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Abstract: Introduction: Birth defects are a significant concern since they can lead to permanent
disability and death. This study comprehensively reviews the prevalence and patterns of birth defects
in Saudi Arabia. Methods: A systematic analysis of the literature retrieved from three databases (Pub
Med, Science Direct, and the Saudi digital library) published between 1989 and 2022 was performed.
Observational studies that addressed the prevalence and patterns of birth defects in Saudi Arabia
were chosen based on the eligibility criteria, while systematic reviews, review articles, non-relevant
articles, and studies that did not fulfill the eligibility criteria were excluded. Quality and risk of bias
were evaluated based on the JBI and GRADE tools, respectively. Results: We identified 26 eligible
publications of 1277 records that included 297,668 patients from different regions of Saudi Arabia.
The highest overall prevalence of birth defects was 46.5 per 1000 live births compared to a lowest rate
of 8.6 per 1000 in one study. Several studies have reported positive associations of consanguinity,
maternal folic acid supplementation, family history of birth defects or genetic abnormalities, and
maternal co-morbidities. The most frequent birth defects include cardiac, genitourinary, craniofacial,
and nervous system defects. Conclusion: Robust findings have improved our understanding of the
prevalence and pattern of birth defects in Saudi Arabia. Importantly, future studies will likely require
multicenter collaboration to arrive at appropriate sample sizes in the context of the effects of risk
factors on elevated prevalence. Furthermore, quantitative data require careful evaluation in more
complex statistical models.
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1. Introduction

Birth defects (BDs), congenital anomalies, or congenital malformations develop dur-
ing intrauterine life and may or may not be discovered until later in life. These defects
result in lifelong disability and mortality, contributing to almost 20% of infant deaths [1,2].
The World Health Organization (WHO) described a BD as a significant abnormality that
presents as physical, functional, or mental disability at birth [3]. Birth defects may impact
one or more organ systems and might be isolated or appear in a recognizable combination
or pattern. The four main recognized patterns of BDs are syndromes, sequences, devel-
opmental field defects, and associations. A syndrome refers to a particular BD pattern
associated with unique clinical features. A sequence occurs when a single malformation
results in the development of subsequent anomalies. At the same time, developmental
field defects defined as a pattern of BDs caused by an underlying disturbance in a localized
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embryological region. Last, an association refers to a pattern of malformations that do not
share an exact pathogenesis but occur more frequently together than by chance [4,5].

Birth defects occur at varying frequency worldwide, and according to a global report,
3.3 million children younger than the age of 5 die from significant birth abnormalities every
year. [6]. The prevalence in the United States was 29.2 per 1000 live births; in Europe it
was estimated by the European Surveillance of Congenital Anomalies (EUROCAT)to be
23.9 per 1000, while in sub-Saharan Africa, it is 20.4 per 1000 live births [7–9].

Although most BDs are idiopathic, 10% of BDs arise from modifiable risks that can
be changed or revised, and primary birth BD prevention consists of promoting healthy
eating habits and preventing maternal infections during pregnancy. These modifiable risks
include maternal medical conditions, substance abuse, infection, medications, radiation,
hyperthermia, and folic acid insufficiency [10–12]. However, non-modifiable risk factors,
such as maternal age, family history, and a previously affected child, cannot be changed or
prevented, thus influencing BD development [13,14].

In Saudi Arabia, birth defects remain the leading cause of death among children, with
high rates of consanguineous marriage and genetic diseases [15,16]. Many independent
studies have been conducted in Saudi Arabia, and a significant variation in the prevalence
of birth defects has been observed. The absence of public health measures, especially
in high-risk populations, is often attributed to the lack of epidemiological data. This
systematic review aimed to assess the prevalence of birth defects in Saudi Arabia and
determine the patterns according to the available data.

2. Methods
2.1. Study Design and Registration

This systematic review aimed to estimate the prevalence and pattern of birth defects
in Saudi Arabia. In addition, similarities and disparities in the existing evidence and
literature were examined to obtain conclusive results. The International Prospective Reg-
istry of Systematic Reviews (PROSPERO) registered this systematic review protocol on
25 February 2023 under registration number CRD42023398821.

2.2. Search Strategy

We conducted electronic literature searches, including of Pub Med (National Library
of Medicine), Science Direct, and the Saudi digital library, for studies published between
January 1989 and January 2022. A structured design based on the Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) Guidelines and a checklist were used
to select and review studies included in the review, and they were used as a foundation
for reporting systematic reviews with goals other than evaluating interventions [17]. More
details about PRISMA checklists are provided in Table S1 in the Supplementary Document.

In addition, we conducted Medical Subjects Heading (MeSH Database) and keyword
searches for non-MeSH data. The keywords employed for the search were “Prevalence”
OR “Epidemiology” AND “Birth defects” OR “Congenital Abnormalities” OR “Congenital
Malformation” OR “Congenital Anomalies” AND “Pattern” OR “types” OR “sub-types”
AND “Saudi Arabia” OR “KSA”. A manual search for identified references from included
studies, relevant reviews, and gray literature was performed to find further relevant studies
not found in the database search.

2.3. Study Selection and Eligibility Criteria

This review included original observational research that included cohort, case-control,
cross-sectional studies, case reports, and case series published in English, as no related
studies in Arabic were found within the aforementioned time. In addition, systematic
reviews, review articles, non-relevant articles, and studies that did not fulfill the eligibility
criteria were excluded. Two researchers (TT and MH) screened the studies and assessed
their eligibility for inclusion. Data abstraction was mediated by three researchers (KA, EE,
and OA). Subsequently, one researcher (EE) assessed the quality of each study.
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PICO was used to define the inclusion criteria as follows.
Population/Patients: Patients (males and females of all ages) diagnosed with birth

defects, including cardiac, craniofacial, musculoskeletal, nervous, genitourinary, gastroen-
terological, and chromosomal defects. Study eligibility criteria: Inclusion Criteria: Patients
diagnosed with birth defects, studies that calculated the prevalence of birth defects, studies
that calculated risk factors of birth defects, and studies reporting the characteristics of differ-
ent patterns of birth defects. The exclusion criteria omitted studies involving non-humans,
opinion papers, editorials, previous reviews, studies validating epidemiological methods,
and non-accessible articles.

Intervention/Exposure: This review summarizes data on the epidemiology of birth
defects, specifically the prevalence.

Control: Not Applicable.
Outcomes: The primary outcomes of this systematic review were the prevalence and

patterns of birth defects in Saudi Arabia. The number of newborns delivered with birth
defects divided by the total number of babies born during the study period who were
enrolled in the study multiplied by 1000 was calculated to estimate the prevalence. At the
same time, the main group patterns of birth defects were broadly classified according to
the International Classification of Diseases coding system into the nervous, cardiovascular,
genitourinary, craniofacial, musculoskeletal, and gastrointestinal systems and chromosomal
defects [18]. In addition, subgroups were considered, as some studies reported specific
patterns alone, such as cleft lip and palate or congenital heart disease. Other outcomes,
such as the risk factors and clinical outcomes also were also considered.

2.4. Data Extraction and Management

Two authors screened the titles and abstracts, and then all authors discussed the
full texts to apply the inclusion criteria and to discuss any disagreement regarding study
selection. Studies that did not meet the eligibility criteria were documented for reasons
and excluded. Data were extracted manually and transferred to data extraction forms and
included the following: name of the first author, year of publication, location, study design,
total number of participants, and sample size of individual studies, including the number
of patients who were diagnosed with a birth defect, characteristics of the participants (age,
gender, associated co-morbidities), methods of diagnosis, and pattern of birth defect.

2.5. Synthesis of the Evidence

The Joanna Briggs Institute (JBI) provides freely available critical assessment tools for
systematic reviews, designed to be study-specific and presented as checklist questions.
A critical assessment checklist for observational studies is used to evaluate the quality,
reliability, validity, and relevance to practice of the studies [19]. Two JBI checklists were
used: one for cohort studies and the other for cross-sectional studies, as shown in the
bar charts in Figures 1 and 2. For certainty of evidence, the GRADE working group
graded the evidence used and rated it as high, moderate, low, or very low certainty
(GRADE). Subgroup and stratified analyses were performed according to age, sex, and
birth defect patterns.
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Figure 2. Risk of bias of cohort studies utilizing JBI checklist [21,41–44].

3. Results
3.1. Search Results

The databases revealed 1277 records of birth defect prevalence and contributing
variables in Saudi Arabia through a systematic search based on the PRISMA guidelines
from three databases: PubMed (n = 348), SDL (n = 492), and Science Direct (n = 437),
as demonstrated in the flow diagram (Figure 3). All identified papers were managed
manually, and n= 1088 articles were excluded for duplication (n = 146) or ineligibility
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by automated tools (n = 942). The titles and abstracts were screened (n = 189), and ac-
cordingly, n = 151were excluded (n = 38). Full-text papers were extracted for a more
comprehensive evaluation. Twenty-six papers were included in the systematic review
and n = 12 were excluded since they are not meeting the inclusion criteria. Seven studies
out of the eligible studies were identified to determine the overall prevalence of birth
defects [20,23,26,33,38,39,41]. Eighteen additional studies were added for the prevalence
of the subtypes of birth defects [21,24,25,27–32,34–37,40,42–45], and one case report was
added for the associated one birth defect [45].
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3.2. Characteristics of Included Studies

The main features of the included studies that were a part of this systematic review
are listed in Table S2. Retrospective study designs were used for 14 (53.8%) of the studies,
compared to seven (27%) prospective designs, and there was one case report. These
studies were conducted between 1989 and 2020. Eleven studies (42.3%) were conducted
in Riyadh [20,23,30,32–34,37–40,44], three (11.5%) in Jeddah [31,35,38], and three(11.5%) in
Madinah [21,24,42]. The sample size, excluding the one case report, ranged from 42 in one
study to 45,682 in a prospective, cross-sectional, community-based study, including the
13 administrative regions of Saudi Arabia [25,41].

3.3. Prevalence of Birth Defects

As shown in Table S2, the highest overall prevalence of birth defects was 46.5 per
1000 live births in a prospective study that included 30,632 babies; this rate was compared
to a lower prevalence of 8.6 per 1000 in a retrospective study conducted in Al Ahsa that
included 37,168 live births [30,43]. When considering the study period, four prevalence
studies (two for Riyadh, one for Al-Ahsa, and one for Al-Khobar) could be included in
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the prevalence estimates [20,30,36,43]. These four studies reported birth defects from 1992
to 2013, with prevalence rates of 41.5, 46.5, 8.6, and 17 per 1000 live births, respectively.
Although another comprehensive study of 13 administrative regions in Saudi Arabia
estimated the prevalence of birth defects to be 16.9/1000 in all Saudi regions, it included an
age range extending to 19 years old, making it incomparable to other studies [25].

3.4. Pattern of Birth Defects

Seven studies assessed the overall birth defects: four in Riyadh, two in Al Ahsa,
and one in Al-Khobar. As shown in Figure 4, the most prevalent birth defects were
cardiovascular, genitourinary, and craniofacial [20,23,30,36,42–44].
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Studies involving specific subgroups of birth defects have also been conducted. Five
studies reported cleft lip and palate in particular [22,32–35] and non-syndromic cleft lip and
palate (CLP) in affected children. Three studies involved cardiac birth defects and showed
the predominance of acyanotic CHDs, namely ventricular septal defects (VSDs) and atrial
septal defects (ASDs) [21,26,41]. Generally, congenital heart disease frequently shows a
higher prevalence than other birth defects [20,23,30,43,44].Genitourinary defects appeared
to have a high prevalence in four studies [20,23,30,44], with one study conducted in Riyadh
showing a prevalence of 19.8/1000 live births and an antenatal prevalence of 21.3/1000 [30].
Additionally, another study enrolled 81 children with ambiguous genitalia and concluded
that congenital adrenal hyperplasia was the most common cause of this defect [40]. The
incidence rate of digestive system defects was 1.3/1000, with imperforate anus and trachea–
esophageal fistula/atresia constituting a higher percentage of birth defects [27].Nervous sys-
tem defects contributed to birth defects in nine studies [20,23,24,30,36,37,39,43,44].Neural
tube defects (NTDs) showed percentages ranging between 4.6% to 10.6% [20,23] and a
prevalence of 6.1/1000 in one study [30], whereas hydrocephalus showed a prevalence of
1.6/1000 live births [24].Chromosomal abnormalities included Down syndrome (6.6/10,000)
as the most typical birth defect [25,29,36,44].
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3.5. Risk Factors Associated with Birth Defects

Twelve of the included studies [20,22–25,29–31,39,42–44] reported relationships be-
tween consanguinity and birth abnormalities, which are highly prevalent in the Saudi
population. Other risk factors, such as maternal folic acid supplementation, family history
of birth defects or genetic abnormalities, and maternal co-morbidities, were reported in
several studies [20,24,26,27,36,39,40,43,45]. Male sex was associated with birth defects in
two studies [34,35]; however, female sex was a risk factor in one study [28]. Table S3 shows
the risk factors in the five studies for each risk’s related odds ratio.

4. Discussion

In this systematic review of observational studies, we noted that the prevalence of
birth defects in Saudi Arabia ranged from 8.6/1000 to 46.45/1000 [30,43]. However, three
extensive studies conducted in Riyadh showed higher prevalence rates of 41.1, 41.2 and
46.4/1000 live births [20,30,44], which were higher than the international prevalence [7–9].
This higher prevalence might be attributed to many factors, such as the hospital-based
study design used in most studies included in this review. In addition, the enrollment of
the referred patients from other areas to Riyadh hospitals, which are specialized tertiary
hospitals in the capital of Saudi Arabia, could potentially have increased the prevalence,
resulting in inaccurate estimates. Additionally, the high rate of consanguinity in Saudi
society, which is a direct and known cause of birth defects, increases the prevalence of
certain types of congenital defects compared to international data [46].In the Al Khobar
study, the prevalence was 17/1000 live births, which is relatively lower than the global
prevalence of birth defects [36]. This result can be compared to that of a comprehensive
study of 13 administrative regions in the Kingdom of Saudi Arabia, in which the prevalence
of birth defects was estimated to be 16.9/1000 in all regions of the kingdom [25]. However,
the age range in the subsequent study was broad, up to 19 years old, which could have
influenced the prevalence, resulting in a lower rate because most fatal birth defects could
not be accounted for. Moreover, a later study focused on calculating selective patterns of
birth defects.

According to WHO estimates, approximately 94% of severe birth defects occur in low-
and middle-income countries and are indirectly influenced by the socioeconomic status of
these countries [3]. However, the included studies were performed in specific cities of Saudi
Arabia and did not provide a conclusive reflection of the Saudi community. Therefore,
an epidemiological survey encompassing the whole of Saudi society and considering
other variables, such as dietary practices and social, cultural, and other environmental
factors, should be employed to determine the actual prevalence of birth abnormalities in
any community.

Our study showed that the most frequent birth defects in Saudi Arabia were cardio-
vascular, genitourinary, and craniofacial defects. In previous studies, the prevalence of
cardiovascular birth defects showed a tendency toward acyanotic heart disease, primarily
ventricular septal defects [21,26]. Genitourinary defects also showed a higher prevalence
that reached 21/1000 in a more extensive study with a predominance of hydronephrosis,
which was seen as an isolated birth defect in most infants [30]. Regarding craniofacial
anomalies, the most prevalent defect was cleft lip and palate, with a predominance of
the non-syndromic type that was significantly correlated with the male [33–35]. This dis-
tribution pattern of our studies contrasts those in an Arab context, such as an Egyptian
study that reported the musculoskeletal system, followed by the central nervous system, as
the most common site of birth defects [47]. Another study in Iraq reported that the most
common birth defects were in the central nervous system, followed by the musculoskeletal
and gastrointestinal systems [5]. Additionally, international data have shown that mus-
culoskeletal and nervous system and cardiovascular birth defects are the most prevalent
worldwide [8,9,48–50].These discrepancies could be attributed to regional differences in
risk factors for particular birth defects.
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In this review, the associations of consanguinity with birth defects were reported in
12 studies; however, four extensive studies calculated odds ratios between 1.5 and 3.3, as
shown in Table S3 [20,42–44]. The Saudi community is well known in the Arab context to
have a high prevalence of consanguine marriage that reaches up to 50%, with an average
inbreeding coefficient of 0.02265, which is higher than that of many other communities
Socio-demographic factors, such as education and regional ancestry, were associated with
a propensity for inbreeding [16].

In five studies, we found that maternal factors such as age > 40 years old, obesity
with BMI > 30 and maternal diabetes mellitus were significantly associated with birth
defects among neonates, with higher odds ratio of 2.1, 7.8 and 2.7, respectively, as shown
in Table S3 [20,38,39]. It is well established that advanced maternal age is linked to a
significant decrease in the number of healthy, high-quality oocytes produced, increasing
the risk of premature births, infertility and congenital birth defects, such as chromosomal
abnormalities [51]. Additionally, many studies have reported significant associations of
maternal obesity with congenital heart defects, neural tube defects and genitourinary
defects [52–54]. Diabetes mellitus is a well-established direct cause of birth defects through
mechanisms that affect the growing embryo, known as diabetic embryopathy [55].

Many other risk factors showed significant associations with birth defects, such as a
family history of birth defects, folic acid supplementation during pregnancy and socioe-
conomic status; mothers with low socioeconomic status and a positive family history of
birth defects were 2.3 times more likely to have babies with birth defects. According to one
study, 65–75% of birth defects are believed to have multi-factorial and probable origins. The
most common genetic causes are chromosomal abnormalities (5%) and single-gene diseases
(15–20%), which are strongly related to a family history of birth defects. Environmental
exposures, such as uterine abnormalities, maternal illnesses, drug misuse, infections, medi-
cations, radiation, hyperthermia and chemical exposure, caused the remaining 10% of birth
abnormalities [10,11,56].

This review provides data on the prevalence and pattern of birth defects in Saudi
Arabia. We identified an appropriate number of studies (26 articles) from different regions
of Saudi Arabia that showed variable prevalence, patterns and risk factors, reflecting the
context of this country compared with global data. However, certain limitations of the
current review should be considered before extrapolating. First, most of the included
studies were retrospective studies with numerous expected uncontrolled biases in the data
collection and enrollment or poor record keeping. Second, abortions and stillbirths were
excluded in some studies; subsequently, this omission might have reduced the magnitude
of the prevalence by lowering the number of diagnosed birth defect cases, resulting in a
discrepancy in prevalence between the studies. Third, the lack of genetic maps to track the
genetic problems in particular cases may contribute to the lower prevalence of chromosomal
or genetic problems compared to other patterns of birth defects. Finally, the various patterns
and proportions of consanguinity reduce the degree of national generalization of the results
but contribute a nugget of knowledge to what is already known.

5. Conclusions

Birth defects were discovered to be significantly more prevalent in Saudi Arabia
than expected based on data from other countries. This high prevalence may be partially
explained by the high rate of consanguinity, the hospital-based study design based on
survey methodology or studies confined to certain hospitals reflecting the limitations of
Saudi society. Further comprehensive, multicenter research in all regions of Saudi Arabia
to describe the prevalence is recommended. In addition, it is necessary to establish a Saudi
registry for birth defects and a database for the regional distributions of fetal malformations.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/pediatric15030040/s1, Table S1. PRISMA 2020 Checklist; Table S2. The
study characteristics; Table S3. Risk factors associated with birth defects.
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