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ABSTRACT

Introduction: Congenital Anomalies (CAs) present as structural, functional, or metabolic
defects, resulting in long-term impairment and a decrease in quality of life. This research
provides a comprehensive overview of CAs in neonates across 14 Yemeni governorates, a
significant yet overlooked public health concern.

Objectives: To determine the patterns and associated factors of Congenital Anomalies (CAS) in
14 Yemeni governorates in 2021- 2023.

Methods: The study employed a Case-Control 1:2 framework, utilizing secondary data from
various health facilities from 2021 to 2023 across 14 governorates in Yemen. The study
compared 612 neonates with CAs to 1224 controls of healthy neonates from similar
socioeconomic backgrounds. Data was then digitized and analyzed using Epi info version 7.2,
where bivariate and multivariate logistical regression was used to identify factors associated with
CAs (p <0.001), in addition to T-test, and chi-square.

Results: The majority of the CAs identified were located in Al-Hudaydah (34%), 1bb (17.2%),
and Sana'a (13.1%). Most of the CAs were isolated 518 (84.64%), whereas 94 (15.36%) were
multiple. The highest percentage of CAs that we found were those of the nervous system
(33.9%), followed by the skeletal system (14.8%) and orofacial anomalies (10.6%). Furthermore,
significant statistical associations were found with CAs and positive consanguinity (OR=27.637),
low socioeconomic class (OR=11.427), maternal age >35 years old (OR=8.264), low neonatal
birth weight <2500g (OR=4.675), stress (OR=4.456), acute diseases (OR=2.759), positive family
history (OR=1.955), gestational age <37 weeks, (OR= 1.630), grand-multiparity (OR=0.599) and
male sex (OR=0.1034).

Conclusion: This study identified that the predominant CAs in 14 Yemeni governorates were
isolated. The majority were those of the nervous system, skeletal system and orofacial anomalies.
Statistically significant associations were identified with positive consanguinity low
socioeconomic class, maternal age >35 years old, low neonatal birth weight <2500g, stress, acute

diseases, positive family history, gestational age <37 weeks, grand-multiparity and male sex.

Keywords: Congenital Anomalies, Associated Factors, Yemen.
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CHAPTER 1: INTRODUCTION



1.1 Background

In the vast tableau of human health, congenital anomalies (CAs) are an imperative and frequently neglected
thread. They can be detected prenatally, at birth, or later in infancy and may present as structural,
functional, or metabolic anomalies, resulting in long-term impairment and a diminished quality of life. The
prevalence and types of CAs vary by country, and even within a country, from area to region (Figure 1.1.).
This depends on the definition of CAs adopted, the method of their identification, the length of time, the
population under surveillance, the ethnic and socioeconomic characteristics of the community investigated
(1,2). CAs are the major cause of neonate mortality and morbidity worldwide and one of the primary

contributors to the global burden of disease.

According to severity, CAs are categorized into major and minor anomalies. (3) They can also be divided
into three categories: minor, severe, and lethal anomalies. Major anomalies are regarded as both severe and

lethal. (4) However, worldwide, CAs are categorized according to the impacted body system. (5)

About 25% of CAs are significantly influenced by genetic factors. Single-gene problems, which arise from
gene mutations and chromosomal abnormalities, constitute around 10% of affected children, and are the
two most frequent genetic causes of CAs. (6,7) Thousands of more children, which constitute 8-12%, are
born with severe birth defects as a result of maternal exposure to environmental toxins (teratogens) that can
harm an unborn child, including alcohol, rubella, syphilis, and iodine deficiency. Additionally, 20-25% are
thought to be multifactorial and 40-60% cannot be linked to a specific cause. (8)

Globally, the prevalence rates of CAs ranges from 2% to 6%, and about 8 million neonates are born with
CAs annually, with significant variations. (9-11). Due to pronounced differences in maternal health and
other significant risk factors, such as poverty, elder mothers, positive consanguineous marriages, and the
protective factor against malaria for carriers of sickle cell, thalassemia and glucose-6- phosphate
dehydrogenase, both the proportion of births with CAs and the absolute number of births are much higher in
middle-income and low-income countries than in high-income countries (12-15). For instance, the

prevalence of CAs in Yemen, Egypt, Ethiopia, Kenya, Uganda and Nigeria (16-20) is higher than the



prevalence in India, Iran, and Britain (9-11). Moreover, antenatal care visits and adequate nutritional
practices such folic intake can significantly reduce the incidence of CAs(17,21).

Additionally, CAs significantly contribute to the global burden of diseases. An estimated 295,000 neonates
die annually before they reach the age of four weeks due to their congenital disorders and complications.
They also result in lifelong disability and health disorders and account for 25.3-38.8 million disability-
adjusted life years (DALY's), which could be prevented with timely surgery or other interventions. (22,23)
Furthermore, about 3.2 million neonates born with CAs each year are predicted to become disabled in the
absence of suitable treatment. According to a conservative estimate, CAs are responsible for approximately
3.3 million deaths annually. This estimate takes into account both the 50% of infants who pass away in low-
income nations and the 30% of high-income and middle-income countries who are born with major CAs

that are mostly or completely genetic.

Although CAs are a worldwide concern, they especially have a negative impact in middle-income and low-
income nations, where they are responsible for almost 94%t of major CAs and 95%t of children’s deaths.
Nationally in Yemen, CAs are responsible for roughly >69.9 births per 1000 births and one-fifth of all
disabilities while non-contagious illnesses and injuries account for the remaining 15-16 % of disabilities
according to the National Health and Demographic Survey in Yemen conducted in 2013 (24) Additionally,
one out of 10 neonates is born with CAs in a recent study conducted in a tertiary hospital in Sana’a, Yemen
by Thabet SA et al (2017).
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Figure 1. 1: Birth Defects Overview. Source: March of Dimes Global Report (2006)



Countries with middle-income and low-income levels often have higher birth prevalence of post-conception
birth abnormalities caused by teratogens. It is highly unlikely that they have methods to diagnose or
quantify defects caused by such exposure. As a result, they frequently have few, if any, laws governing the
use of some of these chemicals, and their health services are rarely focused on recognizing and limiting
exposure. Every year, an undetermined number of infants with severe birth abnormalities caused by

teratogens are surely born, most likely in the hundreds of thousands. (25,26)

Moreover, the ongoing grave war in Yemen, a country on the southern tip of the Arabian Peninsula, has
shattered what was once a prosperous country, resulting in the deterioration of the health infrastructure and
the unprecedented doubling of CAs. In light of this, the study of CAs becomes not just a scientific
endeavor, but a pressing humanitarian concern. Yet, research is scarce on CAs in Yemen, particularly
regarding their patterns and associated factors. Studies that have already been conducted in Yemen
primarily focus on conflict-related rates or are restricted to a certain hospital (27) or governorate (28)
constituting a critical gap in knowledge. By conducting comprehensive and generalized research, we can
contribute to the cross-cultural global understanding of CAs by providing valuable insights specific to
Yemen's context to facilitate the development of global strategies for their prevention and management.
This is imperative since treatment and rehabilitation of children with CAs is costly and complete recovery is

usually impossible. (29)

Hence, eradication of risk factors and enhancement of protective factors can significantly mitigate the
burden of CAs. Imperative interventions include regular Antenatal Care and maintaining a healthy weight
and adequate nutrition, minerals, and vitamin intake, especially folic acid; abstaining from tobacco and
other harmful substances; avoiding infections linked to CAs; and limiting exposure to radiation and heavy

metals in the environment. (23)

Yemen's healthcare system faces resource constraints and limitations (30) making it crucial to allocate
available resources efficiently by identifying high-risk populations and associated factors. This will enable
policymakers and healthcare providers to carry out tailored health interventions, promote health literacy,
and advocate for policy changes to reduce the incidence of CAs. This case-control study aims to estimate

the pattern and associated factors of CAs in 14 Yemeni governorates.

4



1.2 Statement of the Problem

The increasing incidence of CAs and the financial burden of diagnosis, treatment, and rehabilitation among
neonates in Yemen pose a major health concern. It is crucial to identify their patterns and associated factors
to mitigate their impact on children's quality of life and the economic stability of their families. This study
IS beyond statistics; it is about the neonates grappling with CAs, their families, and communities. More
importantly, it is about illuminating this dark corner of global health towards a healthier, more equitable

world.

1.3 Study Justification

Considering the lack of generalized studies on CAs and the existence of few studies restricted to only
certain hospitals, governorates, or body systems, this hinders a complete understanding of the patterns and
distribution of these anomalies and their associated factors across Yemen. Thus, a broader comprehensive
study can help inform healthcare strategies and interventions on a larger national level. Despite generalized
research being limited, the statistics and reports on CAs are widely available in different hospitals across
Yemen. Still, these scattered and fragmented sources of information require gathering and analysis to draw

common patterns and factors associated with it.

The findings of this study will highlight the disease burden and identify associated factors. This will help
policymakers and healthcare providers prioritize resources, put prevention strategies into practice, and
create tailored interventions to meet the needs of affected individuals and communities. These interventions

can include health education, screening programs, genetic counseling, and early prevention.



1.4 Aims and Objectives

1.4.1 General Objectives

To determine the patterns and associated factors of congenital anomalies (CAS) in 14 Yemeni governorates.

1.4.2 Specific Objectives

e To determine the most common patterns of CAs among neonates in Yemen according to distribution
among governorates and according to body systems.

e To assess the relationship between CAs and maternal socioeconomic demographics.

e To assess the relationship between CAs and neonatal socioeconomic demographics.

e To determine the possible associated factors responsible for these anomalies.

e To determine the protective factors.

1.4.3 Research Questions

e What are the patterns of CAs among neonates in Yemen?
e Are there any differences in the CAs in various maternal and neonatal demographics?

e What are the most important associated factors of CAs among neonates in Yemen?



CHAPTER 2: LITERATURE REVIEW



2.1 Clinical Overview

Congenital anomalies (CAs), commonly referred to as birth defects, include structural, functional, or
metabolic abnormalities that arise during fetal development and are present at birth. These anomalies can
significantly impact the health and well-being of newborns, leading to long-term disabilities, morbidity, and
mortality. Malformations, deformations, disruptions, and dysplasia are specific terms employed to describe
CAs (Figure 2.1) accurately. Additionally, CAs can manifest as independent isolated cases affecting a

single organ or system, or as distinctive patterns in the form of Syndromes, Sequences, Field Defects, and

Associations (Figure 2.2). (22,23)

MALFORMATION

Defect of organs or body
parts due to an
intrinsically abnormal
developmental process.

DYSPLASIA

Anomalies that result
from the abnormal
organization of cells into
tissues

and
due

DEFORMATION

Abnormalities of the shape

position of body parts
to extrinsic intrauterine

mechanical forces that modify

a normally formed structure.

DISRUPTION

Defects of organs or body parts
that result from destruction of
or interference with normal
vascular development.

Figure 2. 1: Descriptive Terms of CAs. Source: Adapted from Uptodate (2023).

SYNDROME

A pattern of a
group of anomalies
that occur together B development that
and are associated M triggers a cascade
with specific signs  of successive
and symptoms. anomalies.

A single known
defect in

Anomalies that
result from the
disturbances in a

developmental
field—a contiguous
physical space
within the embryo.

Two or more
unrelated anomalies
co-occur more
frequently than

expected by chance.

Figure 2. 2: Manifestations of CAs. Source: Adapted from Uptodate (2023).



Although the exact source of these impairments is frequently unknown, genetic abnormalities and/or
environmental exposures are to blame. Several. Genetic causes of CAs include chromosomal disorders,
single-gene disorders, somatic mutation/mosaicism, and multifactorial disorders. Environmental causes
include multiple gestation pregnancies and teratogens. A teratogen is a substance that can cause

abnormalities in the shape or function of a developing fetus (Table 2.1). The pattern and type of

malformation are influenced by both the time of exposure and the site of gene action.

Table 2. 1: Common Environmental Causes of CAs. Source: Adapted from Uptodate (2023).

Substance

Angiotensin-converting
enzyme inhibitors and
angiotensin receptor
blockers

Carbamazepine

Phenytoin

Valproic acid

Antidepressants

Antituberculous therapy

Cyclophosphamide,
chemotherapeutic agents
and immunosuppressive
agents

Alleged fetal effects
Drugs

Fetal hypotension: anuria ,oligohydramnios,
renal tubular dysgenesis, pulmonary
hypoplasia, cranial bone hypoplasia, fetal
growth restriction and death.

Antiseizure medications

Facial dysmorphology, neural tube defects,
cardiovascular defects, and urinary tract
defects.

Fetal hydantoin syndrome

Spina bifida, facial dysmorphology, autism,
atrial septal defect, cleft palate,
hypospadias,polydactyly,craniosynostosis, and
limb abnormalities.

Neonatal Respiratory Distress, preterm birth,
major cardiac malformation, Spontaneous
abortions, low birth weight, neonatal serotonin
syndrome, neonatal behavioral syndrome
(withdrawal), and persistent pulmonary
hypertension of the newborn.

Paraaminosalicylic acid: ear and limb defects
and hypospadias.

Cyclophosphamide: when used during
organogenesis, fetal bone marrow inhibition
may occur.

Exposure Timing

2" & 3" Trimester

1%t Trimester

18 - 60 days
postconception
(organogenesis)

18 - 60 days post
conception
(organogenesis)

1%t and 3" Trimester

15t and 2" trimester

2" and 3" trimesters:
fetal growth restriction
and pancytopenia


https://publications.aap.org/pediatrics/article/146/1/e20192493/77032/Prenatal-Antidepressant-Use-and-Risk-of-Adverse
https://publications.aap.org/pediatrics/article/146/1/e20192493/77032/Prenatal-Antidepressant-Use-and-Risk-of-Adverse
https://publications.aap.org/pediatrics/article/146/1/e20192493/77032/Prenatal-Antidepressant-Use-and-Risk-of-Adverse
https://publications.aap.org/pediatrics/article/146/1/e20192493/77032/Prenatal-Antidepressant-Use-and-Risk-of-Adverse
https://publications.aap.org/pediatrics/article/146/1/e20192493/77032/Prenatal-Antidepressant-Use-and-Risk-of-Adverse

Ethanol

Glucocorticoids
Lithium therapy

Macrolides (eg,
azithromycin,
clarithromycin,
erythromycin)

Minoxidil

Methimazole

Methotrexate

Misoprostol

Mycophenolate mofetil

Penicillamine
(D-penicillamine)

Progestin therapy

Fetal alcohol syndrome (microcephaly,
intellectual disability, growth restriction, facial
dysmorphogenesis, small palpebral fissures.

low risk for cleft palate
Ebstein anomaly

Cardiovascular and Genital Defects

Hair growth in the fetus and hirsutism in
newborns.

Aplasia cutis, tracheoesophageal fistulas, patent
vitellointestinal duct, choanal atresia,
omphalocele, and omphalomesenteric duct
anomaly.

Pregnancy loss, growth restriction,
microcephaly, meningomyelocele, intellectual
disability, decreased ossification of the
calvarium, hypoplastic supraorbital ridges,
small low-set ears, micrognathia, and limb
defects.

Vascular disruptive phenomenon, such as limb-
reduction defects and Mobius syndrome. (Low
risk)

1% trimester exposure associated with
miscarriage, abnormalities of the brain, ears,
eyes, distal limbs, heart, esophagus, kidney, and
cleft lip/palate.

Lathyrism the results of poisoning by the seeds
of the genus Lathyrus, causing collagen
disruption, cutis laxa, and hyperflexibility of
joints. The condition seems to be reversible,
and the risk is low.

Fetal masculinization (High doses)

10

1%t Trimester: fetal
alcohol-related CAs; 2"
and 3" trimesters: fetal
alcohol
neurodevelopmental
disorders

1%t Trimester
15t Trimester

1t Trimester for cardiac
defects; 1%, 2" and 3™
Trimesters for genital
defects

1% Trimester
1% trimester (especially

weeks 6 - 10)

18 - 60 days post-
conception
(organogenesis)

15t and 2" trimester

15t trimester

Timing is not clear

3" Trimester



Propylthiouracil
Retinoids

Streptomycin

Sulfa drugs and vitamin K
Tetracycline
Trimethoprim

Vitamin A

Warfarin and warfarin
derivatives

lonizing radiation

Radioactive isotopes

Carbon monoxide
Lead

Goiter in infants

Systemic retinoic acid, isotretinoin, and
etretinate can cause increased risk of CNS,
cardioaortic, ear, and clefting defects such as
microtia, anotia, thymic aplasia, other branchial
arch and aortic arch abnormalities, and certain
congenital heart malformations.

Low risk: Ototoxicity
Hemolysis and kernicterus
Bone and teeth staining

Neural tube defects, cardiovascular defects and,
oral clefts.

Doses to produce CAs would have to be over
25,000 to 50,000 units/day.

Early exposure during pregnancy can result in
nasal hypoplasia, stippling of secondary
epiphysis, and intrauterine growth restriction.
CNS malformations can occur in late pregnancy
exposure because of bleeding.

Radiation

Radiation exposure above a threshold of 20 rad
(0.2 Gy) can increase the risk for microcephaly
or growth retardation, but the threshold for
intellectual disability is higher.

Tissue- and organ-specific damage depends on
the radioisotope element and distribution (ie,
high doses of lodine-131 administered to a
pregnant woman can cause fetal thyroid
hypoplasia after the eighth week of
development).

Chemicals
Very high exposure is linked to anomalies.

Very high exposures more than 20
microgram/percent can cause pregnancy loss.

11

Throughout gestation

1%t trimester

Throughout gestation
2" and 3™ Trimesters
2" and 3" Trimesters

15T trimester
15t trimester

15t trimester

15t trimester

After 8" week

Throughout Pregnancy



Gasoline

Methyl mercury

Toluene (used in paint)

Cytomegalovirus infection

Rubella

Herpes simplex
HIV
Parvovirus infection, B19

Syphilis

Toxoplasmosis

Varicella zoster

Zika virus

Facial dysmorphology, intellectual disability,
embryopathy from exposure due to gasoline
addiction.

Minamata disease (cerebral palsy,
microcephaly, intellectual disability, blindness,
and cerebellum hypoplasia). Present
environmental levels of mercury are unlikely to
represent a teratogenic risk, but reducing or
limiting the consumption of carnivorous fish
has been suggested to avoid exceeding the
maximum allowed exposure.

Facial dysmorphology, intellectual disability,
embryopathy from exposure due to toluene
addiction.

Embryonic and fetal infections

Retinopathy, CNS calcification, microcephaly,
intellectual disability. Occurs in 30 to 50% of
primary infections.

Deafness, congenital heart disease,
microcephaly, cataracts, intellectual disability.
Occurs in up to 80% of fetuses with a primary
infection.

Fetal infection, liver disease, death.
Perinatal HIV infection.
Stillbirth, hydrops.

Maculopapular rash, hepatosplenomegaly,
deformed nails, osteochondritis at joints of
extremities, congenital neurosyphilis, abnormal
epiphyses, chorioretinitis.

Hydrocephaly, microphthalmia, chorioretinitis,
intellectual disability.

Skin and muscle defects; intrauterine growth
retardation; limb reduction defects, CNS
damage (very low increased risk).

Microcephaly, intracranial calcifications,
intellectual disability.
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pregnancy

Up to 16 weeks
although more
significant in the 1% 2
months of pregnancy

Throughout pregnancy
Throughout pregnancy
till 20 weeks gestation

Throughout pregnancy

Throughout pregnancy

15t trimester

Up to 20 weeks
gestation



Maternal disease states

Corticosteroid-secreting Infantile hyperadrenocorticism.
endocrinopathy

lodine deficiency Embryonic goiter and intellectual disability.
Maternal androgen Masculinization of female fetuses.
endocrinopathy (adrenal

tumors)

Maternal diabetes with Increases the risk of a wide variety of CAs;
poor glycemic control cardiac abnormalities are most common.

Maternal folic acid in low Neural tube defects.
amounts

Maternal phenylketonuria = Abortion, microcephaly, and intellectual
disability; very high risks in untreated patients.

Maternal starvation Intrauterine growth restriction, abortion, neural
tube defects.

Tobacco smoking Fetal growth restriction, stillbirth, anomalies of
the heart, limbs, skull, genitourinary system,
feet, abdominal wall, small bowel, and muscles.

Zinc deficiency Neural tube defects.

Furthermore, CAs can be classified into major and minor malformations (Figure 2.3). Major malformations
are defined as those with substantial impacts on society and/or medicine. These are frequently fatal or
necessitate surgical correction. Common significant abnormalities include neural tube anomalies such as
meningomyelocele and orofacial clefts. They are seen in 2-4% of the population, depending on the
population examined. While minor malformations are cosmetic. They seldom have a major medical impact
or require surgery. They are a portion of the normal variance found in the overall population. A few

examples of minor deformities are single transverse palmar creases, ear tags, and clinodactyly. (22,23)

Imaging, laboratory testing, and clinical examination are used to diagnose congenital abnormalities. A
comprehensive physical assessment must be carried out. Measurements of particular bodily parts, such as
arm span and lower/upper segment, are frequently taken in children in addition to normal measurements of
weight, length, and head circumference. These measurements are done to assess certain illnesses, such as

skeletal dysplasia and connective tissue disorders. (22,23)
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Moreover, the placenta and umbilical cord in neonates and fetuses should also be checked, since congenital
cardiac abnormalities are linked to a two-vessel cord, and a damaged placenta (chromosomal mosaicism in
the placenta, vascular abnormalities such as thrombi or infarction) that interferes with growth might cause
intrauterine growth retardation. In some cases, examining family members could help determine whether
any anomalies exist. The infant with holoprosencephaly is one instance. A single incisor or hypotelorism in
one of the parents could be a modest sign of the same condition, which may have gone unnoticed on earlier
exams. (22,23)

The clinical presentation also guides laboratory studies. Initially, the presence of chromosomal
abnormalities is investigated, and genetic testing is performed (for both the newborn affected and the
parents) as the primary focus for the majority of newborns with birth defects. Furthermore, additional
testing may be conducted to determine the presence of specific infectious agents, including TORCH
(Toxoplasmosis, Other, Rubella, Cytomegalovirus, and Herpes virus), as well as maternal autoimmune
disorders. (22,23)

A variety of imaging investigations, such as brain computed tomography (CT) and magnetic resonance
imaging (MRI) scans, echocardiograms, and relevant radiography, should be carried out to help uncover
abnormalities that are not readily noticed through physical examination. Postmortem pathology
examinations are essential for making a diagnosis and offering suitable counseling in the event of
stillbirths.(22)

Thus, understanding the patterns and associated factors of CAs is crucial for effective prevention,
management, and intervention strategies. This literature review aims to provide a comprehensive overview
of the most updated and highest-quality research on the patterns and associated factors of CAs among
newborns. (22,23)
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MAJOR & MINOR CLASSIFICATION OF CAs
SKULL

MAJOR MINOR

Abnormal Hair Whorls

Anencephaly

. .
* Encephalocele + Frontal Bossing
* Holoprosencephaly « Plagiocephaly
* Hydrocephaly + Flat Occiput

.

Metopic Fontanel

EYES

MAJOR MINOR

Microphthalmia + Epicanthal Folds
N « Hypo/Hyper-telorism
* Anophthalmla + Slanting Palpebral Fissure
+ Colobomas + Short Palpebral Fissure
« Synophrys

Ptosis

EARS

MAJOR MINOR
+ Microtia
(Type 11 -1V)

lobe - attached, notched, or bifid
Type 1 Microtia

Lop Ear or Cup,Shaped Ear
Protruding Ear

Ear Tags or Preauricular sinuses

MOUTH & THROAT

MAJOR MINOR
Cleft Lip Micro/Macro-ostia
Cleft Palate Bifid Uvula
Severe Micrognathia Multiple Frenula

Macro/Microglossia Micrognathia
Retrognathia

NOSE

MAJOR

* Flat Bridge « Philtrum (Long,
* Anteverted Nostrils short, flat)

MAJOR MINOR

Short neck
Webbing
Redundant skin
Branchial sinuses

* Cystic Hygroma

MAJOR MINOR

* Pectus excavatum

+ No or hypoplastic
clavicles

+ Extranipples

* Widely spaced nipples

MAJOR MINOR

+ Meningomyelocele Sacral Dimples
+ Spina bifida

GENITALIA

MAJOR MINOR
* Ambiguous * Shawlscrotum
Genitalia * Vaginal tags

* Minor hypospadias

EXTREMITIES

MAJOR MINOR

Cubitus valgus

Dimples over major joints

Fifth finger clinodactyly

Single transverse palmar crease
Bridge crease

Tapered fingers or Nail hypoplasia
Persistent finger pads (fetal pads]

+ Absent or limb deficiencies

+ Polydactyly, syndactyly,
polysyndactyly

+ Ectrodactyly

CARDIAC

MAJOR

Transposition of the

great vessels

+ Interrupted aortic arch type B

+ Total anomaly of pulmonary
venous return

+ Hypoplasia or coarctation

of the aorta

Tetralogy of Fallot
Truncus arteriosus
Hypoplastic left heart
Ventricular or atrial
septal defect

Figure 2. 3: Classification of CAs. Source: Adapted from the CDC and Uptodate (2023).



2.2 Review of Related Studies

Numerous studies have looked into the patterns and prevalence of CAs in various demographics and
geographical areas. Among the various types of CAs, musculoskeletal anomalies, cardiovascular anomalies,
neural tube defects, cleft lip and palate, and chromosomal abnormalities are the most prevalent. It is worth
noting that the number of these birth abnormalities has tripled over the past thirty years. Additionally, Arabs
in the Gulf region are more likely to have major congenital defects, which vary in rate and pattern among

regions and have multiple etiologies and risk factors. (28)

A study conducted in Yemen by Ba-Saddik, Makki, and Aklan (2008) from January 2000 to December
2007 in Aden city, aimed to investigate the prevalence of major CAs. Their findings revealed that the most
common major CAs were related to the digestive system (33.8%), followed by the circulatory system
(21.7%), central nervous system (14.2%), urogenital system (10.5%), and musculoskeletal system (7.1%).
Furthermore, the study indicated a higher prevalence of major CAs among males compared to females, with

a male-to-female ratio of 2:1. (28)

In the United Kingdom, a multiethnic cohort study was conducted in Bradford from 2007 to 2011 to assess
the incidence and risk factors for CA. It was found that the risk of CAs was nearly twice as high for mothers
of Pakistani origin compared to those of white British origin. Consanguinity, or the marriage between first
cousins, was identified as a major risk factor, associated with a doubling of risk for CAs. The same result
was noted for mothers of white British origin older than 34 years. Consanguinity was a common practice
among the Pakistani community, with (37%) of babies of Pakistani origin being the offspring of first-cousin
unions. Maternal education to degree level was found to be protective, reducing the risk of CAs irrespective

of ethnic origin.(31)

In Iraq, Zhraa Abd and Alkader Taboo conducted a study from January 2009 to December 2010 in Al-
Mousel City to investigate the prevalence and risk factors of CAs. They found that the prevalence of CAs
was (0.69%). Additionally, the most common anomalies were related to the central nervous system, and the
majority of cases were seen in primigravida women, particularly those between the ages of 20-24.

Consanguineous marriage was identified as a significant associated risk factor. (32)

16



In Egypt, Marwa Shawky, Mohammed Abdou, Aida Ali, Reda Sherif, Iman Helmy, and Khaled Saad El
Din Ashour, conducted a study between 2010 and 2015 to estimate the frequency, describe the types, and
identify the possible risk factors of CAs among infants attending a pediatric university hospital in
Alexandria, Egypt. The study found that the most common types of CAs varied across different years. The
study identified CAs of the digestive system (38.0%), musculoskeletal system (32.9%), and circulatory
system (11.0%) were the most common types of CAs. Males were more affected by CAs than females (63%
versus 37%). The major risk factors for CAs were old-aged parents, unprescribed medications and large
vitamin A dosage intake during pregnancy, exposure to chemicals and pesticides during pregnancy,

complications during pregnancy, and living near mobile strengthening stations. (33)

Furthermore, a descriptive study conducted at the 'Les Orangers' Maternity and Reproductive Health
Hospital in Rabat, researchers collected data on congenital malformations diagnosed between January 1st,
2011, and June 31st, 2016. A total of 245 cases of congenital malformations were registered out of 43,923
recorded births, yielding a prevalence of 5.58 per thousand, and (19.2%) of these cases involved fetal deaths
in utero (FDIU). The study found a poly malformation syndrome in (26.5%) of the cases, resulting in 470
anomalies. Musculoskeletal anomalies were the most prevalent (33%), followed by neurological
abnormalities (18%), which included hydrocephalus (31%), anencephaly (26.2%), and spina bifida
(20.24%). Eye, ear, face, and neck malformations were reported in (12%) of cases, while genetic
abnormalities were detected in (8.5%), with Down Syndrome accounting for (87.5%). Antenatal diagnosis

of congenital malformations was established in (28.6%) of cases. (34)

A similar hospital-based Egyptian study was conducted at Al-Zagazig Hospital in February 2013 by
Mohamed A. ElI Koumi,1 Ehab A. Al Banna,1 Ibrahim Lebda. The study included all babies born in the
obstetrics department over one year and it was found that the overall incidence of CAs among live-born
neonates was (2.5%), with musculoskeletal and central nervous systems being the most commonly affected

systems. (35)

Another cross-sectional study at the Khyber Teaching Hospital in Peshawar, patient records were analyzed
from January to June 2014. In 1062 deliveries, 2.9% (31) of newborns had CAs. Significant anomalies

included hydrocephalus (22.6%), anencephaly (12.9%), and spina bifida (9.7%). Maternal ages varied from
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18 to 46 years. The majority of anomalies (35.5%) occurred among people aged 26 to 30. Of the 31 infants,
6.4% had multiple anomalies. CAs were more common in parity 1 (35.4%), while parities 2—4 had lower
incidences (35.4%). The consanguinity rate was 67.7%, with only 32.3% of patients taking folic acid.

Passive smoking history was found to be positive in 16.1% of cases.(36)

A study was conducted by Farid AW Ghrayeb in Palestine in 2014 to also investigate the impact of
consanguineous marriage on offspring congenital malformations. The study found that the prevalence rate
of consanguineous marriages was 61%, with first-cousin marriages accounting for 34.8% of all marriages.
The genitourinary system was the most frequently affected in 17.4% of the 305 consanguineous married
parents and 15.2% of the 105 non-consanguineous married parents. The gastrointestinal system defects
were the second most frequent anatomical abnormalities, occurring in 6.2% of the 305 consanguineous

married parents and 13.3% of the 105 non-consanguineous married parents. (37)

In a similar vein, a study conducted in the United Arab Emirates by Gazala A. Khan and Ayah Ziyada in
2018 delved deeper into the impact of consanguinity and its effects on non-communicable genetic diseases.
It was found that 65% of marriages are consanguineous, harmed reproductive health factors, and posed a
risk for the occurrence of non-communicable genetic diseases, congenital malformations, and various

chronic and complex multifactorial diseases. (38)

In another retrospective cross-sectional study in Nigeria, in which a review of the records of all neonates
admitted in the neonatal unit of the Bowen University Teaching Hospital, Ogbomoso over five years
(January 2012—-December 2016) was undertaken. It aimed to determine the occurrence rate, patterns, and
associated factors of CAs. CAs were identified in 67 of 1057 newborn admissions, for a 6.3% incidence
rate. The most common anomalies were those affecting the cardiovascular and digestive systems. A larger
number of neonates referred from other facilities had CA, which was statistically significant. However, no
significant connections with low birth weight, sex, maternal age, or parity were found. The death rate for
newborns with CA was 10.4%, although they were associated with a lower risk of newborn mortality
compared to those with other acute illnesses, the difference was not statistically significant.(39)

18



Another study performed in Yemen by Fawaz Mohammed et al conducted a four-year study from 2013-
2014 before the war to 2016-2017 during the war. The study examined the impact of the war on CAs at Al-
Thawrah Hospital in Sana'a. The findings revealed that the incidence rate of CAs doubled after 3 years of
the war, increasing from 27.46 to 47.78 per 10,000 births. The noteworthy point in this study was that the

genitourinary system replaced the central nervous system as the most affected system. (27)

A cross-sectional Iragi study in Baghdad was conducted on the risk factors of CAs in neonates in the
Neonatal Intensive Care Unit (NICU) between November 2014, and the first of May 2015. The study found
that (60%) of the neonates were boys and (48.3%) of them were premature. Systematic bodily abnormalities
were detected in the gastrointestinal (30%), cardiovascular (26.7%), and central nervous systems (23.3%). It
was also found that (66.7%) of mothers were over 34 years old, had a BMI of 30 or higher, did not take
folic acid, self-medicated, had consanguineous marriages, had a positive family history, suffered from

hypertension, were anemic, lived near mobile stations, and had a low socioeconomic status. (40)

A hospital-based case-control study was conducted at a fetal medicine service in Brazil from October 2014
to February 2016 to estimate the frequency of CAs. The most common CAs were those of the central
nervous system, followed by the genitourinary system, and finally multiple abnormalities. Previous children
with CA, family history, and consanguinity among the parents were all potential maternal risk factors for
structural CAs. (41)

Another case-control study conducted in Irag aimed to identify the patterns and associated factors of the
CAs among neonates at the Maternity Teaching Hospital, Erbil City between April 2015 and March 2016.
The central nervous system (37.7%) compromised the highest percentage of CAs, followed by the
musculoskeletal (23.1%) and gastrointestinal systems (20.8%). There was a statistically significant
association between having a child with CAs and a maternal history of previous CAs, parental

consanguinity, and medical disorder history. (42)

Furthermore, a retrospective study in Sub-Saharan Africa in 2017 was conducted on the prevalence of CAs
and the association between maternal risk factors and birth defects in rural populations in south-eastern

Gabon. Two populations were targeted: 3500 births in Koula-Moutou (a rural area) and 4212 births in
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Franceville (a semi-rural area) in Gabon. The prevalence of CAs increased from rural to urban areas (P <
0.001). Maternal risk factors, including age over 35, multiparity, and employment status, were significantly
associated with stillbirth rates. (43)

Researchers in southwest Ethiopia conducted a case-control study to identify risk variables related to
congenital abnormalities in neonates. Between May 2016 and May 2018, neonates and their mothers from
six hospitals that were specifically chosen were included in the study. The findings showed a strong
correlation between congenital defects and risk factors, including using unknown medications during the
first three months of pregnancy, being around pesticides, smoking passively, depending on surface water
for drinking, and not taking folic acid supplements in the early stages of pregnancy. The aforementioned
results underscore the significance of community health education in mitigating and preventing

predisposing risk factors. (44)

Another retrospective cross-sectional study conducted in Yemen at Al-Thawra Modern General Hospital by
Thabet SA et al (2017), found that one in ten neonates suffered from CAs. The majority of CAs identified
were isolated (74.4%), whereas (25.6%) were multiple. The most common CAs were those of the
gastrointestinal tract (43.9%), followed by the central nervous system (CNS) (18.9%), and musculoskeletal
system (17.1%). Furthermore, more than half of neonates with CAs died, and 35.4% were discharged from

the hospital without their CAs being corrected. (45)

Similarly, in a cohort study conducted at a Tertiary care center in Saudi Arabia in 2019, researchers
enrolled Saudi women during pregnancy for three years, resulting in 28,646 eligible pregnancy outcomes
(including births, stillbirths, and elective terminations for fetal anomalies). The birth prevalence of CAs was
412 per 10,000 births, with 1179 cases and 1262 unaffected controls included. Major anomalies included
congenital heart disease (148 per 10,000), renal malformations (113), neural tube defects (19), and
chromosomal abnormalities (27). Diabetes (7.3%), maternal age over 40 years (7.0%), and consanguinity
(54.5%) were among the modifiable risks. The mortality rate for live births with CAs at two years of age
was 15.8%. (46)

Another study conducted at the Special Care Baby Unit at Cape Coast Teaching Hospital in Ghana, a

retrospective study covering the period from January 2010 to December 2019 was carried out. The
20



objective of the research was to examine the frequency, trends, and consequences of congenital defects in
infants admitted to hospitals. 236 neonates with CAs were admitted to the facility, accounting for 8.6 births
per 1000 and 2.8% of all neonatal admissions. Thirty-two percent of infants with congenital defects died,
making up four percent of total neonatal mortality. The place of delivery and gravidity greater than five
were factors that were strongly linked to death. The most common anomalies affected the central nervous
system, particularly neural tube defects, followed by suspected chromosomal abnormalities and cardiac
defects. Neonates with cardiac anomalies faced a higher risk of mortality. (3)

Additionally, a case-control study in Mysore, South India was conducted at the Department of Obstetrics
and Gynecology at JSS Hospital. Data was analyzed from 47 mothers who had given birth to anomalous
fetuses to determine the patterns and maternal risk factors of CAs. It was found that the most significant
maternal risk factors were history of previous abortions (27.7%), consanguinity (10.6%), Rh-negative
pregnancy (6.4%) and anomalous uterus (6.4%). However, the most prevalent CAs were mostly the central

nervous system (74.5%), musculoskeletal system (29.8%) and cardiovascular system (12.6%). (47)

Furthermore, a descriptive cross-sectional study in Nawabasha, Pakistan, aimed to assess the frequency,
risk factors, and pattern of congenital abnormalities of 300 neonates admitted to the NICU in a tertiary care
hospital over six months from January to July 2020. The study found that neonates were born at an average
age of 10.5+7.4 days and weighed 2.89+0.74 kg. Among the neonates, 174 (58.0%) were male and 126
(42.0%) were female, yielding a male-to-female ratio of 1.4 to 1. Furthermore, 77 (25.7%) newborns were
classed as low birth weight. 35 (11.7%) newborns had birth defects, three of which had multiple anomalies.
The incidence of birth abnormalities was considerably greater among women who did not take folic acid
during pregnancy (14.8% vs. 5.2%) and in situations of cousin marriage (16.6% vs. 2.8%).(48)

Most recently, a study was conducted at Manipal Teaching Hospital by Basnet et al (2021) to determine the
types of CAs among neonates and their immediate outcomes. During the study period, 24 out of 2515 live
births had CAs, resulting in a rate of 9.42 per 1000 live births annually. In 79.2% of cases, only one system
was involved, while 5.8% had multiple involvements. Of these, 54.2% were discharged, 33.3% died, 8.3%

left without medical advice, and 4.2% were referred out. (49)
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Figure 2. 4: Anencephaly. Source: Yemeni Figure 2. 5: Phocomelia. Source:
Ministry of Health and Population. (2023) Yemeni Ministry of Health and
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Figure 2. 6: Related Studies According to Continent.
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CHAPTER 3: MATERIALS & METHODOLOGY
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3.1 Study Design

The presented study was a 1:2 Case-Control Study.

3.2 Study Area

The study was carried out by reviewing the clinical files and hospital records of neonates diagnosed with
CAs among various hospitals and health centers in 14 Yemeni governorates, namely: Hajjah, Al-Mahwit,
Rad’a, Sa’dah, Raymah, Amran, Dhamar, Marib, Ibb, Taiz, Al-Hudaydah, Sana’a, Sana’a City, and Al-
Dhalae.

3.3 Study Period:

The study was carried out from the 1% of October, 2023 till 1t of March, 2024.

3.4 Study population:

The case group was defined as all neonates diagnosed with CAs in their respective and aforementioned
governorates from 2021-2023, whereas the control group was defined as healthy neonates of the same

maternal and fetal socioeconomic demographics.

3.5 Sample Technique

Out of the 800 cases of all the cases CAs available from health facilities in the 14 Yemeni governorates,
612 cases were selected due to their complete documentation and absence of missing variables to study the
patterns of CAs. To identify the associated factors, 1224 controls were matched by age, sex and governorate
from the same health facilities.

3.5.1 Inclusion Criteria

» For Cases:
All neonates with a documented diagnosis of CAs between 2021-2023 in any of the hospitals and health

facilities in the aforementioned 14 Yemeni governorates.
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» For Controls:
All neonates not diagnosed with CAs between 2021-2023 in any of the hospitals and health facilities in the
aforementioned 14 governorates, with their age, sex and governorate matched.

3.5.2 Exclusion Criteria
Hospital records of neonates with missing data variables and no way of contacting their families to

complete their data.

3.6 Data Collection

The data was collected using pre-made online Google Sheets for recording information obtained from
patients' documents in the archives of the hospitals and facilities. All the study procedures were conducted
at convenient access, green-lit, and aided by the centers' employees. The procedures were regularly
evaluated by the team's supervisor for quality assurance. Data was then classified according to the 11%
version of the International Classification of Diseases (ICD-11). Finally, data was digitized and analyzed
using Epi info version 7.2. Bivariate and multivariate Logistical regression was used to identify factors

associated with CAs (p<0.001), in addition to T-test, and chi-square.

3.7 Ethical Consideration

The present study obtained ethical approval from Emirates International University and the Yemeni
Ministry of Health and Population to gain access to all hospitals and health centers' management, staff, and
archives. They were informed that participation is voluntary and that they can refuse this without stating
any reason. Feedback about the results of the study was given to the participants and contributors at the end
of the study. (Appendix 1)
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4.1 Patterns of Congenital Anomalies

In the present study, the patterns of CAs were analyzed within a 1:2 ratio case-control framework. The

study population included 612 cases and 1,224 controls.

4.4.1 Distribution According to Governorates

The majority of the 612 cases were located in Al-Hudaydah (34%), Ibb (17.2%), and Sana'a (13.1%).
Whereas Sa'dah (1%), Marib (0.5%), and Raymah (0.5%) had low rates of CAs. (Figure 4.1) (Table 4.1)

Sa'dah
Hajjah Amran

Marib

Al Bayda'

Talizz

Frequency

3 208

Figure 4. 1: Distribution of CAs Among Governorates.
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Table 4. 1: Distribution of CAs According to Governorates.

Al-Hudaydah 208 34.0%
Ibb 105 17.2%
Sana’a 80 13.1%
Hajjah 40 6.5%
Al-Mahwit 39 6.4%
Taiz 39 6.4%
Sana’a City 27 4.4%
Dhamar 23 3.8%
Amran 18 2.9%
Al-Bayda 11 1.8%
Al-Dhalae 10 1.6%
Sa'dah 6 1.0%
Marib 3 0.5%
Raymah 3 0.5%
Total 612 100.0%

4.1.2 Distribution According to Body System

The majority of the CAs were identified as isolated 518 (84.64%), whereas 94 (15.36%) were multiple—
two or more anomalies on a single case involving two or more systems. The highest proportion of CAs
were those of the nervous system (208, 33.9%), followed by the skeletal system (88, 14.8%) and oro-facial
anomalies (65, 10.6%). Further details of the distribution of CAs are shown in Figure (4.2).
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Figure 4. 2: Distribution of CAs According to Body Systems.
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The most common nervous system anomalies were hydrocephalus (13.8%) and anencephaly (13.0%),

followed by spina bifida (2.7%). The most common skeletal anomalies were unspecified limb anomalies

(6%), amelia (4.2%), and club foot (2.4%). While the most common oro-facial anomalies were cleft lip
(7.8%) and cleft lip and Palate (1.4%). Further details are shown in Table (4.2).
Table 4. 2: Distribution of CAs According to ICD-11.

LAO4 Congenital Hydrocephalus
LAOO Anencephaly
Nervous System LAOQ2 Spina Bifida
LAO1 Encephalocele
LAOY Unspecified
LAO05.0 Microcephaly
LAO3 Arnol-Chiari Malformation
Multiple Anomalies LD2Z Unspecified
LB9Z Limbs Anomalies
Skeletal System LBY9A.0-LB99.0 Amelia
LB98.00-LB98.22 Club foot
LB78 Polydactyly
LB79 Syndactyly
LA40 Cleft Lip
Oro-Facial Anomalies LA4Y Cleft Lip and Palate
LASZ Facial Anomalies
LA42 Cleft Palate
LB15.Z-LB16.Z Intestinal CAs
LBO01 Omphalocele
Gastrointestinal Tract Anomalies | | go2 Gastroschisis
LB17.0 Imperforated Anus
DB50.2 Congenital Anorectal Fistula
LB16.0 Intestinal Atresia
LB16.1 Hirschsprung's Disease
LB12.1 Esophageal Atresia

17
16

N N W w O

13.8

2.7
1.7
1.6
0.4
0.3
15.3
6.0
4.2
2.4
0.9
0.6
7.8
1.4
0.9

0.3
2.7

2.6
1.6
0.8
0.4
0.4
0.3
0.3
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Urogenital System

Hematopoietic System

Eye

Chromosomal Anomalies

Neck

Ascites (Unknown Cause)

Skin
Respiratory System
Circulatory System

Ear

Diaphragm and Abdominal Wall

LB5Z
LB31.0
LB4Z
GB8Y
KA85.Z
LA10.1
9C61
LAl1Z
LD40.0
LD40.1
LD40.2
LA6Z
LAGO
MEO4.Z
LC7Z
KB2B
LA8Z
LA2Z
LB00.0

Genital Anomalies (Male)

Hydronephrosis

Genital Anomalies (Female)

Polycystic Kidney
Hydrops Fetalis
Anophthalmia
Congenital Glaucoma
Unspecified

Down Syndrome
Patau Syndrome
Edward Syndrome
Neck Anomalies
Webbed neck

Unspecified

Lung Immaturity
Congenital Heart Disease
Unspecified
Diaphragmatic Hernia

-
O

P P Wk, 01O DD NN W N W W

1.9%
0.9%
0.4%
0.1%
3.1
1.3%
0.4%
0.4%
1.1%
0.4%
0.3%
1.1%
0.3%
1.4
0.8
0.6
0.4
0.1
0.1



Figure 4. 3: Anencephaly. Figure 4. 3: Gastroschisis.

Source: Yemeni Ministry of Source: Yemeni Ministry of
Health and Population. (2023) Health and Population.
(2023)
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Figure 4. 6: Cleft Lip & Figure 4. 7: Congenital
Palate. Source: Yemeni Ascites. Source: Yemeni
Ministry of Health and Ministry of Health and
Population. (2023) Population. (2023)
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Figure 4. 5: Cleft Lip. Source:
Yemeni Ministry of Health and
Population. (2023)

%

Figure 4. 8: Congenital

Hydrocephalus. Source: Yemeni

Ministry of Health and
Population. (2023)



4.2 Maternal Socioeconomic Demographics

The present study reveals a significant statistical association between maternal age, positive consanguinity,
positive family history, parity, socioeconomic class, and CAs. Older mothers (>35 years) and neonates born
to parents with positive consanguinity are more likely to develop CAs. Positive family history, grand-
multipara mothers (>5 births), and low socioeconomic class are also associated with a higher occurrence of
CA:s. All associations were statistically significant (p < 0.0001). While mothers aged 20-<35 years old and
those <20 years old, those of high socioeconomic class, and nulliparous or multiparous women are
associated with a lower risk. Further details are shown in Table 4.3.

Table 4. 3: Maternal Socioeconomic Demographics and CAs.

Mean 29.7 +68
<20 22 3.5 48 3.9 2315 | 1.365 3.925 <0.0013
20-<35 192 31.3 970 79.2
Maternal Age = (Ref)
>35 398 65 206 16.8 9.760 | 7.766 12.268 | <0.001
Consanguinity = Yes 385 62.9 60 4.9
- o o _— =l 32903 24.206 44.725 <0.001
Family Yes 169 27.6 100 8.1
History No 443 72.3 1124 91.8 4287 ) 3.2 1 5620 1 <0.001
Socioeconomic Low 496 81 400 32.6 26.412 13.819 50.478 <0.001
Class Middle 106 17.3 611 49.9 3.695  1.896 7.198 <0.001
High (Ref) 10 1.6 213 17.4
Parity Nullipara | 61 9.9 161 13.1
(Ref)
Multipara | 280 45.7 859 70.1 0.860  0.622 1.189  0.3625
Grandpara | 271 44.2 204 16.6 3.506 | 2.480 4.956 <0.001
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4.4 Neonatal Socioeconomic Demographics

In the analysis of neonatal demographics (Table 4.4), the study indicates a significant association between
gestational age, gender, birth weight, and CAs. Preterm (<37 weeks) and low-birth weight neonates
(<2500q9), and males are associated with a higher risk of CAs. Additionally, neonates with CAs have a
higher risk of stillbirth and a lower survival rate at birth. Conversely, neonates born between 37 and 42
weeks, post-term neonates (>42 weeks), those with a birth weight of >2500g, and female neonates are
associated with a lower risk.

Table 4. 4: Neonatal Socioeconomic Demographics.

Mean £ (SD)  36.16 + 4.37

<37 weeks 373 60.9 @ 356 29 4405 2245 8.639  <0.001
iestatioal 37-42 weeks 217 355 724 59.1 1.253 0.638 2461  0.51120
ge
>42 weeks 22 3.6 144 11.6
(Reference)
Male 478 78.1 525 428 4749 3801 5933 <0.001
Sex
Female 134 219 699 57.1
Mean + (SD) | 2854.20 £555
Weight <2,500g 238 389 112 9.1 7.331 | 5.090 10.557 <0.001
2,500-<3,500g 314 51.3 905 739 1197 0.873 1.648  0.2623
>3,500¢g 60 9.8 207 16.9
(Reference)
Outcome Alive 321 52.4 1199 97.9 | 0.02 0.015 0.035 <0.001
Stillbirth 291 475 25 2.04
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4.5 Associated Factors of Congenital Anomalies

According to the multivariable analysis, we identified associations between multiple maternal variables
during pregnancy and the development of CAs. Acute diseases (OR=2.48 Cl=1.648-3.742), chronic
diseases (OR=3.69 CI=2.065-6.761), drug intake (OR=2.68 CI=2.063-3.485), stress (OR=6.20 Cl=4.202-
9.319), and proximity to rocket attacks (OR=4.48 CI=3.078-6.607) all showed highly significant statistical
associations with the development of anomalies (Table 4.5). Finally, other factors demonstrated a
significant correlation; but, due to a lack of specific information and definitions for these categories in
hospital records, we were unable to conduct a full analysis. The term "Others" was rarely elaborated on in
the records. Thus, any inferences formed from this group should be handled with caution.

Table 4. 5: Associated Factors of CAs.

Acute Yes 53 8.6 45 3.6 2.484 1.648 3.742 <0.001

Disease No 559 91.3 1179 96.3

Chronic Yes 32 5.2 18 1.4 3.696 2.057 6.641 <0.001

Disease No 580 94.7 1206 98.5

Drugs Yes 145 23.6 127 10.3 2.682 2.064 3.484 <0.001
No 467 76.3 1097 89.6

Vaginal Yes 40 6.5 36 2.9 2.301 1.455 3.659 <0.001

Bleeding No 572 93.5 1188 97.1

Stress Yes 97 15.8 36 2.9 6.215 4,182 9.237 <0.001
No 515 84.1 1188 97.0

Proximity Yes 86 14.0 43 3.5 4.490 3.070 6.567 <0.001

to Rocket No 526 85.95 1181 96.4

Attacks

Others Yes 184 30.0 29 2.3 17.715 11.793 26.609 <0.001
No 428 69.9 1195 97.6

4.6 Logistical Regression with Factors Associated with Congenital Anomalies

Multivariate logistic regression analysis was conducted for 13 variables, namely acute disease, chronic
disease, consanguinity, stress, vaginal bleeding, drugs, gestational age, maternal age, parity, fetal weight,
sex, family history, and socioeconomic class. Ten variables were identified that significantly affecting
(Table 4.6) the occurrence of CAs: acute diseases (OR=2.759), consanguinity (27.637), stress (OR=4.456),
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gestational age (OR= 1.630), maternal age (OR=8.264), parity (OR=0.599), weight (OR=4.675), sex (OR=
0.1034), family history (OR=1.955), and socioeconomic class (OR=11.427).

Table 4. 6: Logistic Regression of Variables.

Coefficient | S.E | Z-Statistic

Consanguinity (Yes/No)  27.6374 17.6873 43.1851 3.3192 0.2277  14.5756 0.0000

Socioeconomic Class 11.4274 7.6868 @ 16.9883 2.4360 0.2023 12.0414 0.0000
Maternal Age 8.2641  5.4053 12.6349 2.1119 0.2166 9.7501 0.0000
Weight 46750 2.8058 @ 7.7895 1.5422 0.2605 5.9205 0.0000
Stress 44560 2.2816 8.7023 1.4942 0.3415 4.3754 0.0000
Acute Disease (Yes/No) 2.759 1.2361  6.1579 1.0149 0.4096 2.4775 0.0132
Family History 1.9555 1.2018 3.1821 0.6707 0.2484 2.6998 0.0069
Gestational Age 1.6306 1.0668 @ 2.4923 0.4889 0.2165 2.2578 0.0239
Parity 0.5992 0.3813 0.9416 -0.5121 0.2306 -2.2207 0.0264
Sex 0.1034  0.0693 @ 0.1543 -2.2688 0.2041 -11.1183 0.0000

4.7 Associated versus Protective Factors

Table 4. 7: Comparison Between Associated and Protective Factors.

Associated Factors Protective Factors
=35y Maternal Age 20- <35y and <20y
Yes Consanguinity No
Yes Family History No
Low Socioeconomic Class High
Grandmultipara Parity Nullipara
g Sex O
<37 weeks Gestational Age 37 - >42 weeks
<2500g Weight 2500 - 23500
Stillbirth Outcome Alive
Yes Acute Diseases No
Yes Chronic Diseases No
Yes Drugs No
Yes Rocket Attacks Prox. No
Yes Vaginal Bleeding No
Yes Stress No
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CHAPTER 5: DISCUSSION
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CAs pose a significant burden, influencing neonates’ health, mortality, and morbidity while also imposing
financial and psychological strain on their parents. In Yemen, where the frequency of these abnormalities is
increasing, our study highlights its singularity as one of the few studies to identify their patterns and
potential associated factors. The study's findings are designed to help policymakers and decision-makers
develop targeted preventative measures and enhance health education.
This section delves into our study's primary findings, comparing them to previous research to highlight their

implications.

5.1 Patterns of Congenital Anomalies

In our study, the majority of the CAs detected were isolated, and a minority being multiple. The central
nervous system had the highest proportion of CAs followed by the musculoskeletal system and oro-facial
abnormalities. These findings align with studies from South India (50), Bangladesh (51), Ethiopia (52),
Egypt (35), and Iraq (42), which also found that the central nervous system and the musculoskeletal systems
were the most predominant. Similarly, the Brazilian study showed a predominance of the central nervous

system and multiple anomalies.

On the contrary, a retrospective analytic study conducted in Aden, Yemen (53) shows the digestive system,
the cardiovascular system, and urogenital system as the most predominant alongside the central nervous and
musculoskeletal systems. This falls in line with other studies in Nigeria (54) and Saudi Arabia (55). This
discrepancy could be attributed to the fact that anomalies involving the digestive, cardiovascular, and
urogenital systems were present in conjugation with other anomalies, classifying them as multiple
anomalies in our study. Furthermore, in this study, only a minority of neonates were diagnosed with
cardiac anomalies when further specialized investigations, such as echocardiography, were warranted after
clinical examination, and the majority were referred to specialized cardiac centers for documented
diagnosis. This highlights the need for more thorough diagnostic procedures in neonatal care and

comprehensive documentation follow-up for neonates referred to specialized centers.
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5.2 Maternal Socioeconomic Demographics

In terms of maternal demographics, the current study found a strong statistical relationship between mothers

>35 years, consanguinity, positive family history, low socioeconomic status, grand parity, and CAs.

5.2.1 Maternal Age

Significant correlations between mothers >35 years old and the presence CAs are present in our study,
while those under 35 years old (mainly those between 20 and 35 years followed by those <20 years old)
were shown to be protective against CAs. Many studies concerning the risk factors of CAs showed
associations between increasing maternal age and incidence of CAs (31,56-58). This also aligns with
similar studies conducted in Baghdad, Iraq (40) and Alexandria, Egypt (33)where mothers >35 were at a
higher risk of having CAs.

Moreover, a study conducted in Southeast Iran, in 2009-2019 (59) and a study conducted in Ain Shams
University, Cairo, in 1995-2009 (60), and a study conducted in China (2013-2017) (61) also showed a
similar significant association. This could be owing to the risk-increasing effect of chromosomal
aberrations, which become more common with advanced maternal age. Hollier et al. (62) propose that the
accumulation of environmental exposures over time may also increase the risk. On the other hand, our study

found that mothers between the age of 20-<35 years were a protective factor against CAs.

Conversely, studies conducted in Mousel, Iragand Ethiopia (44) found that younger mothers have a higher
risk, which were attributed to nuclear waste and the effect of environmental factors, such as teratogenic
drug intake during early pregnancy, respectively. Particular attention should be devoted to more frequent
discrepancies in maternal age groups. Examining what may be driving each age group's risk-increasing
effects will assist find the best preventative approaches. The teratogenic effects associated with mothers
becoming pregnant at a young age, as well as the lack of primary prevention options, may largely explain
this age group's vulnerability, including smoking and drug intake, lower social status, lower educational

attainment, and a lack of adequate folic acid supplementation. (63,64)
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5.2.2 Consanguinity

This study found a strong link between consanguinity and the probability of developing new defects.
Consanguineous marriages are popular in various parts of the Middle East, Africa, and the Indian
subcontinent,(38,55,59,65-71), with one estimate claiming that "one billion people live in communities
with a preference for consanguineous marriage” (Hamy, 2012) (66). This predilection has significant
societal roots. Nonetheless, education, combined with preconception and premarital counseling, can be
effective preventative techniques by raising awareness and enabling couples to make more educated
decisions. Consanguinity is a known risk factor for CAs (35,55,67,72-74), as well as Mendelian diseases,

such as inborn metabolic errors as established in previous Saudi Arabian and international reports. (75,76)

5.2.3 Family History

Significant correlations were found between positive family history and the risk of developing CAs in
single and multiple CAs in our current research. This builds up on previous studies conducted in
Bangladesh(69), Iran(59), Pakistan (71), Egypt (35), and Iraq(42). Furthermore, a hospital-based study in
Egypt found that the presence of a congenital deformity associated to a chromosomal abnormality, whether
live-born or stillborn, increased the chance of chromosomal problems in subsequent pregnancies (35). To
further aid this, it was shown that couples who have one child with a neural tube defect but no other family
history have a recurrence rate of 2-5%, whereas couples who have one child with Down syndrome have a
recurrent risk of 1%. (77)

5.2.4 Socioeconomic Class

In our current study, mothers of low socioeconomic status were at a higher risk of developing CAs, while
those of higher class were at a lower risk. This is congruent to the study conducted in Baghdad (78), where
Low socioeconomic status affects the health of the mother and the fetus via inadequate nutrition and poor
obstetric follow-up. While CAs affect children globally, the burden is evidently higher in developing
countries, particularly among the lowest socioeconomic groups (79). Developing countries face various
obstacles in combating CAs, including limited access to healthcare facilities, insufficient antenatal care, and
environmental variables that contribute to congenital disability. These obstacles are worsened by social and

economic inequality in low-income communities, where individuals and families frequently face poverty,
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poor education, and a lack of resources (80,81). This multifaceted interplay of factors highlights the grave

need for comprehensive interventions to mitigate the incidence of CAs in these vulnerable populations.

5.25 Parity

Our study found that grand-multipara mothers were more likely to have children with CAs, while
nulliparous women were less likely. This is congruent to a 10-year study conducted using the data from
Texas Birth Defects Registry from 1999-2009, which showed that the risk of CAs occurring in a first, third,
or fourth or more birth was higher compared to the risk of CAs occurring in the second birth. (82)

Additionally, a hospital- based study in Peshawar, Pakistan (83), and the Addis Ababa study in Ethiopia
(84), found that multigravidas were also connected with a higher risk of CAs. This implies that the higher

number of parities, the higher the risk of CAs.

Furthermore, increasing parity can increase the risk of CAs through 3 main paths: First, as a woman
matures, her chances of having a child with CA rises. This is because a woman's egg quality declines with
age, and older eggs are more likely to have chromosomal abnormalities. As a result, women who have
given birth multiple times are typically older and hence at a higher risk (32). Second, each pregnancy and
childbirth have physical effects on a woman's body that may raise the likelihood of congenital abnormalities
in future pregnancies. For example, certain dietary deficits can worsen with each pregnancy, potentially
impairing fetal development (39). Third, socioeconomic variables can play a role. Women with several

children may have less time and resources to devote to antenatal care, raising the incidence of CAs. (23)

In contrast, a study conducted in Mosul, Iraq (32) found that primigravida are linked to CAs, which was

attributed to war waste products and uranium enrichment.
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5.3 Neonatal Socioeconomic Demographics

5.2.1 Prematurity and Low-Birth Weight

Our study found that preterm neonates and those with a birth weight of less than 25009 are associated with
a higher risk of CAs, while those weighing 2500- >3500g are associated with a lower risk. In a similar vein, a
study conducted in Baghdad, Irag, (40) also showed that LBW neonates were born prematurely were at a

higher risk of developing CAs. This falls in line with studies conducted in Punjab (85), and Egypt (33) .

5.3.1 Sex

This study found that males are more likely to have CAs than females, while the birth of a female is shown
to be a protective factor. This is in agreement with several other case-control studies conducted in Egypt
(33), China (86), Pakistan (83), and the United Kingdome (87). On the other hand, a study conducted in
California from 1989 to 1997 showed that the sex ratios of various deformity subgroups differed, where
females were more likely to have nervous system anomalies (except for spina bifida without hydrocephaly),
endocrine system disorders, and congenital hip dislocation. (88,89)This discrepancy could be clarified by

genetic studies, in addition to ruling out environmental and biological factors.

5.3.2 Stillbirth

Our study found that newborns with CAs have a higher risk of stillbirth and a lower survival rate at birth.
Stillbirth is a likely outcome of serious CAs. This falls in line with a study conducted in Gabon (43).
Furthermore, a multicenter study conducted of 59 hospitals in the United States (90), found that of the 465
singleton stillbirths examined, 23.4% had one or more significant abnormalities, compared to 4.3% of the
1871 live births. Having an abnormality increased the likelihood of stillbirth, and an increasing number of

anomalies was more strongly related with stillbirth.
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5.4 Associated Factors of Congenital Anomalies

5.4.1 Maternal Diseases During Pregnancy

We identified statistically significant associations between Acute diseases and chronic diseases in our study.
This is congruent to a cross-sectional design conducted in Indonesia, where maternal infection (22%),
maternal diabetes mellitus (4%), and maternal hypertension (4%) increased the likelihood of CAs (91).
When compared to women without a history of medical illness, infants born to those mothers are 4.72 times
more likely to have congenital defects. Infants are more prone to have CAs, such as congenital heart
defects, if their mothers have certain medical disorders or diseases. (92) For example, CAs have been
reported in 8-12% of all diabetic pregnancies with the neurological and cardiovascular systems most
commonly affected (93) Furthermore, acute infections such as Rubella, TORCH, and Cytomegalovirus
have been linked to variable CAs, such as congenital heart disease and neurological defects, and
musculoskeletal defects (22) A study conducted in South India (47), found that Toxoplasmosis was a
significant factor in pregnant women with CAs in present pregnancy with previous normal pregnancies
(OR =4.45, p =0.009). The nature of chronic diseases was rarely elaborated on in the records of our study
without any means of contacting the families. Specification of the chronic disease and digital storage of
patient records would enable further studies to be conducted to identify the types of chronic diseases present
in patients. Clinicians can benefit from knowing how chronic conditions and medical therapy during

pregnancy affect the chance of significant CAs.

5.4.2 Maternal Drug Intake During Pregnancy

Maternal drug use, particularly during the periconceptional phase, has been linked to an increased risk of
CAs. For example, over 25,000 to 50,000 units/day of vitamin A intake during the first trimester of
pregnancy has been linked to CAs. Moreover, the ingestion of Macrolides in the 3™ trimester has been
linked with genitourinary defects (22). Hence, the timing of drug exposure during pregnancy can have an
impact on the likelihood of CAs and may provide a hint to the type of anomaly. As a general rule, exposure
to drugs during the first trimester of pregnancy impacts fetal organogenesis. In contrast, usage during the

second and third trimesters mostly causes growth and functional abnormalities or deficits in the newborn.
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(22). This is in agreement with the Ethiopian study, in which unidentified medicinal usage in the first three
months of pregnancy (AOR = 3.435; 99% ClI: 2.012-5.863), was a significant risk factor. (44)

5.4.3 Stress

Our study showed that stress was a significant factor associated with CAs. A Population-based case-control
in 1987-1989 showed that having at least one stressful incident during the periconceptional period was
linked to a prevalence odds ratio of 1.4-1.5 for the birth of infants with conotruncal heart abnormalities,
neural tube anomalies, and isolated cleft lip with or without palate. According to this study, women who
endure stressful life events around conception or early gestation may be more likely to give birth to infants
with certain congenital abnormalities (94). In another study, pregnant women experiencing positive events
during pregnancy had a lower risk of CHD in offspring than those without positive events (OR =0.38,
95%CI: 0.30 ~0.48). The risk of CHD in offspring could increase by 62% among the pregnant women
experiencing the negative events compared to those without (OR =1.62, 95%CI: 1.29 ~2.03). (95)

5.4.4 Proximity to Rocket Attacks

Proximity to rocket attacks showed a highly significant statistical association with the development of
anomalies. Several studies are in agreement with this. CAs were shown to be more common in Baghdad
children exposed to war pollutants, which was associated with greater levels of Tungsten and Chromium
than in the control group. This research adds to the extensive literature supporting a link between conflict
pollution and the emergence of congenital abnormalities in  Iragi  cities (78)
During a conflict, the ecology is affected, and war pollution increases human metal exposure. Populations
in post-war eastern Croatia who resided near intense war activity had higher metal levels than communities
farther away from the war. Congenital abnormalities and malignancies are more common during wartime.
US wars, particularly in Japan and Vietnam, are among the most well-known causes of congenital
abnormalities and cancer in humans (96). Furthermore, another study was carried out from 2017 to 2019 in
the north-western war-affected territories of Pakistan to determine the range of CAs. A high incidence of
neurological, sensorineural, and limb defects, the preponderance of sporadic cases, and low level of parental
consanguinity were found (97). Additionally, the incidence of CHD increased nearly immediately following
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the end of the Gulf War in Kuwait. The cause of this surge is yet unclear. Environmental pollution may be

an influence, while others, such as psychological stress, are still unknown.

5.4.5 Vaginal Bleeding

Our study found that bleeding during pregnancy was associated with CAs. It is a well-established fact that
early gestational bleeding is associated with adverse pregnancy outcomes, including low birth weight,
prematurity, growth retardation, perinatal death, and CAs as stated by WHO (98). In agreement with this, is
a pivotal prospective study of 3,531 women seeking antenatal care in New York City from 1975-1985. It
was found that First-trimester bleeding of any severity was marginally associated with CAs in the offspring
(OR = 1.7, 95% CI 1.0-2.9) (99). Further studies build on this, such as a study conducted in 2022. in which
Bleeding in early pregnancy was found to increase the risk of pregnancy complications such as preterm
delivery, abortion, antepartum hemorrhage, placenta previa, PPROM, fetal growth restriction, and low birth
weight in neonates. (100). A systematic review and meta-analysis of 46 relevant studies, with a sample size
of 1,554,141 also found similar results. (101)

5.4.6 Others

The term “Others” was rarely elaborated on in the records, making it difficult to understand what this
category encompasses. It could potentially include a wide range of factors not covered by the other
categories, such as lifestyle factors as smoking, or even unknown variables that have yet to be identified.
Hence, we were unable to conduct a full analysis. Without sufficient data, any statistical analysis or
modeling would be incomplete and potentially misleading, and any inferences formed from this group
should be handled with caution.

Our study bridged the gap in Yemen regarding CAs and utilized all abundant but fragmented statistics,
reports, and records, across 14 Yemeni governorates. Since national referencing published studies were
limited to hospitals in a single governorate, this resulted in a limited insight into the patterns and associated
factors of these anomalies in a broader more comprehensive scope. Further research is needed to cover
southern governorates, and further delve into specific associated factors to determine their causality and
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relations to the timing of exposure. Additionally, genetic testing is crucial for early detection of CAs, and
understanding their etiology, since a quarter of CAs are caused by genetic defects. This will also help
healthcare providers make informed decisions regarding the planning of pregnancy and antenatal care.
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CHAPTER 6: CONCLUSION, LIMITATIONS, AND
RECOMMENDATIONS
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6.1 Conclusion

CAs pose a significant public health risk due to the rising incidence rate among neonates, in addition
to their financial and psychological burdens of diagnosis and treatment.

This study identified that most of the CAs were located in Al-Hudaydah, followed by Ibb and
Sana‘a.

The majority of the CAs identified were isolated, and the most predominant CAs were those of the
nervous system (mostly hydrocephalus and anencephaly) and musculoskeletal system (mostly
unspecified limb anomalies, amelia, and clubfoot) and Oro-facial anomalies (mostly cleft lip and
cleft lip and palate).

Statistically significant correlations between CAs and mothers >35 vyears old, positive
consanguinity, positive family history, grand-multipara mothers, low socioeconomic class, preterm
birth, low birth weight, and male neonates. Additionally, neonates with CAs have a higher risk of
stillbirth and a lower survival rate at birth.

The study also found substantial associations with acute diseases and stress regarding maternal
health throughout pregnancy. These findings highlight the diverse characteristics of CAs and the
need to evaluate a variety of factors in their development.

6.2 Limitations

Large sets of data were obtained but the vast majority were excluded due to incomplete
documentation, in addition to missing important variables, such as consanguinity, from the Ministry
of Health’s Notification of CAs Form. We have updated the form.

NO specifications on the types of chronic diseases, acute illnesses, drug intake, and other variables
mentioned, which limits the ability to conclude the association between some associated factors and
CAs.

The lack of awareness regarding the importance of documentation and notification of CAs.

The diagnosis of CAs was determined only through clinical examinations, without additional
cytogenetic and metabolic analyses due to a lack of resources in health facilities, potentially

resulting in some CAs being missed.
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6.3 Recommendations

6.3.1

6.3.2

Ministry of Health and Population

The Ministry of Health’s Notification of CAs Form (Appendix 2) must be updated to include
important associations mentioned in international literature and guidelines. We have attached the
updated form in the appendix. (Appendix 3,4)

Public and Private health facilities must employ a digital monitoring system to ensure the complete
filling of the notification form by assigned personnel and adequate archiving.

Allocating resources for advanced diagnostic methods in neonatal care, such as cytogenic and
metabolic analyses, in addition to genetic screening of high-risk mothers and families to decrease
the incidence of CAs.

Investigate the potential factors associated with the high prevalence of CAs in governorates such as
Al-Hudaydah, Ibb, and Sana’a.

Legally mandate premarital counseling and raise awareness against consanguineous marriage.

Healthcare Providers

Adequate management and control of acute and chronic diseases during pregnancy by certified
medical specialists.

Provide adequate and optimized antenatal care to pregnant women.

Promote health awareness and advise against self-prescribed drugs.

Advise against pregnancy after the age of 35.

Enhance health literacy regarding having too many pregnancies (grandmultiparity).

Parents

Abide to antenatal care appointments arranged by healthcare specialists.

Consultation of healthcare specialists if they encounter any acute disease and avoid self-prescribing

drugs.

Pregnant women must avoid stress.
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Appendix 3 (The Proposed Updated Notifi
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e Appendix 4 (The Proposed Notification App for CAs -Ministry of Health and
Population in Yemen):
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