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Abstract

Approximately 3% of all pregnancies are associated with conditions linked with disability, either mild or severe
congenital diseases. This is a consequence of environmental and genetic exposures. Complications and poor
management of these diseases arise due to limited knowledge, awareness about the disease, and limited
resource settings. The current study assessed awareness, attitudes towards genetic diseases, and acceptability

of genetic interventions among pregnant women. This was a cross-sectional study that was conducted among
664 pregnant women in six selected health centers in Burera district using a detailed questionnaire. The data
were analysed using STATA Version 15 and entailed univariate, bivariate, and multivariable analyses. The level of
significance was set at p<0.05. The mean age of the study participants was 28, and most of them were in the
age range of 21 to 30 (50%). Most of the participants were married (91.1%), Christians (98.4%), farmers (92.7%),
used public health coverage (96.6%), and attained primary studies (66.1%). The findings from this study showed
that among participants, adequate awareness was at 29.5%, inadequate awareness at 70.5%, positive attitudes

at 87.1%, negative attitudes at 12.9%, high acceptability at 97.1%, and low acceptability at 2.9%. While there

was no significant difference between awareness and acceptability, there was a statistical significance between
attitudes towards genetic diseases and acceptability towards the use of genetic services (p<0.01). There was no
statistical significance between sociodemographic or obstetric characteristics and the acceptability of genetic
interventions. Participants with positive attitudes towards genetic diseases were more likely to develop a high level
of acceptability and willingness towards the use of genetic interventions (OR: 5.3 [2.1-13.5]). Improving awareness
about genetic diseases and establishing genetic interventions in healthcare facilities are needed.
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Introduction

Genetic diseases are distributed throughout the world,
and there are 20.40 birth defects for every 1,000 babies
born in sub-Saharan Africa [1]. A genetic disease or dis-
order is any disease caused in part or in whole by a muta-
tion in the DNA sequence of an individual away from the
normal DNA sequence [2] and [3]. Genetic disorders can
be multifactorial (caused by multiple gene mutations),
which can result from a combination of gene mutations
and environmental variables or chromosomal damage
(alterations in the number, structure, or shape of full,
complete chromosomes or gene-carrying structures) [4].
In some cases, this occurs during meiosis. In other cases,
it is present in the parent’s cells that are passed on to the
offspring. Genetic diseases can be passed on through
generations and inherited from parents through the germ
line (inherited genetic diseases); other diseases can arise
spontaneously during conception; and other genetic dis-
eases involve genes that arise during the course of an
individual’s lifetime (mostly cancer). If the disorder is
found on the autosomes, it is referred to as an autosomal
condition, and if it is found in sex chromosomes, the con-
dition is called a sex-linked condition (x- or y-linked) [5].

Congenital genetic diseases are diseases that are born
due to inheritance from parents or environmental expo-
sures during conception, embryogenesis, or fetal devel-
opment. The most well-known defect is a neural tube
defect that is due to a deficiency of vitamin B9, known
as folic acid [6]. Smoking during pregnancy can harm the
unborn baby’s tissues, particularly the lungs and brain.
Many studies have linked maternal smoking and cleft lip.
Tobacco smoke contains carbon monoxide, which can
prevent a growing infant from obtaining adequate oxy-
gen. Furthermore, tobacco smoke can also cause miscar-
riage, and it contains other chemicals that can harm the
baby. Moreover, smoking was found to be associated with
congenital heart defects (CHDs) [7]. Alcohol can have
serious effects on the fetus, such as neurological defects
(cognitive impairment, learning disabilities, or behavioral
abnormalities), growth retardation, and facial anoma-
lies. The destruction of fetal and newborn red cells by
maternal red cell antibodies specific for paternally inher-
ited antigens on fetal red cells or erythroid precursors
is characterized as Hemolytic Disease of the Fetus and
Newborn (HDFN) [8]. HDEN affects approximately 500
babies in England each year and can result in stillbirths,
disability, or death due to anemia and jaundice [9].

In the last more than 100 years, Down syndrome has
been the most common genetic disorder that has led to
mental retardation, specific birth defects, decreased life
expectancy, and other disease conditions [10]. Down syn-
drome is most prevalent in the United States of Amer-
ica, where 1 in almost every 700 newborn babies has this
disorder [10] and [11]. In Tunisia, a high prevalence of
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consanguinity was reported, and 346 different genetic
disorders were identified [12]. In the study performed by
Molteno et al,, 1997, Down syndrome was found to be
common, with a prevalence of 1.3% in South Africa [13].
According to 25 studies from nine sub-Saharan African
countries in a systematic study performed by Adane et
al., 2020, the southern African region has the highest rate
of genetic birth disorders, with 43 birth problems per
1000. Birth abnormalities in the musculoskeletal system
were reported to have a pooled prevalence of 3.90 per
1000 in the same study. Birth defects were highly associ-
ated with a lack of folic acid supplementation, the inci-
dence of chronic disease, and drug use during pregnancy.
In the study survey performed in Rwanda by Mutesa et
al., 2010, the prevalence of different genetic diseases was
identified among 345 patients. In this study, it was found
that the most prevalent genetic disease was Trisomy 21
(18.26%). Other identified syndromes include Robert-
sonian translocation 21 (0.58%), Edward syndrome or
trisomy 18 (0.87%), and Patau syndrome or trisomy 13
(1.16%). The least prevalent among the surveyed diseases
studied were Trisomy 10p, deletion 13q, mosaic Turner
syndrome, Cat eye syndrome, mosaic cat eye syndrome
and balanced translocation, both of which were 0.29%
[14].

The most common and routine reason to refer a preg-
nant woman for prenatal diagnosis is when an anomaly is
identified during an ultrasound scan of the fetus. Another
rare reason is a high-risk result from screening tests on
maternal blood during pregnancy. It is worth noting that
almost all mothers older than 39 are in danger or at risk
of transmitting or transmitting a genetic disorder to their
offspring, so women of this age should seek genetic test-
ing during their pregnancy. Other common referrals for
genetic testing include a family history of genetic dis-
ease. Discrimination against people with chronic disabili-
ties (primarily caused by genetics) might take the form
of job rejection, health insurance denial, or just social
acceptability. This leads to the marginalization of these
individuals and significantly compromises the principles
and goals of public health. It is worth noting that inte-
grated clinical and social support systems, which incor-
porate genetic disease and predisposition counselling for
patients and their families, can lead to better patient care
and treatment as well as an improved quality of life [15].

Genetic information or results usually have an impact
not only on the person being tested but also on their rela-
tives across generations. One of the numerous applica-
tions of genetic testing is to assist couples in becoming
aware of the hereditary traits of their born and unborn
children. Another benefit of genetic tests is that they
allow people to learn about their hereditary propensity
for disease [2]. In many African countries, including
Rwanda, prenatal genetic testing and premarital genetic
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screening for couples are not in place. In most cases, pre-
natal diagnosis includes testing for some infectious dis-
eases, such as HIV and syphilis, as well as for the ABO
and Rh blood groups. However, screening for genetic
diseases is not done, mainly because the facilities and
required resources to carry out genetic testing are not
available or adequate. It is obvious that if genetic services
are not in place, genetic counselling could not be imple-
mented as well. However, at least genetic history-taking
and a little counselling based on the history should be
done. In an endeavor to diminish hereditary diseases,
many communities and other stakeholders encourage
couples to undergo genetic testing before getting mar-
ried and on the fetus during pregnancy to evaluate any
disease risk [15, 16].

Awareness and attitudes vary internationally across
continents, countries, and regions. In addition, these
variables vary again according to different types of peo-
ple, communities, and particular social determinants of
health. In a study performed worldwide by Henneman
et al.,, 2013, the results from study participants showed
that the expectation of genetic and genome improve-
ment achieves its goals with time [17]. The results from
this study convinced genetic experts that genetic test-
ing is being applied and that understanding genetic ill-
nesses assists people in living longer lives; thus, testing
should be applied widely and intensively. These positive
results were made in 2002 and 2010, just after 10 years
of the Human Genome Project implementation. In fact,
in 2002 and 2010, 817 (63%) and 978 (70%) participants
responded positively, respectively. The authors, how-
ever, highlight that worries about inequities remain with
regard to insurance coverage. The study, again in 2010,
found that people were more interested in knowing their
genetic make-up.

While there are studies done on genetics and genetic
diseases, there is no single research done in Rwanda
about awareness, attitudes, and acceptability towards
genetic diseases or genetic intervention. The lack of
genetic awareness and positive attitudes towards genetic
testing pose consequences for newborns, including con-
genital genetic diseases that would have been prevented,
taken care of, or prepared psychologically using genetic
counselling for parents, children, the entire family, and
throughout generations at large. Moreover, the accept-
ability of genetic intervention is not yet known, and this
could inform policy on the way forward in establishing
and improving genetic services. Thus, the aim of this
study was to assess awareness, attitudes towards genetic
diseases, and acceptability of genetic interventions
among pregnant women in Burera District, Rwanda.
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Research methodology

Study design, setting, data collection, and variables

This study was a cross-sectional study design that was
conducted on 664 pregnant women in six (6) selected
health centers in Burera district, located in the north-
ern province of Rwanda. The sample size was calculated
using the Fisher et al. formula [18]. The study applied a
quantitative approach in which a sampling method with
multiple stages (multistage sampling technique) was
used. In the first stage, six health centers were selected
randomly, and then in the second stage, pregnant women
visiting Antenatal Care (ANC) were selected system-
atically (every second pregnant woman was considered).
However, the starting point was selected from the two (2)
first pregnant women. The main tool of data collection
was a questionnaire that was reviewed and validated by
the research team (principal investigator and coprincipal
investigators). It comprises five major sections: demo-
graphics questions, obstetric questions, awareness ques-
tions, attitudes questions, and acceptability of genetic
interventions such as establishing and improving genetic
services in the areas of screening, testing, and counsel-
ling. A Likert scale score of 1 to 3 was used to collect
data on awareness. Attitudes ranged from strongly agree,
agree, neutral, to strongly disagree. Acceptability was col-
lected as either yes or no.

Statistical analyses

Data were entered in a database created using MS Excel
and then exported to STATA Version 15. Quantitative
data analysis entailed descriptive/univariate, bivariate,
and multivariate analyses. Descriptive analyses were
computed using frequency, percentages, the mean, and
the standard deviation to summarize the basic charac-
teristics of the respondents. The awareness assessment
focused on types of genetic disorders, causes, transmis-
sion, and prevention of genetic diseases. For the aware-
ness assessment score, after aggregating, those who
scored 77.77% and above were categorized as having
adequate awareness, and those below 77.77% were cat-
egorized as having inadequate awareness. For attitudes,
the respondents who scored 71.42% and above were clas-
sified as having positive attitudes, whereas those who
scored below 71.42% were considered to have negative
attitudes. For acceptability level towards use of genetic
interventions, respondents who scored 71.42% and above
(5 and above out of 7) were classified as having a high
acceptability level towards use of genetic interventions,
whereas those who scored below 71.42% were considered
to have a low acceptability level towards use of genetic
interventions. In bivariate analysis, a chi-square test was
applied to assess the association between dependent and
independent variables. Multivariable analysis was per-
formed to control confounding variables and determine
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the strength of the association. The significance level was
set at 5%. The data are presented using tables.

Results

Demographic and obstetric characteristics of the study
participants

The demographic and obstetric characteristics of the
study participants are described in Table 1.
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Table 1 shows the demographic characteristics of the
study participants. Most of the participants were in the
age group of 21-30 (50%), had attained primary school
(66.1%), were married (91.1%), were Christians (98.4%),
were in social economic category II (55.6%), were farmers
(92.7%), and many used public health coverage (96.6%).
Very few participants were diagnosed with GD (0.7%),
a few had relatives diagnosed with GD (7.3%), very few

Table 1 Demographic and obstetric characteristics of the study participants

Characteristics Outcome n (%)

Taking alcohol Outcome n (%)

Age, Mean (Min, Max) 28 (16-48)

Age groups

16-20 94(14.2)

21-30 332(50.0)

31-40 196 (29.5)

41-49 42(6.3)
Education

No formal education 130 (19.6)

Primary 438(66.1)

Secondary and above 95(14.3)
Marital status

Single 54(8.1)

Married 605(91.1)

Divorced/separated 5(0.8)
Religion

Christian 653(98.4)

Muslim 11(1.7)
Economic category

| 117(17.7)

Il 369(55.6)

1l 178(26.9)
Occupation

Farmer 615(92.7)

Civil servant 20(3.0)

Private and Business 29(4.4)
Health insurance

Public health cover 641(96.6)

Civil servant and private health cover 23(3.5)
Ever diagnosed a GD

Yes 5(0.7)

No 659(99.3)
Any relative (in at least 3 generations) diagnosed with GD

Yes 0-2

No 6-Mar
Living with a chronic disease 7+

Yes 4(0.6)

No 660(99.4)
Smoking

Yes 1(0.2)

No 663(99.8)
My partner smoke

Yes 15(2.3)

No 649(97.7)

Yes 103(15.5)

No 561(84.5)
My husband takes alcohol

Yes 269(40.5)

No 395(59.5)
Frequently eat vegetables

Never or rarely 486(73.2)

More often 178(26.8)
Frequently eat fruits

Never or rarely 443(66.7)

More often 221(33.3)
Receiving iron supplement from Health Facility

Yes 664(100)

No 0
Reception of Vit B9 supplement

Yes 0

No 664(100)
Having a small vegetable yard at home

Yes 544(81.9)

No 120(18.1)

Obstetric characteristics
Have you ever had any birth defects

Outcome n (%)

Yes 11(1.7)
No 653(93.4)
Have you ever had Still birth
Yes 17(2.6)
No 647(97.5)
Pregnancy trimester
| 198(29.9)
Il 208(31.4)
Il 258(38.7)
Number of pregnancies
360(54.2)
269(40.5)
35(5.3)
Number of parities
0-2 480(72.3)
6-Mar 168(25.3)
7+ 16(2.5)
First ANC trimester
I 386(58.2)
Il 170(25.6)
Il 98(14.8)

*GD: Genetic disease
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participants were smokers (0.2%), and a few were tak-
ing alcohol (15.5%). Although many people have a small
yard of vegetables at home, a small number frequently
take vegetables (26.8%) and fruits (33.3%). Health facili-
ties regularly provide iron to pregnant women, but they
have not yet started the provision of folate. The table also
shows the obstetric characteristics of the study partici-
pants. Most of the participants did not have birth defects
(93.4%), did not have stillbirths (97.5%) and were in the
third trimester of gestation (38.7%). Many pregnant
women reported having 3—-6 pregnancies; however, the
total delivery peak was between 0 and 2 (72.3%). This
means that there were some significant abortions among
the participants. In addition, many pregnant women who
visited antenatal care services were in their first trimester
(58.2%).

Rwanda’s socioeconomic state is measured using the
poverty social category developed by the Minister of
Local Government and Social Affairs in 2015. There are
four income groups, with the first being extremely poor,

Table 2 Awareness of the study participants

Characteristics n (%)
General awareness about genetic diseases
Ever heard about genetic disease
Yes 332(50)
No 332(50)
Whether know any genetic disease
Yes 307(46.2)
No 357(53.8)
Are genetic diseases contagious/infectious
Yes 159(23.9)
No 505(76.1)
Whether aware of existence of genetic tests
Yes 312(46.9)
No 352(53.1)
Knowledge of risks/exposures towards developing GD
for a pregnant woman
Marriage between closed relatives
Yes 453(68.2)
No 211(31.8)
Smoking for pregnant woman
Yes 383(57.7)
No 281(42.3)
Exposure of secondary smoke to pregnant woman
Yes 324(48.8)
No 340(51.20)
Taking alcohol during pregnancy
Yes 293(44.1)
No 371(55.9)
Not eating a balanced diet for a pregnant woman?
Yes 581(87.5)
No 83(12.5)

*GD: Genetic disease
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the second poor, the third self-sustaining, and the fourth
prosperous [19].

Awareness of the study participants
The awareness of the study participants is described in
Table 2.

Table 2 demonstrates the awareness level score among
the study participants. The true answer was scored 1,
whereas the wrong answer was scored zero. The overall
awareness score was out of 9. Scores less than 7 were con-
sidered inadequate awareness, whereas scores of 7 and
above were considered adequate awareness. The results
showed that the overall proportion of respondents who
had an adequate awareness score was 29.5%, whereas
70.5% of the participants had inadequate awareness. The
results also showed that half of the participants heard
about GD. More than half (53.8%) of the participants did
not know of any example of a genetic disease. A good
percentage of participants (23.9%) thought that genetic
diseases were contagious. A total of 53.1% of the partici-
pants were not aware of the genetic tests that could be
applied in genetic testing. Although more than half of the
participants have good knowledge about risks that could
lead to GD for a pregnant woman, a great number of par-
ticipants believe that taking alcohol (55.9%) and exposure
to secondary smoke (51.2%) cannot cause a risk of devel-
oping a genetic defect in a pregnant woman.

Attitudes of the study participants
The attitudes of the study participants are described in
Table 3.

Table 3 describes the attitudes of the study partici-
pants. A positive attitude was scored 1, whereas a nega-
tive attitude was scored zero. The overall awareness score
was out of 7. Scores less than 5 were considered nega-
tive attitudes, whereas scores of 5 and above were con-
sidered positive attitudes. The overall positive attitude
score among study participants was 87.1%, whereas the
overall negative attitude score was 12.9%. In addition, it
was found that many pregnant women support prena-
tal genetic testing (97%) as a method of genetic disease
screening for the fetus, even if the anomaly is not found
during ultrasound. Many participants (22.1%) in this
study revealed that they cannot consent to abortion in
case a fetus is found to have a serious disease that may
cause death in utero or early in life. Many pregnant
women felt that it was important to screen asymptomatic
children for genetic diseases they were at risk of, even if
there was no current treatment or prevention in place.
Surprisingly, a very few participants (3%) agree that
genetic screening for couples is necessary before getting
married, and only 26.1% of couples should stop marriage
if a genetic disease is found while screening. Moreover,
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Table 3 Attitudes of the Study Participants
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Table 4 Acceptability or willingness of genetic interventions

Variables n (%)
I support prenatal genetic testing as a way of genetic
disease screening
Yes 644 (97.0)
No 20(3.0)
| can consent for abortion in case a serious genetic disease
is found in my fetus
Yes 147 (22.1)
No 517(77.9)
I'think it is good to screen asymptomatic children for ge-
netic diseases they are at high risk of
Yes 544 (81.9)
No 120(18.1)
I'think it is necessary to go for genetic testing for a couple
before getting married
Yes 644 (97.0)
No 20(3.0)
I think couples should stop marriage in case of any serious
genetic disease identified
Yes 491 (73.9)
No 173 (26.1)
Itis good to screen a population for genetic diseases
Yes 645 (97.1)
No 19 (2.9)
I believe genetic counselling is vital
Yes 658 (99.0)
No 6 (1.0)

only 1% of the participants believe genetic counselling is
important.

Acceptability or willingness of genetic interventions
The acceptability or willingness of genetic interventions
is described in Table 4.

Table 4 describes the acceptability of genetic interven-
tions among respondents. The true answer was scored
1, whereas the wrong answer was scored zero. The over-
all acceptability score was out of 7. Scores less than 5
were considered low acceptability, whereas scores of 5
and above were considered high acceptability. Accord-
ing to the results found, there was a high acceptability
level among participants (97.1%), whereas only a low
percentage (2.9%) showed a low level of awareness. In
addition, according to the table, 97.4% of the partici-
pants confirmed that if needed, they would transfer to
another health facility that provides genetic services.
A good number (98.8%) of the participants would use
genetic counselling if available at a health facility. In addi-
tion, 48% of the participants would use preimplantation
using in vitro fertilization for subsequent pregnancies if
the first one was identified to have a genetic disease that
would probably be heritable or at risk of being passed
on through generations. Furthermore, regarding fail-
ure to conceive naturally, 62.2% of the pregnant women

Variables Outcome
n (%)
I would wish to use genetic testing if available
Yes 657 (98.9)
No 7(1.1)
I would move to another health facility where genetic
services can be accessed
Yes 647 (97.4)
No 17 (2.6)
I would be happy if genetic services are integrated in
routine healthcare services
Yes 652 (98.2)
No 12(1.8)
If a genetic disease is identified during my pregnancy, |
would consent for preimplantation diagnosis and In vitro
fertilization for the next pregnancy
Yes 251(37.8)
No 413 (62.2)
I can consent for my child to be tested/screened for genetic
disorders
Yes 653 (98.3)
No 110.7)
I would wish to use genetic counselling services if available
Yes 656 (98.8)
No 8(1.2)
If natural conception means fail, | can consent for preim-
plantation using invitro fertilization
Yes 319 (48.0)
No 345 (52.0)

consented that they should go for any means of in vitro
fertilization that would be in place and in accordance
with the possible problems that could be identified dur-
ing diagnosis, including genetic disease.

Awareness, attitudes, and acceptability categories by
participants’ characteristics

Table 5 demonstrates the awareness, attitudes, and
acceptability categories based on the participants’
characteristics.

Table 5 shows that awareness of GD is influenced by
the level of education, history of GD in the family and
possession of small yards at home (p<0.05, specifically all
have p<0.01). Regarding attitudes, it was found that atti-
tudes were strongly affected by age, religion, occupation,
health insurance, history of birth defects, stillbirth, and
gestational trimester (p<0.05). In terms of acceptability
or willingness to use genetic services, it was found that
the level of acceptability or willingness was not affected
by participant characteristics (neither demographic nor
obstetrics), p>0.05.
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Logistic regression of factors associated with awareness,
attitudes, and acceptability towards GD and genetic
interventions

Table 6 describes the logistic regression of factors associ-
ated with awareness, attitudes, and acceptability.

As illustrated in Table 6, it was found that the odds of
developing adequate awareness for participants with pri-
mary education were 3.8 times higher than those with no
formal education. Subsequently, the odds of developing
adequate awareness for participants with secondary edu-
cation were 5.9 times higher than those with no formal
education. Moreover, the odds of developing adequate
awareness for participants with no history of genetic
diseases were 0.3 less likely than those with a history of
genetic diseases (aOR: 0.3, CI: 0.2-0.6, and p<0.01). The
results also showed that participants aged 16-20 were
more likely to develop adequate attitudes compared to
the rest of the age groups. It was also noted that the odds
of developing positive attitudes in pregnant women with
primary education were 2.2 times more likely than those
with no formal education (aOR: 2.2, CI: 1.2-4).

Again, the odds of developing positive attitudes in
Muslims were 0.2 times less likely than in Christians
(aOR: 0.2, CIL: 0.1-0.8) compared to their fellow Chris-
tians. From the same table, the odds of developing posi-
tive attitudes in pregnant women who never experienced
stillbirth were 0.2 times less likely than those who expe-
rienced it (aOR: 0.2, CI: 0.1-0.6). The odds of develop-
ing a high acceptability level in pregnant women who
supported marriage between close relatives were 1.9
times more likely than those who discouraged marriage
between close relatives.

Association between awareness and attitudes in relation to
the acceptability of genetic interventions
Table 7 compares the influence of awareness and atti-
tudes towards the acceptability of genetic testing and
counselling services among participants.

Table 7 shows an association between awareness and
attitudes in relation to the acceptability of genetic inter-
ventions, and it was found that there was a statistical
significance between attitudes towards genetic diseases
and acceptability towards genetic services (p<0.01). The
awareness level was not associated with the acceptability
or willingness level towards the use of genetic services
(p>0.05).

Association between awareness and attitudes in relation to
the acceptability of genetic interventions

The findings from Table 8 demonstrated that the odds of
developing a high acceptability level towards the use of
genetic services in pregnant women with positive atti-
tudes were 5.3 times more likely than those with negative
attitudes (aOR: 5.3 [2.1-13.5]).

Page 7 of 14

Discussion

In the current study, most of the participants were in
the age group of 21-30 (Table 1). In addition, the aware-
ness level of genetic disease was inadequate (at 70.5%),
whereas only 29.5% proved to have adequate awareness
(Table 2). Furthermore, the overall positive attitude score
among research participants was 87.1%, and many preg-
nant women (97%) accepted prenatal genetic testing as
a method of screening for genetic diseases in the fetus.
However, only a small percentage of individuals (3%)
believe that genetic screening for couples before marriage
is important (Table 3). Moreover, the level of accept-
ability towards the utilization of genetic services was
97.1%. In addition, 98.9% of the pregnant women agreed
that they would use genetic testing services if available,
and 97.4% confirmed that they would consent to trans-
fer to another health facility where the genetic services
are offered (Table 4). There was an association between
views and acceptance of genetic services but not between
awareness and acceptance (Tables 7 and 8).

In a study conducted in Nigeria in 2018, it was found
that 69.4% of the participants enrolled in the study had
knowledge of genetics and genetic diseases. In the same
enrolled participants, 97.6% had very little knowledge
about prenatal genetic disease testing or screening, 23.9%
had positive attitudes towards genetic testing, and only
10.1% supported termination (abortion) of the affected
pregnancies [20]. These findings were different from
those of the current study, where the awareness level
was found to be 29.5% (Table 5). Only 22.1% of the par-
ticipants in the current study consented to go for abor-
tion in case a very serious genetic disease was identified
in the foetus during pregnancy. In a study conducted in
Saudi Arabia by Arafah et al.,, 2021, 62.7% of the partici-
pants responded that they could abort if the prenatal test
showed that the embryo had a genetic disorder. It is evi-
dent that the decision on abortion could be affected by
demographic and cultural characteristics. Furthermore,
in this research performed by Arafah et al., 2021, mar-
ried subjects (30%) were more willing to take part in the
research than single (17%) subjects, which agrees with
the current study, where 91.1% of the participants were
married, whereas 8.1% were single (Table 1).

In the cross-sectional study conducted on the Viseg-
rad countries’ understanding, awareness, and attitudes
towards genetic testing, these countries showed slightly
different attitudes and awareness towards the testing of
genetic illnesses. The results of this study revealed that
Hungarian citizens had a more positive view of the per-
sonal gains or benefits (with a mean of 3.64) of going to
genetic testing, whereas Czech, Slovak, and Polish citi-
zens followed with a mean of 3.36. It was found that Slo-
vak citizens had quite a significant belief (mean of 2.78)
compared to Hungarians (mean of 2.68). The Hungarian
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Table 6 Logistic regression of factors associated with awareness,
attitudes, and acceptability towards genetic diseases and genetic
interventions

A. Awareness
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Table 7 Association between awareness and attitudes in
relation to the acceptability of genetic interventions

Variables

Low
accept-
ability,

High
accept-
ability, n

N p
Value

Variables 95% CI P
value
aOR* Lower Upper
Education
No formal education 1
Primary 38 20 6.8 “0.01
Secondary and above 59 29 12.0 “0.01

First ANC trimester
| 1

Il 0.7 0.5 1.1 0.104

Il 0.5 0.3 09 0.042
Any relative (in at least last 3 genera-
tions) diagnosed with GD

Yes 1

No 03 0.2 0.6 <0.01
B. Attitudes
Age groups

16-20 1

21-30 0.3 0.1 0.8 0.018

31-40 03 0.1 09 0.028

41-49 0.8 0.2 37 0.749
Education

No formal education 1

Primary 2.2 12 4.0 0.006

Secondary and above 1.2 06 25 0.636
Religion

Christian 1

Muslim 0.2 0.1 08 0.019
Have you ever had any birth defects

Yes 1

No 03 0.1 1.2 0.088
Have you ever had Still birth 1

Yes 1

No 0.2 0.1 0.6 0.004
My partner smoke

Yes 1

No 4.7 1.6 14.2 0.006
Frequently eat vegetables

Yes 3.1 1.5 6.3 0.002

No 1
C. Acceptability/willingness

Marriage between closed relatives

Yes 19 0.7 5.0 0.202

No 1

Exposure of secondary smoke to
pregnant woman

Yes 22 07 6.5 0.16

No 1

n (%) (%)

Awareness towards genetic
diseases

Inadequate (Score of less than ~ 17(3.6) 451(96.4) 468  0.066
68%)

Adequate (Score of 68% and
above)
Attitudes towards genetic

diseases

2(1.0) 194(99.0) 196

Negative (Score of less than 8(9.3) 78(90.7) 86 <0.01
68%)

Positive (Score of 68% and
above)

Total

11(1.9) 567(98.1) 578

19(2.9) 645(97.1) 664

Table 8 Logistic regression between attitudes and acceptability
of genetic services

Variables Ad- 95% Cl P
justed value
Odds  Lower Upper
Ratio

Awareness (Overall score)

Adequate (score of 7 and above)  3.45 0.9 6.7 0.076

Inadequate (Score less than 7) 1.00

Attitudes towards genetic

diseases

Positive (Score of 5 and above) 530 2.1 135 <0.001

Negative (Score less than 5) 1.00

*Predicted probabilities are of membership of high acceptability of genetic
services

public demonstrated a high level of acceptance in regard
to the availability and use of genetic testing (mean of
3.87), and the Czech people came in second among the
four countries. Slovaks were the least supportive, with
a mean of 3.36 [21]. Some of these agreed with the cur-
rent study, where 97.1% of the participants showed that it
is beneficial for a general population to undergo genetic
testing (Table 3). In addition, the results from the current
study revealed a high acceptability level (97.1%) towards
the use of genetic services that include genetic testing
and genetic counselling (Table 4).

The study conducted in Pakistan by Tariq et al., 2018,
on the assessment of knowledge, attitudes, and prac-
tices among pregnant women in Pakistan highlighted the
need for education about screening for congenital con-
ditions [22]. This study revealed that pregnant women
were not aware of congenital hypothyroidism (CH) and
its implications for the lives of their children. In addition,
they were not aware that an early diagnosis could help
in treating the condition. Although the specific objec-
tives were slightly different, these results agree with the
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current study, where many pregnant women showed
inadequate awareness (70.5%) about genetic diseases.
Some examples from the current study showed that half
of the participants did not hear about genetic diseases,
whereas only 46.2% knew some examples of genetic dis-
eases. Again, some participants (23.9%) indicated that
genetic diseases are contagious, which is totally wrong. A
good number of pregnant women (53.1%) did not know
that there are some laboratory tests that could be used to
diagnose genetic diseases (Table 2).

Attitudes and knowledge on genetic testing among
Jordanians, conducted by Khdair et al., 2021, found that
65.4% of the participants had good knowledge about
genetics [23]. The major predictors of this factual knowl-
edge in this study were level of education, employment
or study in a health-care context, and monthly earnings.
However, the participants showed that they perceived
low knowledge about medical uses, with 39.5% and
23.9% showing that genetic findings may have possible
social implications or effects. Regarding attitudes, 91.5%
of the participants showed positive attitudes towards
genetic testing. The predictors of these positive attitudes
were high education and participants with better factual
knowledge. Although the current study showed inad-
equate knowledge of genetic disease, it was found that
the level of education, pregnancy trimester, first visit to
ANC, having a family history of GD, and having a small
yard of vegetables at home influenced the level of aware-
ness and knowledge of genetic diseases (Table 5). More-
over, the level of education and first visit to the ANC were
found to have a unique contribution to developing aware-
ness about genetic diseases. The results regarding atti-
tudes agreed with the current study, where 87.1% showed
positive attitudes towards genetic diseases (Table 5). The
major factors that influenced attitudes were age group,
education, religion, history of birth defects, history of
stillbirth, having a smoking partner, and frequency of
vegetable intake. In particular, the age range, education
level, religion, history of stillbirth, and frequency of veg-
etable intake had unique contributions to attitudes, as
evidenced by the adjusted odds ratios and p <0.05 shown
in Table 6. It is worth noting that religion influence could
have also been due to the overall number of Christians
(98.4%) [Table 1].

In the study conducted by Ogamba et al., 2018, on
genetic diseases and prenatal genetic testing, focusing
on knowledge and attitudes in Nigeria, it was found that
69.4% of the participants did not have good knowledge
about genetic diseases, whereas 61.8% were comfortable
undergoing genetic testing. According to the findings,
23.9% of the participants had positive, better, or favor-
able attitudes towards genetic testing. Moreover, only
10.1% of the respondents supported the termination
of affected pregnancies [20]. This study agrees with the
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current level of knowledge, whereas in the current study,
the lack of knowledge about genetic diseases was high
(Table 5). However, the current study demonstrated a
good positive attitude (87.1%), and 98.9% of the pregnant
women showed comfortability to undergo genetic testing
if facilities and resources were allowed (Table 4). The cur-
rent study showed that 22.1% could terminate pregnancy
(almost more than half compared to the Ogamba et al,
2018 study).

The InterGEN study looked at the attitudes of Afri-
can American moms toward genetic testing. A meta-
data study showed that there is a major negative attitude
toward genome studies, especially genetic testing of
African origin. The results highlighted that from 2005 to
2015, all 80% of the participants were of European ances-
try, whereas approximately 2.4% of the participants were
of African origin. The same negative belief or attitude
towards genetic testing was also observed in Americans
of African ancestry. The study results also revealed that
positive attitudes towards genetic testing were correlated
with demographic factors such as higher levels of income.
On the other hand, negative predictors of negative atti-
tudes towards genetic testing were maternal age, country
of origin, education, and religion [24]. Although in the
current study, the level of negative attitudes was lower
than that of positive attitudes, the results revealed that
participants who attained primary education were found
to have more positive attitudes. On the other hand, some
religions (Muslim), pregnant women who never experi-
enced stillbirth, participants aged between 21 and 30 and
31-40 and smoking history were found to be predictors
of developing negative attitudes towards genetic diseases
(Table 6). In another study conducted by Farsi et al., 2014,
in an Oman region, 84.5% of the participants suggested
that premarital carrier screening (PMCs) is necessary,
whereas 49.5% supported that PMCs should be manda-
tory for everyone [25]. In another study conducted by
Otovwe et al., 2019, in Nigeria, it was found that 50.6% of
the participants had poor knowledge of marital genotype
screening, while 63.20% had poor attitudes [26]. There
was an established relationship between a family history
of sickle cell disease (a genetic disease that runs in fami-
lies) and the knowledge of the participants, who showed
poor knowledge and negative attitudes towards genetic
screening prior to getting married.

In the study done by Kvaratskhelia et al., 2021, on pub-
lic attitudes toward genetic testing in Georgia, the major-
ity of respondents showed that they are more curious
about predictive genetic testing (75.3%); 40.6% of partici-
pants said they would rather get tested only for illnesses
that can be treated or prevented [27]. In addition, in the
same study, 65% of parents preferred that their children
be screened for late-onset diseases, whereas 73% pre-
ferred carrier testing before conception. Furthermore,
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59% of the respondents were not worried about the stig-
matization of the disability results from genetic testing.
These results agreed with the current study, where a great
number (98.3%) could consent for their children to be
screened for genetic diseases, whereas 97% of the partici-
pants confirmed that couples should undergo premari-
tal genetic testing before marriage. In the current study,
86.7% of the pregnant women confirmed that genetic dis-
eases in families could cause persistent familial conflicts,
family plans and goals not being achieved, and breaking
marriages (Tables 3 and 4). In another study conducted
in Saudi Arabia by Arafah et al.,, 2021, the results showed
that 87% of participants preferred getting tested before
marriage, and the same number would not conceive if
their child were predicted to fully suffer from genetic dis-
orders [28].

In the study done in the Netherlands by Morren et al.,
2007, on the perception of patients with chronic dis-
eases’ genetic knowledge, attitudes toward genetic test-
ing, and the link between these variables, they found that
the genetic information was much lower in older people
and less educated people [29]. These findings agree with
those of the current study, where the odds of developing
adequate awareness were 3.8 times higher for pregnant
women who attained primary education than for those
with no formal education (Table 6). In the same current
study, the odds of developing adequate awareness were
5.9 times higher for pregnant women who had attained
secondary education and above compared to those with
no formal education (Table 6). Moreover, in the current
study, it was statistically found that attitude level was
statistically associated with the acceptability of genetic
interventions (Tables 7 and 8).

In the study conducted by Maftei and Dénila at Roma-
nia University in 2022 on attitudes towards genetic test-
ing and implications for disability, there was variation
among participants towards attitudes towards genetic
testing [30]. In this study, religious individuals showed
more concern for genetic testing as far as demographics
were concerned. Furthermore, it was shown that regard-
ing termination of pregnancy, information about having
a deaf child comes first (35.8%) and major depressive dis-
order (MDD) (35.2% of respondents). Participants also
showed different degrees of worry in relation to prena-
tal screening and ethical controversies. In the current
study, the odds of developing a positive attitude towards
genetic diseases were 0.2 times less likely compared to
Christians (Table 6). Religion was not associated with
developing adequate or inadequate awareness (Table 5).
In addition, in the current study, there was no relation-
ship between being religious and the development of
high or low acceptability towards the use of genetic test-
ing or counselling (Table 5). The findings by Maftei and
Dénila disagree to some extent with the current study
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regarding pregnancy termination and prenatal testing.
In the current study, a great number (975%) of partici-
pants supported prenatal genetic testing as a method of
genetic disease screening. However, a moderate percent-
age (22.1% of respondents) would consent to pregnancy
termination if the fetus is at risk of serious genetic condi-
tions (Table 3).

In a study performed by Adane et al, 2020, it was
found that in sub-Saharan Africa, the prevalence of neu-
ral tube defects is 2.98 per 1000 newborns [1]. Neural
tube defects and hydrops fetalis are rare disorders found
in the fetus, and some of them are thought to be caused
by underlying genetic conditions [31]. It was found that
the genetic cause of some of these forms, including spina
bifida or nonimmune hydrops fetalis, is more common in
teenage mothers. In a study performed by Adane et al,,
2020, it was found that neural tube defects are due to a
lack of folic acid supplementation during pregnancy [1].
Although the current study did not focus on determining
the prevalence of neural tube defects, it is worth noting
that more participants were aged 21-30 (50%), and 14.2%
were aged 16-20. The genetic cause of hydrops fetalis
has been linked with a deficiency of folic acid (vit B9),
which is essential in DNA synthesis. Teenage mothers
frequently suffer from this deficiency, and subsequently,
the fetus is at risk of developing a neural tube defect. In
the current study, although all participants confirmed
the receipt of iron (100%) from health facilities, 0% indi-
cated that they did not receive folic acid (vitamin B9)
from their health facilities. It is therefore recommended
that the health facility and/or stakeholders in charge of
nutrition advise on how the provision of vitamin B9
could be provided to young pregnant women to prevent
this predisposition to developing hydrops fetalis. Accord-
ing to studies, pregnant women who include folic acid
in their diets dramatically lower their risk of giving birth
to a child with a neural tube defect. It is advised that all
women of childbearing age take a daily vitamin supple-
ment containing 400 micrograms of folic acid. Dark green
vegetables, egg yolks, and select fruits are foods high in
folic acid. A woman is more likely to become pregnant
again with a neural tube defect if she already has a child
with spina bifida, has spina bifida herself, or has had a
pregnancy affected by any neural tube defect in the past.
These women should take more folic acid as prescribed
before and during the first trimester of pregnancy.

In the study conducted in Saudi Arabia by Arafah et
al.,, 2021, 56.2% of the participants supported govern-
ment running facilities for national citizens to be tested
or screened for genetic diseases [28]. In the current
study, 97.4% affirmed that they would accept transfers
to go where genetic services are operational, and 98.2%
supported that genetic services should be integrated
into general health care services. This suggests a need to
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improve and establish genetic services that include car-
rier genetic screening, prenatal genetic screening, and
genetic counselling in health care settings that are well
channeled and accessed by many, especially those who
are in need of using them.

Conclusion

The study results revealed that the awareness level of
genetic disease is 29.5%. Thus, education is needed for
the public about the predisposition, inheritance, and
management of genetic diseases. The level of accept-
ability and willingness towards the utilization of genetic
testing and genetic counselling was 97.1%. This highlights
that although participants have little awareness, they are
willing to use genetic services. In addition, 98.2% of the
participants wish to have genetic services integrated into
general healthcare systems. Therefore, there is a need
to improve genetic interventions in terms of screening,
diagnosis, and management of genetic diseases to reduce
and prevent associated morbidities and mortalities.
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