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Abstract
Background: A birth defect is a structural or functional abnormality observed in children. Birth defects occur
during intrauterine development of embryo or fetus. Birth defects may be visible before birth, at birth or later in
life, and are major causes of children’s hospital admissions and deaths.
Objectives: The aim of this study was to assess the prevalence and identify the associated risk factors of birth
defects.
Method: A retrospective cross-sectional study was conducted in two referral hospitals where 19,650 infants were
born between 2015 and 2017. Among these, 317 infants born with birth defects were selected, and the types of
birth defect were identified. To identify associated risk factors, 321 maternal medical history books were selected
by simple random sampling. The data were collected using a semi-structured checklist.
Results: A total of 19,650 infants were delivered during the study period. Among these, 1.61% of the infants had
birth defects. The most frequent types of birth defect were neural tube defects (32.5%), followed by oro-facial
clefts (27.1%), cardiovascular system defects (12%) and upper and lower limb defects (8.8%). Lack of folic acid
supplementation (95% CI: 3.54-12.08), presence of chronic disease (95% CI: 2.27-7.21), intake of drugs (95% CI:
1.98-6.38) and consumption of alcohol during pregnancy (95% CI: 1.13-3.60) were significantly associated with
birth defects.
Conclusion: The study identified a high prevalence of birth defects in infants born in Northwest Ethiopia. The
most frequent type of birth defect was neural tube defect. In addition, the absence of maternal folic acid
supplementation and the presence of chronic diseases during pregnancy were among the risk factors significantly
associated with birth defects. Further detailed, nationwide, multicenter, retrospective/prospective follow up
investigations should be conducted to influence political and healthcare decision-making so as to reduce birth
defects. [Ethiop. J. Health Dev. 2018;32(3):156-162]
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Introduction
Developmental disorders during delivery are described
using different terms, such as birth defects (BDs),
congenital malformation and anatomic abnormalities
(1). A birth defect can be defined as an absence of
structures and functions that normally form during the
development of the embryo. It may be recognized
prenatally, during delivery or in postnatal
developments. The clinical conditions associated with
BDs are usually observable during delivery. The
frequent types of birth defect are congenital heart
disease (CHD), neural tube defects (NTDs), oro-facial
clefts (OFCs) and upper and lower limb defects (2, 3).
In early human history, birth defects in both animals
and humans were often attributed to a curse from God
or because of evil. Even today, some cultures think that
mothers who give birth to infants with BDs have had
communication with a devil or evil spirits (4).
Birth defects usually begin during organogenesis (from
the 3rd to the 8th embryonic periods) (5). The cause of
birth defects are not yet well known (1). However, the
etiologies of birth defects are thought to be
multifactorial inheritance, environmental teratogens,
micronutrient deficiencies, chromosomal disorders and

1

single gene defects. In developing countries, maternal
infectious disease, such as rubella and syphilis, are
purported to be common causes of birth defects (6).
Globally, the prevalence of major birth defects was 4%
to 6%. Among these, 2% to 3% are diagnosed in liveborn infants, and 2% to 3% are manifested in children
around 5 years old (5).
Worldwide, permanent disability and death of children
are the results of the undesirable effects of birth
defects. Annually, around 3.3 million children below
the age of 5 die of birth defects. In addition, 303,000
infants die within a month of being born because of
birth defects, and 3.2 million live-born children are
disabled for life, which has a direct impact on children,
family, health care systems and communities (7).
In both developed and developing countries, although
BDs are the most serious cause of infant mortality and
disability, about 94% of BDs, 95% of deaths and 1530% of hospital admissions of infants and children due
to BDs are in low and middle income countries (8).
One previously conducted prevalence study in
Northwest Ethiopia, which included one of the
hospitals in the present study, reported that the
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prevalence of BDs was 1.9% (9). This indicates there is
a relatively high prevalence of BDs in this
geographical region of Ethiopia.
The main aim of this study was to estimate the
prevalence of BDs and to identify associated risk
factors among newborn infants in two referral hospitals
in Northwest Ethiopia, as there was very little data
available, especially on associated factors. Moreover, a
high level of prevalence of BDs was reported in the
earlier study mentioned above, and the results from the
current study would give an insight into the magnitude
of the problem and provide baseline data for future
detailed studies. In addition, information from this
study would be useful in developing strategies for the
prevention of birth defects as well as for improved
management and rehabilitation of patients with BDs.
Materials and methods
Method of data collection: The type of study was an
institution-based, retrospective, cross-sectional study.
The study was conducted in two governmental referral
hospitals: Debre Markos referral hospital (DMRH) and
Felege Hiwot referral hospital (FHRH), in East and
West Gojjam zones of Amhara region, Ethiopia. These
hospitals were selected based on patient load. Also,
they are the only referral hospitals in the East and West
Gojjam zones of Amhara region.
Data collectors were selected in each of the two
governmental hospitals, and they were trained for two
days regarding the objectives of the study, about
inclusion and exclusion criteria, and on sampling
procedures. All 19,650 infants born between 2015 and
2017 were included in the study. To identify the
associated risk factors of BDs, a total of 346 computergenerated samples were taken by simple random
sampling from the total number of infants born.
However, only 321 infants were included in the study
based on the completeness of the data. Among these,
104 infants were born with BDs and 217 infants were
born with no BDs. Data were also collected on sociodemographic and clinical information.
Data were collected from hospital records between
October 2017 and January 2018. In order to determine
the magnitude of BDs and the associated risk factors,
all 19,650 infants’ medical records were reviewed. The
infants born with BDs were selected from a list
containing the total number of infants born. The types
of BD were identified based on maternal medical
registration books. The data in medical history record
books were collected by using a pre-tested semistructured checklist. The checklist included: maternal
socio-demographic characteristics (age, occupation and
residency), general features of infant (sex), type of BD,
and the associated risk factors of BDs (maternal history
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of folic acid supplementation, maternal history of
alcohol consumption, maternal history of disease and
maternal history of drug use).
The data were collected from delivery wards and
neonatal intensive care units (NICUs) by the assigned
data collectors (midwives) working at the study
hospitals. Gynecologists/obstetricians and pediatricians
were consulted when there was an ambiguous
diagnosis. The proportions of children with BDs were
calculated by dividing the number of birth BD cases
(numerator) by the total number of live and stillborn
infants (denominator).
Data processing and analysis: After checking for
completeness, the data were entered into Epi-data
version 3.1 and exported to SPSS version 24 for
analysis.
Descriptive statistics, such as frequency distribution,
percentages and tables, were used to describe the sociodemographic variables, the percentage of types of BD
and the percentage of types of NTD.
Bivariate followed by multivariable logistic regression
analyses were carried out to determine factors
associated with BDs. The 95% confidence interval was
determined and a p-value less than 0.05 were
considered as statistically significant in all of the
analyses.
Ethical consideration: Ethical clearance was secured,
prior to data collection, from the Departmental
Research Ethics Review Committee (DRERC) of the
Department of Bio-Medical Sciences, School of
Medicine, Debre Markos University and from the
Institute of Review Board (IRB) of the School of
Medicine, College of Health Sciences, Addis Ababa
University. The anonymity of the patients and
confidentiality of the data were maintained by the
investigator and research assistants throughout the
study.
Results
Prevalence of birth defects: In DMRH and FHRH, a
total of 19,650 infants were born during the study
period. In the context of our study, the study period is
the ‘data collection period’ (October 2017 to January
2018). Of the 19,650 infants, 317 (1.61%) had BDs.
The proportion of male infants who had BDs was
greater than that of female infants. The majority of
infants with BDs were rural residents (55.2%),
followed by urban residents (44.8%) (Table 1).
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Table 1: The socio-demographic characteristics of study subjects in FHRH* and DMRH***, 2018
Variables
FHRH
DMRH
Total

Gender
Age
Residence
Occupation

number

%

number

%

number

%

Male

86

46.0

101

54.0

187

59.0

Female

77

59.2

53

40.8

130

41.0

<35 years

58

55.2

47

44.8

105

33.1

>35 years

105

49.5

107

50.5

212

66.9

Urban

72

50.7

70

49.3

142

44.8

Rural

91

52.0

84

48.0

175

55.2

Farmer

88

50.9

85

49.1

173

54.6

Government

24

49.0

25

51.0

49

15.4

Private employee

38

55.9

30

44.1

68

21.5

Unspecified

13

48.1

14

51.9

27

8.5

employee

*FHRH = Felege Hiwot referral hospital; **DMRH = Debre Markos referral hospital

Types of birth defects: Among the 317 infants
diagnosed with BDs, the most frequent types of BD
were neural tube defects (NTDs) (32.5%), followed by
oro-facial clefts (OFCs) (27.1%), cardiovascular
system defects (CVSDs) (12%), upper and lower limb

defects (8.8%), digestive and abdominal wall defects
(6.6%), unspecified congenital malformation (5.4%),
Down syndrome (3.2%), genitourinary system defects
(2.8%) and head, face and neck defects (1.6%) (Table
2).

Table 2: The frequency distribution of BD by sex from 2015-2017 in FHRH and DMRH, 2018
Variables
Male number
%
Female number
%
Total number
(n=187)
(n=130)
(n=317)
Neural tube defects
59
31.6
44
33.8
103
Oro-facial clefts
51
27.3
35
26.9
86
Cardiovascular system
22
11.8
16
12.3
38
defects
Upper and lower limb
19
10.2
9
6.9
28
defects
Digestive and
13
7.0
8
6.2
21
abdominal wall defects
Unspecified congenital
11
5.9
6
4.6
17
malformation
Down syndrome
6
3.2
4
3.1
10
Genitourinary system
4
2.1
5
3.8
9
defects
Head, face and neck
2
1.1
3
2.3
5
defects

Types of neural tube defects: As indicated in Table 3,
among the neural tube defects, spina bifida with or
without menigocele/menigomyelocele was the most
common (51.5%), followed by hydrocephaly (34.9%),
anencephaly (6.8%), spina bifida with hydrocephaly
(3.9%) and others (2.9%).

%
32.5
27.1
12.0
8.8
6.6
5.4
3.2
2.8
1.6

Factors associated with birth defects: As indicated in
Table 4 and Table 5, absence of maternal folic acid
supplementation, maternal history of chronic disease,
history of medication and history of alcohol
consumption during pregnancy were significantly
associated with BDs.

Table 3: The frequency of neural tube defects (NTDs) from 2015-2017 in FHRH and DMRH, 2018
Variables
Frequency (n=103)
%
Spina bifida (lumbar, sacral, thoracic and cervical)
53
51.5
Hydrocephaly
36
34.9
Anencephaly
7
6.8
Spina bifida with hydrocephaly
4
3.9
Others*
3
2.9
*Spina bifida with cardiovascular system defects and anencephaly with limb defects.
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Table 4: The associated factors of birth defects in study subjects in FHEH and DMRH, 2018
Variables
Frequency
%
(n=321)
Maternal folic acid supplement
Yes
188
58.6
No
133
41.4
Maternal history of alcohol intake
Yes
167
52.0
No
154
48.0
Maternal history of chronic disease
Yes
142
44.2
No
179
55.8
Types of chronic disease*
DM
53
37.3
HIV/AIDS
44
31.0
HTN
28
19.7
Epilepsy
13
9.2
CKD
4
2.8
Maternal history of medication
Yes
158
49.2
No
163
50.8
Types of drug
Antiretroviral
35
22.2
Insulin
32
20.3
Antiepileptic
8
5.1
Antihypertensive
21
13.3
Drug name not recorded
62
39.2
Family history of BD
Yes
153
47.7
No
168
52.3
*DM (diabetes miletus), HIV/AIDS (human immunodeficiency virus/acquired immune deficiency syndrome), HTN
(hypertension), CKD (chronic kidney disease)

Infants born from mothers who did not have folic acid
supplementation during pregnancy were 6.54 times
[AOR = 6.54, 95% CI: 3.54-12.08)] more likely to
have BDs compared to those who had folic acid
supplementation. Infants of mothers who had a chronic
disease during pregnancy, who took drugs or who had

consumed alcohol during pregnancy were 4.05 times
[AOR = 4.05, 95% CI: 2.27-7.21)], 3.55 times [AOR =
3.55, 95% CI: 1.98-6.38)] and 2.02 times [AOR = 2.02,
95% C: 1.13-3.60)], respectively, more likely to have
BDs (Table 5).

Table 5: Multivariate analysis of risk factors for birth defects (BDs) in study subjects in FHRH and DMRH,
2018
Variables
Birth defect
COR* (95% CI)
AOR** (95% CI)
p-value
Yes
No
Sex of infants
Family residence

Male
Female
Urban
Rural
Yes
No

60
44
47
57
33
71

129
88
97
120
155
62

0.93 (0.58-1.49)
1
1.02 (0.64-1.63)
1
1
5.38 (3.23-8.93)

0.68 (0.38-1.21)
1
1.66 (0.90-3.04)
1
1
6.54 (3.54-12.08)

0.190
0.103

Maternal folic acid
supplementation during
0.000
this pregnancy
Maternal history of alcohol
Yes
62
105
1.58 (0.981-2.53) 2.02 (1.13-3.60)
0.018
during this pregnancy
No
42
112
1
1
Maternal history of chronic
Yes
72
70
4.72 (2.85-7.82)
4.05 (2.27-7.21)
0.000
disease
No
32
147
1
1
Maternal history medication Yes
73
31
3.66 (2.22-6.03)
3.55 (1.98-6.38)
0.000
during pregnancy
No
31
132
1
1
*COR = crude odds ratio; **AOR = adjusted odds ratio (adjusted for socio-demographic and other
associated factors)

Discussion
The present study has observed a high prevalence of
BDs among newly born infants and identified the
associated risk factors. The most frequent types of BD
were neural tube defects, followed by oro-facial clefts,
cardiovascular system defects and upper and lower
limb defects. A lack of folic acid supplementation,
presence of chronic disease, intake of drugs and

alcohol consumption during pregnancy
significantly associated with birth defects.

were

The current research findings are in line with a study of
newborn infants conducted in the city of São Paulo,
Brazil, which showed a BD prevalence of 1.6% (10).
However, the prevalence of BDs observed in the
present study was slightly less than that reported in
another prevalence study conducted in Ethiopia
Ethiop. J. Health Dev. 2018;32(3)
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(1.96%) (9). This discrepancy might be due to the fact
that this study included two national referral hospitals,
including the Black Lion Hospital, where cases from
different parts of the country are referred to for
treatment and better management. A lower prevalence
of BDs (12.5 per 1,000 live births) has been reported
by a study carried out in India, where the data were
collected from a single hospital (11). A much higher
prevalence of BDs (4.1%) has been reported in a study
conducted in Pakistan (12). This could be explained by
the fact that the study was conducted in a hospital
setting where only those infants who needed special
care were admitted.
The current study shows that BDs were more frequent
in males (59%) than in females (41%), which is in
agreement with the finding of another study conducted
in Ethiopia (58.5%) (9).
The most common form of BD was NTD, followed by
OFC, while the least frequent were genitourinary
system defects and head, face and neck defects,
respectively. Similar frequencies of types of BD have
been reported in studies conducted in Tanzania and
Nigeria (13, 14). However, in a previous study
conducted in Ethiopia (9), OFC was the most frequent
type of BD, albeit by a slight margin. This may be
expected, given that the study included the Black Lion
Hospital, where as noted above, BD cases, including
OFC, from different parts of the country are referred to
for treatment and better management. On the other
hand, infants born with NTDs are usually still births.
Other investigations have reported that upper and lower
limb defects (15) and congenital heart defects (16, 17),
respectively, are the most prevalent BDs. These
inconsistencies may be due to different maternal
exposures to teratogens.
The present study shows that there is strong
relationship between the prevalence of BDs and the
lack of maternal folic acid supplementation during
pregnancy, the presence of chronic disease, the intake
of drugs, and the consumption of alcohol during
pregnancy. Infants born from mothers who did not get
folic acid supplementation during pregnancy were 6.54
times more likely to have BDs compared to infants
born from mothers who took folic acid
supplementation. This finding is in agreement with a
study which reports that folic acid opponent drugs
increase the possibility of BD, and that folic acid
supplementation lowers the risk of BDs (18). Our
finding is also in accordance with a study conducted in
Texas, which reports that maternal folic acid
supplementation significantly decreases the prevalence
of NTDs (19). Maternal folic acid supplementation,
especially one month before pregnancy and throughout
the first trimester, significantly decreases BDs, mainly
NTDs (20-23). In Ethiopia, the magnitude of NTDs is
relatively high, which may be attributed to the low
coverage of maternal folic acid usage (1.92%) (24).
Even though, in Ethiopia, the policy for folic acid
allocation is well established by the Federal Ministry of
Health, pregnant mothers’ folic acid usage is still low.
This might be due to the lack of knowledge of health

care providers, the community and pregnant mothers in
terms of the importance of maternal folic acid
supplementation during pregnancy (24).
Infants born from mothers who had a chronic disease
during pregnancy were 4.05 times more likely to have
BDs compared to infants born from mothers who did
not have chronic diseases. The presence of chronic
disease during pregnancy as a risk factor for BD is
documented in text books (1). The finding of our
investigation was also supported by studies conducted
in Pakistan (25) and in the USA (26). Another study
conducted in Canada also reported that several chronic
maternal diseases, including diabetes, hypertension,
connective tissue disorders and congenital heart disease
confer an increased risk of BDs in offspring (27).
Unlike our findings, however, research conducted in
California reports that the magnitude of infants born
with BDs from mothers who had chronic diseases was
relatively low (28). A lack of clear knowledge about
exactly when in the embryonic periods pregnant
mothers develop chronic disease may be a factor in this
discrepancy.
Another factor that had a significant association with
BDs in the current study was maternal intake of drugs
during pregnancy. Infants born from mothers who took
drugs during pregnancy were 3.55 times more likely to
have a BD compared to infants born from mothers who
did not take any types of drug during pregnancy. This
finding is congruent with the findings of other studies
which report that maternal exposure to nitrate from
drinking water and diet are risk factors for BDs (1, 29).
The consumption of both prescribed and selfadministered drugs during pregnancy have adverse
effects on the development of the fetus (30).
Moreover, infants born from mothers who consumed
alcohol during pregnancy were found to be 2.02 times
more likely to have BDs compared to infants born from
mothers who did not. Pregnant mothers drinking any
amount of alcohol during early pregnancy had direct
effects on the growth and morphogenesis of fetuses
(31-33). In a study of rats, the use of an ethanol liquid
diet for one month prior to conception and during
development distorted the usual blueprint of
myelination in rat progeny. It is highly likely that
myelin developmental disorders cause other BDs (32).
Conclusions:
The present study has observed a comparatively high
prevalence of BDs among newborn infants. Male
infants were more likely to have BDs compared to
females. The most frequent types of BD were NTDs
followed by OFCs. Among NTDs cases identified,
spina bifida was the most frequent. Absence of
maternal folic acid supplementation during pregnancy,
presence of chronic diseases, intake of drugs and
consumption of alcohol during pregnancy were
significant risk factors for the development of BDs.
The findings of the current investigation have shown
that the prevalence of BDs in the East and West
Gojjam zones of Northwest Ethiopia is unacceptably
Ethiop. J. Health Dev. 2018;32(3)
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high. Therefore, educating women of reproductive age
and the community at large on BDs and the associated
risk factors is critical, as lack of awareness is a major
problem in the area.
The present study has given an insight into the
magnitude of the problem of BDs and provided
baseline data for future detailed studies, as there was
very little data available previously. In addition,
information from this study would be useful in
developing strategies for the prevention of birth defects
as well as for improved management and rehabilitation
of surviving victims of BDs. Further detailed,
nationwide, multicenter, retrospective/prospective
investigations should be conducted to influence
decision-making.
Acknowledgements
We thank Addis Ababa University for providing the
funding for this study. Our most sincere thanks go to
the health workers at Debre Markos and Felege Hiwot
hospitals for their kind unlimited support throughout
the study period. We would also like to pass our
gratitude to all study participants and data collectors.
References
1. Moore KL, Persaud TVN, Torchia MG. The
Developing Human E-Book: Elsevier Health
Sciences; 2011.
2. Aschengrau A, Weinberg JM, Janulewicz PA,
Gallagher LG, Winter MR, Vieira VM, et al.
Prenatal
exposure
to
tetrachloroethylenecontaminated drinking water and the risk of
congenital anomalies: a retrospective cohort study.
Environmental Health. 2009;8(1):44.
3. Christianson A, Howson CP, Modell B. March of
Dimes: global report on birth defects, the hidden
toll of dying and disabled children. March of
Dimes: global report on birth defects, the hidden
toll of dying and disabled children. 2005.
4. Carlson
BM.
Human
Embryology
and
Developmental Biology E-Book: with STUDENT
CONSULT Online Access: Elsevier Health
Sciences; 2012.
5. Sadler T. Text book of Langman s Medical
Embryology. Skeletal system 11th Ed New Delhi
[South Asian edition]: Wolters kluwer. 2010;140.
6. El Koumi MA, Al Banna EA, Lebda I. Pattern of
congenital anomalies in newborn: a hospital-based
study. Pediatric reports. 2013;5(1).
7. Heymann DL, Hodgson A, Freedman DO, Staples
JE, Althabe F, Baruah K, et al. Zika virus and
microcephaly: why is this situation a PHEIC? The
Lancet. 2016;387(10020):719-21.
8. KIng I. Controlling Birth Defects: Reducing the
Hidden Toll of Dying and Disabled Children in
Low-Income Countries. 2008.
9. Taye M, Afework M, Fantaye W, Diro E, Worku
A. Magnitude of Birth Defects in Central and
Northwest Ethiopia from 2010-2014: A
Descriptive Retrospective Study. PloS one.
2016;11(10):e0161998.
10. Cosme HW, Lima LS, Barbosa LG. Prevalence of
conginital anomalies and their associated factors in

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

161

new borns in the city of Sao Paulo from 2010 to
2014. Revista Paulista de Pediatria. 2017;35(1):338.
Cherian AG, Jamkhandi D, George K, Bose A,
Prasad J, Minz S. Prevalence of Congenital
Anomalies in a Secondary Care Hospital in South
India: A Cross-Sectional Study. Journal of tropical
pediatrics. 2016;62(5):361-7.
Raza MZ, Sheikh A, Ahmed SS, Ali S, Naqvi
SMA. Risk factors associated with birth defects at
a tertiary care center in Pakistan. Italian journal of
pediatrics. 2012;38(1):68.
Mashuda F, Zuechner A, Chalya PL, Kidenya BR,
Manyama M. Pattern and factors associated with
congenital anomalies among young infants
admitted at Bugando medical centre, Mwanza,
Tanzania. BMC research notes. 2014;7(1):195.
Abbey M, Oloyede OA, Bassey G, Kejeh BM,
Otaigbe BE, Opara PI, et al. Prevalence and
pattern of birth defects in a tertiary health facility
in the Niger Delta area of Nigeria. International
journal of women's health. 2017;9:115.
Hoang T, Nguyen PVN, Tran DA, Gillerot Y,
Reding R, Robert A. External birth defects in
southern Vietnam: a population-based study at the
grassroots level of health care in Binh Thuan
province. BMC pediatrics. 2013;13(1):67.
Li Y, Liu X-H, Wang F-Y, Zhao X-L, Zhang X,
Zhang Y-P. Analysis of the birth defects among 61
272 live born infants in Beijing. Beijing da xue
xue bao Yi xue ban= Journal of Peking University
Health sciences. 2009;41(4):414-7.
Rodica R, Molnar A, Mirza T, ŢIGAN ŞI.
Congenital Malformation Prevalence in Cluj
District between 2003-2007. Applied Medical
Informatics. 2009;25(3, 4):37-46.
Hernández-Díaz S, Werler MM, Walker AM,
Mitchell AA. Folic acid antagonists during
pregnancy and the risk of birth defects. New
England journal of medicine. 2000;343(22):160814.
Canfield MA, Anderson JL, Waller DK, Palmer
SE, Kaye CI. Folic acid awareness and use among
women with a history of a neural tube defect
pregnancy--Texas,
2000-2001.
MMWR
Recommendations and reports: Morbidity and
mortality weekly report Recommendations and
reports/Centers for Disease Control. 2002;51(RR13):16-9.
Hall J, Solehdin F. Folic acid for the prevention of
congenital anomalies. European journal of
pediatrics. 1998;157(6):445-50.
Scholl TO, Johnson WG. Folic acid: influence on
the outcome of pregnancy. The American journal
of clinical nutrition. 2000;71(5):1295s-303s.
Lawal TA, Adeleye AO. Determinants of folic
acid intake during preconception and in early
pregnancy by mothers in Ibadan, Nigeria. The Pan
African Medical Journal. 2014;19.
Canfield MA, Przybyla SM, Case AP, Ramadhani
T, Suarez L, Dyer J. Folic acid awareness and
supplementation among Texas women of
childbearing
age.
Preventive
Medicine.
2006;43(1):27-30.
Ethiop. J. Health Dev. 2018;32(3)

162

Ethiop. J. Health Dev.

24. Haidar J, Melaku U, Pobocik RS. Folate
deficiency in women of reproductive age in nine
administrative regions of Ethiopia: an emerging
public health problem. South African Journal of
Clinical Nutrition. 2010;23(3).
25. SALEEM M, ALI M, HUSSNAIN Q. Prevalence
and Associated Risk Factors for Neural Tube
Defects in Patients at Sheikh Zayed Hospital
Rahim Yar Khan.
26. Waller DK, Shaw GM, Rasmussen SA, Hobbs
CA, Canfield MA, Siega-Riz A-M, et al.
Prepregnancy obesity as a risk factor for structural
birth defects. Archives of pediatrics & adolescent
medicine. 2007;161(8):745-50.
27. Liu S, Joseph K, Lisonkova S, Rouleau J, Van den
Hof M, Sauve R, et al. Association between
maternal chronic conditions and congenital heart
defects: a population-based cohort study.
Circulation.
2013:CIRCULATIONAHA.
113.001054.
28. Shaw GM, Todoroff K, Velie EM, Lammer EJ.
Maternal illness, including fever, and medication
use as risk factors for neural tube defects.
Teratology. 1998;57(1):1-7.

29. Croen LA, Todoroff K, Shaw GM. Maternal
exposure to nitrate from drinking water and diet
and risk for neural tube defects. American Journal
of Epidemiology. 2001;153(4):325-31.
30. Nelson MM, Forfar JO. Associations between
drugs administered during pregnancy and
congenital abnormalities of the fetus. Br Med J.
1971;1(5748):523-7.
31. 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.
32. Druse MJ, Hofteig JH. The effect of chronic
maternal alcohol consumption on the development
of central nervous system myelin subfractions in
rat offspring. Drug and alcohol dependence.
1977;2(5):421-9.
33. Guerri
C.
Neuroanatomical
and
neurophysiological mechanisms involved in
central nervous system dysfunctions induced by
prenatal alcohol exposure. Alcoholism: Clinical
and Experimental Research. 1998;22(2):304-12.

Ethiop. J. Health Dev. 2018;32(3)

