospitals and ful�ll the inclusion criteria during the study period.

Sample size determination and sampling procedures
The sample size was calculated by using Fleiss with continuity correction factor formula with a case-
control ratio of 1:3; power of 80%, a signi�cance level of 5%, the proportion of controls exposed (alcohol
drinking) 55% (16), assuming the minimum odds ratio to be detected was 2. Using this value the expected
percent of exposure among cases was 70%. The computed sample size was 418 (105 cases, and 313
controls).

All public hospitals found in the Arsi zone were included and an equal proportion allocation of samples
was performed to include participants from each hospital. All mothers who delivered infants with
congenital anomalies were invited to participate in the study. Mothers who delivered infants with no
congenital anomalies were also included in the study using a systematic random sampling procedure. In
the present study, all newborns with visible congenital anomalies and the next three newborns (delivered
after cases) without congenital anomalies were included.

Study variables
In our study, congenital anomalies are considered as the dependent variable. On the other hands, Socio-
demographic characteristics (age, educational status, marital status, religion, ethnicity, income,
occupation, husband’s education, and occupation), obstetric history (folic acid during and prior to
pregnancy, history of antenatal care (ANC), contraceptive use, parity, gravidity, gestational age, family
history of congenital anomalies, previous history of a child with congenital anomalies), medical
condition-related factors (unidenti�ed medication use, medical illness), drug and radiation (smoking and
alcoholic history, khat chewing, use of herbal medicines, radiation, exposure to chemicals like pesticides),
and others like sex of the newborn, consanguinity are considered as independent variables.

Operational de�nition
Cases:- are mothers who gave birth to babies with externally visible defects to any system of the body
identi�ed by clinical examinations by experienced medical doctors at the time of delivery.

Controls:- are mothers who gave birth babies without externally visible defects to any system of the body
after clinical examination by experienced medical doctors at the time of delivery.

Consanguineous marriage:- couples related by blood at least to the second cousin

Radiation:- Exposure to x-ray

Data collection procedure
Data were collected using a pre-tested structured interviewer-administered questionnaire, which includes
questions of socio-demographic, obstetric, medical, alcohol intake and smoking history, use of herbal
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medicine, exposure to chemicals, radiation, and folic acid supplementation. The questionnaire was
prepared in English then translated into Amharic and Afan Oromo and then back to English by a third
party who is native in Amharic and Afan Oromo respectively and good in English to ensure consistency of
translation. Newborns were carefully examined and assessed for congenital anomalies by experienced
medical doctors. Following a proper medical examination, the data were gathered from mothers
regarding the information explained above using a structured questionnaire.

Six data collectors and six supervisors who are �uent in Amharic and Afan Oromo were involved in data
collection. Accordingly, the supervisors were supervised respective data collectors during the data
collection time and receive the collected and crosschecked questionnaires from them. Finally, the
supervisors reported and discussed and crosschecked data with the investigator on a daily basis
throughout the data collection period.

Data quality assurance
To maintain data quality, data collectors who are �uent in Amharic and Afan Oromo were selected based
on their educational level and experience in data collection. Detail orientation and training about data
collection and the purpose of the study were given to supervisors and data collectors by the principal
investigator. Based on previous related peer-reviewed published studies, the questionnaire were developed
by the investigators. A pretest study was conducted at Halila health centers on �fty individuals to see for
validity and reliability of tools. The collected data were reviewed and checked for mistakes, completeness
and consistency by the investigators and supervisors on a daily basis during data collection.

Data management and analysis
The collected data were coded, checked, and entered using Epi-Info version 7.0 and exported to IBM SPSS
Version 21 for cleaning, checking for missing values, and analysis of data. Descriptive statistics and
frequency tables were used to describe study populations.

Binary and multivariable logistic regression analyses were employed to assess the degree of association
between dependent and independent variables. Those variables associated in binary logistic regression
with a signi�cance value of p-value ≤ 0.2 were entered into a multivariable logistic regression to identify
predictors of CAs. A p-value ≤ 0.05 with 95% CI was considered statistically signi�cant to identify
signi�cant factors associated with congenital anomalies. Hosmer-Lemeshow goodness-of-�t test was
used to assess the �tness of the model.

Results
Socio-demographic characteristics of the study participants

A total of 418 (105 cases and 313 controls) mothers were successfully interviewed at the labor ward after
delivery of a child with a response rate of 100%. About 84.7% of controls and more than half of cases
(66.7%) were in the age group of 20–34. Nearly above half of the women among cases (54.3%) and most
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of the women among controls (77.6%) were married as presented in Table 1. The majority of women
(54.3% of cases and 46% of controls) were Muslims in religion. Around 44.8% of cases and 42.2% of
controls were illiterate. Almost half of the women (50.5% of cases and 52.7% of controls were urban
dwellers. Concerning the ethnicity of mothers, the majority of cases (67.6%) and controls (59.1%) were
Oromo.
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Table 1
The socio-demographic characteristics of the study participants in Arsi Zone Public

Hospitals, Southeast Ethiopia, 2020
Characteristics Categories Case N (%) Control N (%)

Age of mother < 20 8(7.6) 13(4.2)

20–34 70(66.7) 265(84.7)

> 34 27(25.7) 35(11.2)

Marital status of mothers Married 57(54.3) 243(77.6)

Divorced 17(16.2) 27(8.6)

Widowed 8(7.6) 11(3.5)

Single 17(16.2) 21(6.7)

Separated 6(5.7) 11(3.5)

Religion of mothers Muslim 57(54.3) 144(46)

Orthodox 28(26.7) 126(41.2)

Protestant 28(8.9) 16(15.2)

Catholic 12(3.8) 4(3.9)

Educational level of mothers No formal education 47(44.8) 132(42.2)

Primary education 24(22.9) 68(21.7)

Secondary education 19(18.1) 56(17.9)

Higher education 15(14.3) 57(18.2)

Occupation of mothers Housewife 52(49.5) 139(44.4)

Government employee 4(3.8) 31(9.7)

Private business 22(21) 89(28.4)

NGO employee 13(12.4) 21(6.7)

Student 14(13.3) 33(10.5)

Educational level of fathers No formal education 44(42.3) 125(39.9)

Primary education 28(26.9) 58(18.5)

Secondary education 21(20.2) 57(18.2)

Higher education 11(10.6) 73(23.3)

Residence Urban 53(50.5) 165(52.7)



Page 8/19

Characteristics Categories Case N (%) Control N (%)

Rural 52(49.5) 148(47.3)

Ethnicity Oromo 71(67.6) 185(59.1)

Amhara 26(24.8) 93(29.7)

Tigre 6(5.7) 15(4.8)

Gurage 2(1.9) 18(5.8)

Others 0(0) 2(0.6)

 

Reproductive and obstetric characteristics

As it is presented in Table 2, the majority of women (81% of cases and 75.1% of controls) were
multigravida. Almost half of the controls (52.1%) and 41.9% of cases were born at second order. Fifty-six
percent of cases and 74% of controls were born at 37 weeks and above and a small proportion of both
cases (2.9%) and controls (2.9) were born prior to 28 weeks. Nearly equal proportion of cases (5.7%) and
controls (5.4) had a previous abortion history. Regarding family history and previous history of children
with congenital anomalies, less than 20% of both cases and controls reported a family history and
previous history of a child with congenital anomalies. This study revealed that the number of females
with congenital anomalies (60%) were higher than those without congenital anomalies (38.7%). About
41% of mothers of children with congenital anomalies and 55% of mothers of children without congenital
anomalies were taken folic acid supplementation in the early period of pregnancy. Similarly,
contraception use around conception was 59% in mothers who had children with congenital anomalies
and 44.7% of mothers who had children without congenital anomalies.
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Table 2
Reproductive and obstetric characteristics of study participants in Arsi Zone Public Hospitals, Southeast

Ethiopia, 2020
Characteristics Categories Case N

(%)
Control N
(%)

Total N
(%)

Gravidity Primigravida 20(19) 78(24.9) 98(23.4)

Multigravida 85(81) 235(75.1) 320(76.6)

Birth order First 20(19) 78(24.9) 98(23.4)

Second 44(41.9) 163(52.1) 207(49.5)

Third 27(25.7) 41(13.1) 68(16.3)

Above third 14(13.3) 31(9.9) 45(10.8)

Gestational age at birth < 28 weeks 3(2.9) 9(2.9) 12(2.9)

28–37 43(41) 72(23) 115(27.5)

> 37 weeks 59(56.2) 232(74.1) 291(69.6)

Stillbirth Yes 12(11.4) 16(5.1) 28(6.7)

No 93(88.6) 297(94.9) 390(93.3)

Abortion Yes 6(5.7) 17(5.4) 23(5.5)

No 99(94.3) 296(94.6) 395(94.5)

Family history of congenital anomalies Yes 17(16.2) 55(17.6) 72(17.2)

No 88(83.8) 258(82.4) 346(82.8)

Previous history of child with congenital
anomalies

Yes 17(16.2) 48(15.3) 65(15.6)

No 88(83.8) 265(84.7) 353(84.4)

Sex of newborn Male 42(40) 192(61.3) 234(56)

Female 63(60) 121(38.7) 184(44)

ANC follow-up Yes 49(46.7) 146(46.6) 195(46.7)

No 56(53.3) 167(53.4) 223(53.3)

Folic acid supplementation Yes 43(41) 172(55) 215(51.4)

No 62(59) 141(45) 203(46.8)

Contraceptive use Yes 62(59) 140(44.7) 202(48.3)

No 43(41) 173(55.3) 216(51.7)
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The type of congenital malformation

Among 105 newborns presented with congenital anomalies, neural tube defects (70.5%) were the most
manifested anomalies, succeeded by an orofacial cleft (10.5%) and musculoskeletal anomalies (8.6%).
Out of the diagnosed anomalies, genitourinary and gastrointestinal anomalies were 4.8% (Fig. 1).

Risk factors associated with congenital anomalies

In the present study, consanguineous marriage was reported in 58.1% of case mothers and 20% of control
mothers (Table 3). About 64% of case mothers and 18% of control mothers have been drinking alcohol
during their pregnancy period. Out of the study participants, maternal medical illness during pregnancy in
mothers of newborns with and without congenital anomalies was 39% and 20.4%, respectively. About
67% of case mothers and 21% of control mothers were exposed to chemicals like pesticides at the time of
pregnancy. Chewing khat and using other herbal medicines were 65.7% and 46.7% of mothers who had
infants with congenital anomalies and 19.5% and 19.2% in mothers who had infants without congenital
anomalies, respectively.
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Table 3
The analysis of risk factors associated with congenital anomalies in Arsi Zone Public

Hospitals, Southeast Ethiopia, 2020
Characteristics Congenital anomaly COR (95% CI) AOR (95% CI)

  Case Control    

N (%) N (%)

Consanguinity        

Yes 61(58.1) 62(19.9) 5.59(3.47, 9.01) 1.74 (0.78,3.86)

No 44(41.9) 256(80.1) 1 1

Drink alcohol        

Yes 67(63.8) 57(18.2) 7.92(4.89,12.94) 3.48(1.38,8.74)*

No 38(36.2) 256(81.1) 1 1

Smoking        

Yes 58(55.2) 52(16.6) 0.16(0.1,0.26) 1.47(0.58,3.76)

No 47(44.8) 261(83.4) 1 1

Maternal illness        

Yes 41(39) 64(20.4) 2.5(1.54, 4.02) 6.10(2.39,15.57)*

No 64(61) 249(79.6) 1 1

Unidenti�ed drug use        

Yes 50(47.6) 60(19.2) 3.8(2.38,6.17) 0.43(0.16,1.2)

No 55(52.4) 253(80.8) 1 1

Chewing khat        

Yes 69(65.7) 61(19.5) 7.92(4.85,12.93) 4(1.49,10.65)*

No 36(34.3) 252(80.5) 1 1

Chemical exposure        

Yes 70(66.7) 67(21.4) 7.34(4.51,11.96) 4.76(1.57,14.47)*

No 35(33.3) 246(78.6) 1 1

Herbal exposure        

Yes 49(46.7) 60(19.2) 3.7(2.3,5.94) 0.91(0.4,2.07)

Key: * statistically signi�cant at P-value ≤ 0.05 in multivariable logistic regression analysis
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Characteristics Congenital anomaly COR (95% CI) AOR (95% CI)

No 56(53.3) 253(80.8) 1 1

Lack of folic acid use        

Yes 43(41) 172(55) 1.8(1.12,2.8) 3.25(1.6,6.61)*

No 62(59) 141(45) 1 1

Contraceptive use        

Yes 62(59) 140(44.7) 1.8(1.14,2.8) 1.16(0.51,2.65)

No 43(41) 173(55.3) 1 1

Key: * statistically signi�cant at P-value ≤ 0.05 in multivariable logistic regression analysis

 

The binary logistic regression analyses (using crude odds ratio) displayed that consanguinity, alcohol
drinking during pregnancy, smoking during pregnancy, maternal illness, history of drug use during the
current pregnancy, khat chewing during pregnancy, exposure to chemicals during pregnancy, exposure to
herbal during pregnancy, lack of folic acid supplementation during early pregnancy, and use of
contraception around pregnancy were signi�cantly associated with the occurrence of congenital
anomalies. However, maternal age, educational level of the mother, parental occupation, residence,
gravidity, birth order, family history of CAs, previous history of a child with CAs, ANC follow-up, stillbirth,
and abortion were not statistically signi�cant (Table 3).

Those statistically signi�cant variables in the binary logistic regression analyses were entered into a
multivariable logistic regression to identify the predictor variables associated with congenital anomalies.
As a result, women who have been drinking alcohol during the current pregnancy were 3.48 times more
prone to give birth to newborns with congenital anomalies than their counterparts (AOR = 3.48; 95% CI:
1.38, 8.74). Likewise, the likelihood of having newborns with congenital anomalies was six and four
times higher for women who had a maternal illness during pregnancy (AOR = 6.10; 95% CI: 2.39, 15.57)
and chewing khat during pregnancy (AOR = 4; 95% CI: 1.49, 10.65), respectively. Women who have been
exposed to chemicals like pesticides during pregnancy were 4.76 times more likely to have newborns with
congenital anomalies as compared to those who did not expose (AOR = 4.76; 95% CI: 1.57, 14.47).
Besides, women who had not taken folic acid supplementation during early pregnancy were three times
more likely (AOR = 3.25; 95% CI: 1.6, 6.61) to have newborns with congenital anomalies as compared to
those who had taken folic acid supplementation (Table 3).

Discussion
The main �ndings of this study are a notably statistically signi�cant association of alcohol drinking,
maternal chronic illness, khat chewing, and chemical exposure during pregnancy to the congenital
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anomalies. Besides, folic acid supplementation during the early period of pregnancy had a protective
effect on the induction of congenital anomalies.

Our study showed that alcohol drinking of any amount during pregnancy increases the risk of occurrence
of congenital anomalies by about three times as compared to its counterparts. This is in line with the
previous studies conducted in Ethiopia (12, 15) and California (17). On the other hand, a very recent case-
control study conducted in Bale Zone, Southeast, Ethiopia indicated that drinking alcohol had hardly any
signi�cant association with the occurrence of congenital anomalies (18). This might be due to the
differences in drinking alcohol cultures. As alcohol is capable of transmitting through placental
membranes, it causes direct effects to the organogenesis of the developing embryo and fetuses and
leading to structural abnormalities (19–22).

Infants born from mothers who had a maternal illness during pregnancy were six times more likely to
develop congenital anomalies compared to infants born to mothers who were free from maternal
illnesses. Our �nding is strongly supported by the study that dealt with the prevalence and associated
factors of birth defects in Northwest Ethiopia (12). Similarly, maternal illnesses, like febrile illness and
chronic diseases like diabetes mellitus were reported as they were associated with the occurrence of
congenital anomalies (23, 24). Unlike current observation, however, other study done in Ethiopia revealed
that maternal illness had a hardly signi�cant association with the existence of an infant with congenital
anomalies (15). This difference might be due to a lack of knowledge on the de�nite time of the embryonic
period at which maternal illness happened.

In this study, the mother who has been exposed to chemicals during the current pregnancy was 4.8 times
more prone to have infants with congenital anomalies compared to their corresponding counterparts. Our
�nding is strongly supported by previous studies carried out by different researchers elsewhere (15, 18,
25–27).

A study conducted among Yemeni pregnant women and a case-control study among Southeast Ethiopian
pregnant women revealed that khat chewing during the early period of pregnancy was 2.02 and 3 times
more likely to deliver an infant with congenital anomalies compared to those who did not chew khat,
respectively (50,51). Similarly, in the present study, khat chewing during pregnancy augmented the
development of congenital malformation by four folds as compared to those non-khat chewing mothers.

In our study area, khat chewing is the commonest and most popular social practice in which most of the
individuals, including pregnant women, were engaged. In addition, khat chewing had high cultural,
traditional, and social values. Therefore, we emphasize that this highly popular, but harmful social
activity was one of the biggest confrontations to the public health experts in Ethiopia. However, it is the
one that public health experts and communities as general must deal with.

In the present study, the lack of folic acid supplementation had a signi�cant association with the
occurrence of congenital anomalies. Women who did not take folic acid supplementation during
pregnancy had about 3.25 times more chances to have infants with congenital anomalies compared to
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their counterparts. Our �nding is in line with studies done elsewhere reported that folic acid
supplementation had a protective effect against congenital anomalies (10, 12, 15, 18, 28). In spite of the
valuable protective role of folic acid, in Ethiopia, the use and coverage for folic acid supplementation is
very limited (29). However, the Ethiopian Federal Ministry of Health establishes a policy that makes
pregnant women have folic acid supplementation. The gap between well-established policy and lack of
folic acid supplementation might be due to poor awareness of pregnant women and health professionals
towards the use of folic acid supplementation.

The most prevalent congenital anomalies were neural tube defects followed by orofacial cleft and
musculoskeletal anomalies. This �nding is consistent with the previous studies conducted in Ethiopia
(10, 12, 15, 30, 31).

Limitation of the study

Even though it has its own strength, this study has various limitations that must be admitted. Although
diversi�ed study participants are included in the present study. Hospital-based unmatched case-control
study makes the result of this study less generalizable to the community. Even if it is a factor study/not
the prevalence estimate, the study did not include the terminated pregnancy/cases of CAs. Moreover,
since the study is only considering congenital anomalies at birth, those anomalies which are not detected
at birth but later in life were not considered. Furthermore, the study has relied on externally visible
congenital anomalies which are identi�ed by clinical examination. Hence, congenital anomalies that need
sophisticated procedures to be identi�ed were likely to be missed.

Conclusions
The present study observed that alcohol drinking, chemical exposure, khat chewing, maternal illness was
associated with the occurrence of congenital anomalies. Folic acid use during the periconceptional period
was identi�ed as it had a protective effect against the occurrence of congenital anomalies. However, in
the study area, most of the women had a lack of awareness on the use of folic acid supplementation in
the early period of pregnancy. Hence, the majority of women did not use folic acid supplementation early
to pregnancy and around conception.

Recommendations

We emphasize that health education regarding congenital anomalies and the use of folic acid
supplementation during the early period of pregnancy is required. And, due attention must be given by
public health experts and communities as well regarding factors risk for congenital anomalies and its
preventive strategies. Further, in order to clearly identify the incidence and its determinant factors,
prospective cohort study starting from preconception to birth in the study area and other parts of the
country should be conducted.

Abbreviations
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ANC - Antenatal care

AOR - Adjusted odds ratio

CA - Congenital anomaly

COR - Crude odds ratio

SPSS- Statistical Package for the Social Sciences

Declarations
Acknowledgment

We would like to pass our deepest gratitude to the study participants and their mother for their valuable
contribution. Our appreciation also goes to all the members of Arsi Zone Public Hospitals, Southeast
Ethiopia as well as the Department of Human Anatomy for their contribution in the completion of this
research work. SJ gratefully acknowledges Arsi University and University of Gondar for their �nancial
support during his MSc study and thesis research work, accordingly.

Authors’ contributions

SJ planned the study, AM, EF and MO coordinated the study, SJ collected and analyze data, SJ, , EF, MO
and AM analyzed the literature, AM was a major contributor in writing the manuscript study. All authors
read and approved the �nal manuscript.

Funding

No.

Availability of data and materials

N/A

Ethics approval and consent to participate

Ethical clearance was obtained from the School of Medicine, College of Medicine and Health Sciences,
University of Gondar Research and Publication O�ce, Ethical Review Committee (Ref. No. 125-3/02/2020
and Dated 17/2/2020). Copy of ethical clearance obtained from the University of Gondar submitted to
the Arsi Zone Health O�ce. A copy of ethical clearance and the support letter from the Arsi Zone Health
O�ce was submitted to the respective hospital administrators in the zone. The aim of the study was
explained to each study participant and written consent was obtained to con�rm their willingness. Each
study subject was informed that their con�dentiality will be assured during data collection, analysis, and
dissemination and is meant only for the purpose of the study.



Page 16/19

Consent for publication

Not applicable.

Competing interests

There is no con�ict of interest

References
1. Sadler TW. Langmans Medical Embryology, 12th Edition. 2011.

2. Ahmed AM, El Kader SA, El Hamid A, Gaafar M. Assessment of risk factors for fetal congenital
anomalies among pregnant women at Cairo University Hospitals. J Am Sci. 2011;7(12):899-907.

3. Serra-Juhe C, Rodriguez-Santiago B, Cusco I, Vendrell T, Camats N, Torán N, et al. Contribution of rare
copy number variants to isolated human malformations. PloS one. 2012;7(10).

4. Organization WH. World health statistics 2015: World Health Organization; 2015.

5. Boyle B, Addor MC, Arriola L, Barisic I, Bianchi F, Csaky-Szunyogh M, et al. Estimating Global Burden
of Disease due to congenital anomaly: an analysis of European data. Archives of disease in
childhood Fetal and neonatal edition. 2018;103(1):F22-f8.

�. Christianson A, Howson C, Modell B. White Plains. New York, USA: March of Dimes Birth Defects
Foundation; 2006.[Lastaccessed on 2012 Feb 24]. March of dimes global report on birth defects: The
hidden toll of dying and disabled children.

7. Zaganjor I, Sekkarie A, T sang BL, W illiams J, Razzaghi H, Mulinare J, Sniezek JE, et al. Describing
the global burden of neural tube defects: A systematic literature review; Poster presentation at the
2015 T eratology Society Annual Meeting; Montreal, Canada. 2015.

�. Lo A, Polšek D, Sidhu S. Estimating the burden of neural tube defects in low- and middle-income
countries. Journal of global health. 2014;4(1):010402.

9. Kouame BD, N'Guetta-Brou IA, Kouame GS, Sounkere M, Ko� M, Yaokreh JB, et al. Epidemiology of
congenital abnormalities in West Africa: Results of a descriptive study in teaching hospitals in
Abidjan: Cote d'Ivoire. African journal of paediatric surgery : AJPS. 2015;12(1):51-5.

10. Taye M, Afework M, Fantaye W, Diro E, Worku A. Congenital anomalies prevalence in Addis Ababa
and the Amhara region, Ethiopia: a descriptive cross-sectional study. BMC pediatrics. 2019;19(1):234.

11. Mekonen HK, Nigatu B, Lamers WH. Birth weight by gestational age and congenital malformations in
Northern Ethiopia. BMC pregnancy and childbirth. 2015;15:76.

12. Seyoum G, Adane F. Prevalence and associated factors of birth defects among newborns at referral
hospitals in Northwest Ethiopia. Ethiopian Journal of Health Development. 2018;32(3).

13. Ajao AE, Adeoye IA. Prevalence, risk factors and outcome of congenital anomalies among neonatal
admissions in OGBOMOSO, Nigeria. BMC pediatrics. 2019;19(1):88.



Page 17/19

14. Obu HA, Chinawa JM, Uleanya ND, Adimora GN, Obi IE. Congenital malformations among newborns
admitted in the neonatal unit of a tertiary hospital in Enugu, South-East Nigeria--a retrospective study.
BMC research notes. 2012;5:177.

15. Taye M, Afework M, Fantaye W, Diro E, Worku A. Factors associated with congenital anomalies in
Addis Ababa and the Amhara Region, Ethiopia: a case-control study. BMC pediatrics. 2018;18(1).

1�. Tsehay B, Shitie D, Lake A, Abebaw E, Taye A, Essa E. Determinants and seasonality of major
structural birth defects among newborns delivered at primary and referral hospital of East and West
Gojjam zones, Northwest Ethiopia 2017-2018: case-control study. BMC research notes.
2019;12(1):495.

17. Grewal J, Carmichael SL, Ma C, Lammer EJ, Shaw GM. Maternal periconceptional smoking and
alcohol consumption and risk for select congenital anomalies. Birth defects research Part A, Clinical
and molecular teratology. 2008;82(7):519-26.

1�. Mekonnen AG, Hordofa AG, Kitila TT, Sav A. Modi�able risk factors of congenital malformations in
bale zone hospitals, Southeast Ethiopia: an unmatched case-control study. BMC pregnancy and
childbirth. 2020;20(1):129.

19. Guerri C. Neuroanatomical and neurophysiological mechanisms involved in central nervous system
dysfunctions induced by prenatal alcohol exposure. Alcohol Clin Exp Res. 1998;22(2):304-12.

20. Hanson JW, Streissguth AP, Smith DW. The effects of moderate alcohol consumption during
pregnancy on fetal growth and morphogenesis. The Journal of pediatrics. 1978;92(3):457-60.

21. Assadi F. Effects of Prenatal Alcohol Exposure on the Developing Kidneys. Iranian Journal of
Pediatrics. 2008;18.

22. Spagnolo A. Teratogenesis of alcohol. Annali dell'Istituto superiore di sanita. 1993;29(1):89-96.

23. Ekwochi U, Asinobi IN, Osuorah DCI, Ndu IK, Ifediora C, Amadi OF, et al. Pattern of Congenital
Anomalies in Newborn: A 4-Year Surveillance of Newborns Delivered in a Tertiary Healthcare Facility
in the South-East Nigeria. Journal of tropical pediatrics. 2018;64(4):304-11.

24. Liu S, Rouleau J, León JA, Sauve R, Joseph KS, Ray JG. Impact of pre-pregnancy diabetes mellitus
on congenital anomalies, Canada, 2002-2012. Health promotion and chronic disease prevention in
Canada : research, policy and practice. 2015;35(5):79-84.

25. Spinder N, Prins JR, Bergman JEH, Smidt N, Kromhout H, Boezen HM, et al. Congenital anomalies in
the offspring of occupationally exposed mothers: a systematic review and meta-analysis of studies
using expert assessment for occupational exposures. Human reproduction (Oxford, England).
2019;34(5):903-19.

2�. Spinder N, Bergman JEH, Boezen HM, Vermeulen RCH, Kromhout H, de Walle HEK. Maternal
occupational exposure and oral clefts in offspring. Environmental health : a global access science
source. 2017;16(1):83.

27. Yang W, Zeng L, Cheng Y, Chen Z, Wang X, Li X, et al. The effects of periconceptional risk factor
exposure and micronutrient supplementation on birth defects in Shaanxi Province in Western China.
PloS one. 2012;7(12).



Page 18/19

2�. Eke CB, Uche EO, Chinawa JM, Obi IE, Obu HA, Ibekwe RC. Epidemiology of congenital anomalies of
the central nervous system in children in Enugu, Nigeria: A retrospective study. Annals of African
medicine. 2016;15(3):126-32.

29. Haidar J, Melaku U, Pobocik RS. Folate defciency in women of reproductive age in nine
administrative regions of Ethiopia: An emerging public health problem. South African Journal of
Clinical Nutrition. 2010;23:132-7.

30. Tsegaye B, Kassa A. Prevalence of adverse birth outcome and associated factors among women
who delivered in Hawassa town governmental health institutions, south Ethiopia, in 2017.
Reproductive health. 2018;15(1):193.

31. Sokal R, Tata LJ, Fleming KM. Sex prevalence of major congenital anomalies in the United Kingdom:
a national population-based study and international comparison meta-analysis. Birth defects
research Part A, Clinical and molecular teratology. 2014;100(2):79-91.

Figures

Figure 1



Page 19/19

Type of congenital anomalies by organ system in Arsi Zone Public Hospitals, Southeast Ethiopia, 2020


