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Introduction: Anencephaly is a form of neural tube defect, which develops when the
cranial neuropore is unable to close. It is one of the fatal anomalies of the neural tube.
Although most of the causes of anencephaly are unknown, multiple risk factors are asso-
ciated with this defect. Therefore, this study aimed to investigate the incidence and asso-
ciated risk factors of anencephaly in Dessie town, in the north eastern region of Ethiopia.
Methods: An institution-based unmatched case—control study was conducted.
Sociodemographic characteristics of pregnant women were collected with a structured ques-
tionnaire and clinical data were recorded during an ultrasound examination. Data were
entered into Epi Info 7 and analyzed by SPSS version 20. Binary logistic regression was
applied to detect the associations between risk factors and the occurrence of anencephaly.
Results: The incidence of anencephaly was 3.3/1000 pregnancies. The multivariate logistic
regression model indicated that maternal age between 26 and 30 years and khat chewing
during pregnancy were significantly associated with anencephaly (OR 0.13, 95% CI 0.02—
0.97, p=0.046; and OR 3.571, 95% CI 1.06-12.06, p=0.04, respectively). Exposure to typhus
and typhoid and the use of antihypertensive drugs during early pregnancy were also
significantly correlated as anencephaly risk factors. Furthermore, spina bifida simultaneously
occurred with anencephaly significantly (p<0.05).

Conclusion: It is suggested that exposure to risk factors such as khat chewing during
pregnancy may predispose to the development of anencephaly.
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Introduction

Anencephaly is a form of neural tube defect (NTD), which develops when the
cranial neuropore is unable to close during the fourth week of human development.
It results in the failure of the major part of the brain to develop, failure of the lamina
terminalis to form and a defective bony cranial vault."

Anencephaly cannot be treated; therefore, it is considered a fatal form of NTD.
Although most anencephalic babies are stillborn, some of them are born alive, with
a small, undeveloped brain which lacks a functioning cerebrum. Anencephalic
babies fail to become conscious and do not respond to pain. However, their
brainstem may respond to some reflexes, such as breathing, sound and touch.?

The exact causes of anencephaly are not known. However, the interaction of
genetic and environmental factors is considered to be implicated. Some of its
causes, such as genes which provide instructions for making a protein involved in
processing the vitamin folate, have been identified.’ In the reviews by Pulikkunnel
and Thomas and Finnell et al, on the pathogenesis of NTDs and the association of
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NTDs with folate metabolism, several gene problems that
affect enzymes and proteins involved in the transport and
metabolism of folate were shown to be associated with
NTDs.*” On the other hand, proprotein convertase subti-
lisin/kexin type 9 (PCSK9) may have a role in the etio-
pathogenesis of open NTDs at the critical stages of fetal
neuronal differentiation and development. Although it has
limitations, PCSK9 may be used as an additional biomar-
ker for the screening of NTDs.®

Several studies have reported various risk factors
linked to anencephaly, which include socioeconomic sta-
tus, parental education, maternal age and occupation,
smoking, alcoholism, maternal reproductive history, infec-
tion during early pregnancy, diabetes, obesity, and mater-
nal use of caffeine and medications during early
pregnancy.%9

The prevalence of anencephaly shows great variation
among different countries, with 12 per 10,000 births in
Iran,'® 10.4 per 10,000 births in China, 0.00-7.42 per
10,000 births in Rijeka, Croatia,'' 0.5-0.6 per 1000 live
births in Singapore'? and 0.5-6.5 per 1000 live births in
India.'*'* However, only a limited amount of research'*'®
has been conducted in Ethiopia. Therefore, the aim of this
study was to investigate the incidence of anencephaly and
its associated risk factors in Dessie town, in the north
eastern region of Ethiopia.

Subjects and Methods
Study Design, Study Area, Sample Size
and Sampling Method

This institution-based unmatched case—control study was
conducted in the Ethiopian Family Guidance Association
(EFGA) North East Model Clinics, Dessie town. The
sample size was determined using Epi Info version 7,
considering the following assumptions: percentage of con-
trol exposed (family history of congenital anomaly) 2%,
odds ratio of 8.6,'” 95% confidence interval, 80% power
and a case-to-control ratio of 1:2. The final sample size
was 126 (42 cases and 84 controls).

The data were prospectively collected for one year
(February 2019 to January 2020). During the study period,
12,713 pregnant women visited the ultrasound center of
EFGA Clinics. For every case of anencephaly diagnosed
by ultrasound, two women with non-anencephalic fetuses,
next to the case, in the same ultrasound center, were
assessed as controls. Data for the controls were recorded
using the same data sheet used for the cases.

Data Collection Tools and Techniques
The data were collected with a precoded and pretested
structured questionnaire. All recruited women were inter-
viewed, regarding their maternal age, area of residence,
number of pregnancies, presence of any chronic disease
during pregnancy, number of gestations, infection during
gestation, self or family history of anencephaly, and mater-
nal alcohol, khat, tobacco and drug use. In addition, con-
sanguinity, antenatal care (ANC) follow-up, and iron and
folic acid supplementation data were included. From the
ultrasound reading, gestational age of the fetus at diagno-
sis, number and sex of conceived fetuses, and anomalies
associated with anencephaly were recorded. Pregnant
women who were seriously ill and refusers were excluded
from the study. The data were collected by a midwife and
the ultrasound findings were interpreted by an experienced
radiologist.

Statistical Data Analysis

All findings were coded and entered into Epi Info 7 and
analyzed by SPSS version 20. Descriptive statistics were
used to explain the study population in relation to the
relevant variables. Binary logistic regression was carried
out to check the associations between the dependent vari-
able and each variable independently. The rejection level
of significance for the univariate analysis was 0.2.
Therefore, those factors with a p-value under 0.2 were
entered into the multivariable analysis. Variables with
a p-value less than 0.05 were taken as statistically signifi-
cant in the multivariate logistic regression. The odds ratio
(OR) with its 95% confidence interval (CI) was used to
show the strength of association. The results are presented
in the text, tables and figures.

Results
During a period of one year (February 2019 to
January 2020), a total of 12,713 pregnant women visited
the ultrasound center of EFGA Clinics. Forty-two pregnant
women were diagnosed as carrying an anencephalic fetus,
by obstetric ultrasound. Eighty-four pregnant women were
taken as controls. However, one case and two controls had
incomplete sociodemographic data, so they were excluded
from the analysis. Therefore, based on this finding, the
incidence of anencephaly was 3.3/1000 pregnancies. The
mean gestational age at diagnosis was 22 weeks.

The values for the different sociodemographic character-
istics of the cases and controls were, respectively: 39% and
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45.1% in the age range of 21-25 years, 36.6% and 45.1%
completed high school education, 87.8% and 93.9% Ambhara
ethnicity, and 73.8% and 78% lived in an urban location. Of the
affected fetuses, 39% and 61% were male and female, respec-
tively, while 51.8% and 48.2% of the control fetuses were male
and female, respectively (Table 1).

Additional anomalies/conditions were detected in 29.3%
of the fetuses with anencephaly. Among these, 14.6% were
spina bifida, which is significant compared to the control
fetuses (p=0.0001), while 4.9% and 9.8% were oligohydram-
nios and polyhydramnios, respectively (Figure 1).

In univariate model analysis, maternal educational
background, ethnicity, residence, occupation, ANC follow-
up, folic acid supplementation during pregnancy and con-
sanguinity (blood relationship between the fetus’s father
and mother) were not significantly associated with occur-
rence of anencephaly as a risk factor (Tables 1 and 2).

The multivariate logistic regression model indicated
that maternal age between 26 and 30 years and khat
chewing during pregnancy were significantly related to
anencephaly (OR 0.13, 95% CI 0.02-0.97, p=0.046; and
OR 3.571, 95% CI 1.06-12.06, p=0.04, respectively)
(Table 3).
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Figure | Anomalies/conditions associated with anencephalic and control fetuses.

In the association between anencephaly and disease
and drug exposure during pregnancy, the presence of
typhus and typhoid and drugs used for hypertension were
significantly associated with the occurrence of anence-
phaly (p<0.05) (Table 4).

Discussion

Anencephaly may be caused by the defective formation or
absence of the cranium. Chronic exposure to amniotic
induce

fluild and certain mechanical traumas later

Table | Univariate Model Analysis of the Association Between Sociodemographic Factors and Occurrence of Anencephaly (Cases

n=4|, Controls n=82)

Variables Frequency, No (%) COR 95% ClI p-Value
Controls Cases
Maternal age (years) <20 3(3.7) 2 (49) 0.222 0.02-2.451 0.219
21-25 37 (45.1) 16 (39) 0.144 0.026-0.792 0.026
26-30 29 (35.4) Il (26.8) 0.126 0.022-0.723 0.02
31-35 I (13.4) 6 (14.6) 0.182 0.028-1.197 0.076
>35 2 (24) 6 (14.6) Ref
Educational background No formal education 4 (4.9) 4 (9.8) 2 0.412-9.712 0.39
Elementary (grade 1- 8) 21 (25.6) 12 (29.3) 1.143 0.404-3.230 0.81
High school (grade 9-12) 37 (45.1) 15 (36.6) 0.8l1 0.308-2.134 0.671
College and above 20 (24.4) 10 (24.4) Ref
Ethnicity Amhara 77 (93.9) 36 (87.8) 0.312 0.05-1.948 0.212
Oromo 337 2 (49) 0.444 0.035-5.581 0.53
Tigre 2 (2.4) 3(7.3) Ref
Residence Urban 64 (78) 30 (73.2) 0.767 0.323-1.824 0.549
Rural 18 (22) Il (26.8) Ref
Occupation Factory worker 5 (6.1) 6 (14.6) 2.64 0.755-9.235 0.129
Non-factory worker 77 (93.9) 35 (85.4) Ref
Sex of the fetus Male 42 (51.2) 16 (39) 0.6 0.28-1.31 0.203
Female 40 (48.8) 25 (61) Ref
Abbreviations: COR, crude odds ratio; Cl, confidence interval; Ref, reference.
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Table 2 Univariate Model Analysis of the Association Between Risk Factors and Occurrence of Anencephaly (Cases n=41, Controls
n=82)

Variables Frequency, No (%) COR 95% ClI p-Value
Controls Cases

Any alcohol intake during Yes 10 (12.2) 9(22) 2.025 0.75-5.46 0.163

pregnancy No 72 (87.8) 32 (78) Ref

Any khat chewing during pregnancy Yes 8 (9.8) 9 (22) 2.602 0.92-7.35 0.071
No 74 (90.2) 32 (78) Ref

ANC follow-up Yes 73 (89) 38 (92.7) 1.562 0.39-6.11 0.522
No 9 (I 3(73) Ref

Iron and folic acid supplementation Yes 57 (69.5) 28 (68.3) 0.945 0.42-2.12 0.89

during pregnancy No 25 (30.5) 13 (31.7) Ref

Consanguinity Yes 2 (24) 2 (4.9) 2.051 0.28-15.11 0.481
No 80 (97.6) 39 (95.1) Ref

Presence of any disease during Yes Il (13.4) 14 (34.1) 3.347 1.35-8.28 0.009

pregnancy No 71 (86.6) 27 (65.9) Ref

Any drug intake during pregnancy Yes 10 (12.2) 14 (34.1) 3.733 1.48-9.41 0.005
No 72 (87.8) 27 (65.9) Ref

Abbreviations: COR, crude odds ratio; Cl, confidence interval; Ref, reference.

Table 3 Multivariate Analysis of the Association Between Risk Factors and Occurrence of Anencephaly (Cases n=41, Controls n=82)

Variables Frequency, No (%) AOR 95% CI p-Value
Controls Cases

Maternal age (years) <20 3(3.7) 2 (4.9) 0.204 0.01-3.09 0.252
21-25 37 (45.1) 16 (39) 0.244 0.04-1.69 0.153
26-30 29 (35.4) 11 (26.8) 0.13 0.02-0.97 0.046*
31-35 I (13.4) 6 (14.6) 0.148 0.02-1.32 0.087
>35 2 (24) 6 (14.6) Ref

Maternal occupation Factory worker 5 (6.1) 6 (14.6) 0.447 1.88-0.37 0.431
Non-factory worker 77 (93.9) 35 (85.4) Ref

Sex of the fetus Male 42 (51.2) 16 (39) 0.588 0.25-1.39 0.229
Female 40 (48.8) 25 (61) Ref

Any alcohol intake during pregnancy Yes 10 (12.2) 9 (22) 2015 0.62-6.55 0.244
No 72 (87.8) 32 (78) Ref

Any khat chewing during pregnancy Yes 8 (9.8) 9 (22) 3.571 1.06—12.06 0.04*
No 74 (90.2) 32 (78) Ref

Presence of any disease during pregnancy | Yes 11 (13.4) 14 (34.1) 1.032 0.13-8.39 0.976
No 71 (86.6) 27 (65.9) Ref

Any drug intake during pregnancy Yes 10 (12.2) 14 (34.1) 5.113 0.55-48.01 0.153
No 72 (87.8) 27 (65.9) Ref

Note: *Significant p-value.
Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; Ref, reference.
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Table 4 Association Between Anencephaly and Exposure to Risk Factors During Pregnancy (Cases n=41, Controls n=82)

Variables Frequency, No (%) | COR 95% CI p-Value
Controls | Cases

Disease exposure during pregnancy | Typhus and typhoid Yes 1 (1.2) 7 (6.5) 16.68 | 1.98-140.78 0.0l
Hypertension Yes 2 (24) 4 (9.8) ¢
Asthma Yes 2 (2.4) 0 .
Febrile illness Yes I (1.2) 3(7.3) ¢
Gastritis Yes 33.7) 1 (2.4) .
uUTl Yes 33.7) 0 .
STI Yes 1(1.2) 0 .

Drugs used during pregnancy Antihypertensive drug Yes 1(1.2) 4 (9.8) 10.67 | 1.146-99.31 0.038
Drug for typhus and typhoid | Yes 0 4 (9.8) .
Antiasthmatic Yes 2 (24) 0 .
Drug for febrile illness Yes 1(1.2) I (2.4) ¢
Antiacid Yes 337 I (2.4) ¢
Antibiotic Yes 337 5(12.2) .
Antifungal Yes 1(1.2) 0 *

Note: ¢p-Value >0.05 (not significant, so the corresponding COR and Cl are not reported for these variables).
Abbreviations: COR, crude odds ratio; Cl, confidence interval; UTI, urinary tract infection; STI, sexually transmitted infection.

degeneration and disorganization of the neuronal tissue,
which is covered with an edematous and angiomatous
membrane.'®!® Anencephaly can be diagnosed as early

as 13 weeks of gestation using three-dimensional

sonography.”*?!

The incidence of anencephaly has been reported to
show variation among different geographical regions. In
this investigation, the incidence was 3.3/1000 pregnancies,
which is slightly higher than the incidences reported in
India, at 1.04 per 1000 births,9 and Gorgan, Iran, at
1.31 per 1000 births,'® and lower than the incidence
reported in Kashmir, which was 10.2/1000 pregnancies,
as observed by ultrasound.” The lower incidences reported
in India may be due to early termination of diagnosed
fetuses, which reduces the prevalence at birth, and
changes in the level of ANC.

On the other hand, a study conducted in Addis Ababa,
Ethiopia, reported a higher prevalence of anencephaly
(63.4 per 10,000 births) than this research. This may be
due to the study settings, as that study was conducted in
referral hospitals, in which many cases are sent for further
diagnosis and management.'®

It has been reported that anencephaly occurs more
frequently in female than in male fetuses.”**** Although
not statistically significant, in the present study, 61% of the
affected fetuses were females. The reason for a female
predominance is not known, and may need further

investigation.

Many investigators have reported the protective effect
of folic acid supplementation in the early first trimester of
pregnancy.**2¢ Even though not significant, in this study
folic acid supplementation during early pregnancy showed
a protective effect against the development of anence-
phaly. This may be due to there being nearly equal
numbers of pregnant women (31.7% and 30.5% of the
cases and controls, respectively) who did not take folic
acid. Such a finding was also reported by Li et al.?’

The present study found that khat chewing during preg-
nancy was significantly associated with having an anence-
phalic fetus. With the current trend of an increase in the habit
of consumption of khat in the study area, it would be inter-
esting to investigate this further, considering dose, duration
and time of khat chewing, and its effect on pregnancy. In line
with this, previous studies have shown that chronic khat
chewing affects the nervous system. It results in cognitive
defects and psychosis associated with severe neurological
illness, including abnormalities of the white matter and cor-
tical atrophy of cerebral hemispheres,”® reduced brain
weight,?’ degeneration and necrosis of neurons and support
cells of the brain,*® distorted cytoarchitecture of the prefron-
tal cortex, and impaired selective attention and working
memory accuracy.’’ Khat contains several psychoactive
components, including cathinone, cathine, cathidine and
norephedrine.>” Such compounds may affect the develop-
ment of the nervous system and be the reason for the present
finding of khat as a risk factor for anencephaly.
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In the current investigation, maternal age between 26
and 30 years was significantly associated with the occur-
rence of anencephaly, although previous studies, by
Aguiar et al and Barry Borman et al, reported no associa-
tion between anencephaly and maternal age.**** The
observed higher incidence of anencephaly in mothers
aged between 26 and 30 is comparable to that reported
by Berihu et al for mothers in all age ranges."
Nevertheless, the relatively high incidence of anencephaly
observed in this study in mothers in the age group of 20—
30 years is interesting and deserves further investigation.

Maternal exposure to hyperthermia around the time of
anterior neuropore closure is significantly related to
anencephaly.®® This is also in line with the current finding in
which exposure of typhus and typhoid during early pregnancy
significantly correlated with this anomaly. Furthermore, the
present study found a significant correlation between anence-
phaly and the use of antihypertensive drugs during pregnancy
(p=0.038). On the other hand, in research conducted in Tigray
and Addis Ababa, Ethiopia, the use of herbal medicines or
drugs during pregnancy was not significantly associated with
anencephaly.'>'° Such variation may be due to differences in
the disease status of pregnant women and the time of initiating
drug therapy for hypertension.

With respect to occupational hazards as a risk factor for
anencephaly, no association was found in this study for
mothers working in industry. However, a previous study
reported that working in industry increases the risk of
having a baby with anencephaly by up to 6.5 times com-
pared with professional and businesswomen.>® In addition,
the same study reported that low educational status is
associated with a higher risk of giving birth to an infant

with anencephaly,*®

although this association was not
found in the current study. The lack of a significant asso-
ciation with occupational hazards in the present study may
be due to the low number of participants working in
factories.

The existence of additional abnormalities with anence-
phaly has been reported by several investigators. Spina
bifida is the anomaly most commonly associated with
anencephaly.”* In the present study, spina bifida was
with
(»p<0.0001). The simultaneous presence of anencephaly

also  significantly  associated anencephaly

and spina bifida appears to be due to a common structural
abnormality of the neural tube, as suggested by Barry

Borman et al.>*

Although not statistically significant, poly-
hydramnios and oligohydramnios were also detected with

anencephaly.

Conclusion

The incidence of anencephaly in this study is almost within
the range of many reports by different investigators in dif-
ferent regions, although it appears higher than the incidence
in developed nations. Spina bifida, polyhydramnios and
oligohydramnios appear to co-occur with anencephaly.
Among several possible risk factors investigated in this
study, exposure to typhus and typhoid during early preg-
nancy, taking drugs for hypertension, maternal age between
26 and 30 years, and khat chewing during pregnancy were
found to be associated with anencephaly. Therefore, risk
factors such as khat chewing during the gestational period
may predispose to the development of anencephaly and
should be discouraged. Further and particular investigations
on risk factors such as khat chewing and their association
with anencephaly should be conducted. Interpretation of
these findings should be made with caution, since this
study was conducted in a specific population and with lim-
itations. The number of controls was limited and they were
selected immediately following the confirmation of cases.

Abbreviations

ANC, antenatal care; AOR, adjusted odds ratio; CI, con-
fidence interval; COR, crude odds ratio; EFGA, Ethiopian
Family Guidance Association; OR, odds ratio; PCSKO9,
proprotein convertase subtilisin/kexin type 9.
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