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Abstract: Background/Objective: Congenital anomalies (CAs) are structural or functional
abnormalities contributing to global neonatal morbidity and mortality. Data on antenatally
diagnosed CAs in southern Jordan are limited. The present study reports their prevalence
and patterns at the Maternal-Fetal Medicine Clinic of a governmental hospital and exam-
ines associated maternal, pregnancy, and delivery outcomes. Methods: This retrospective,
hospital-based study involved all pregnant women who presented to the clinic between
January 2022 to December 2023 and were diagnosed with congenital fetal anomalies. Data
about maternal characteristics, classification of fetal anomalies, and pregnancy outcomes
were retrieved from medical files. Statistical analyses comprised chi-square tests, Fisher’s
exact tests, independent t-tests, and multiple binary logistic regressions. Results: Among
the 750 pregnant women, 74 (9.9%) were diagnosed with CAs. Urinary system anomalies
were the most common (54.1%), followed by central nervous system (CNS) anomalies
(37.8%). Major anomalies constituted 59.5%, whereas 40.5% were minor anomalies. Gesta-
tional age at diagnosis and birthweight were significantly associated with major anomalies
(p < 0.05). All stillbirths (10.8%) and pregnancy losses before 24 weeks of gestation (9.5%)
occurred in cases with major anomalies (p < 0.05). Though preterm delivery rates were
higher with major anomalies, this association was not statistically significant. Conclusions:
Major CAs (59.5%) in this southern Jordan cohort were strongly linked to stillbirths and
early pregnancy loss, highlighting the need for early diagnosis and improved prenatal care.
Targeted interventions, including anomaly scans and risk factor (RF) screening, may reduce
the 9.9% prevalence observed.

Keywords: congenital anomalies; antenatal diagnosis; pregnancy outcome; Jordan;
maternal-fetal medicine; birth defects

1. Introduction
During the first trimester, the embryo is highly susceptible to internal and external

factors that may cause congenital anomalies (CAs) or birth defects [1]. The World Health
Organization (WHO) defines CAs as structural or functional deviations present at birth
and originating in the prenatal period [2]. These anomalies, classified as major (struc-
tural changes with significant medical, social, or cosmetic consequences, often requiring
medical intervention) or minor (with minimal health risks and minimal social or cosmetic
impacts) [2], affect about 6% of live births worldwide, with prevalence varying by region
due to genetic, environmental, and sometimes unknown factors [3,4].

These disorders contribute to an estimated 240,000 neonatal deaths annually within
the first 28 days, plus an additional 170,000 deaths in children aged between 1 month to
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5 years [3]. In 2015, the Global Burden of Disease study ranked CAs as the fifth leading
cause of death in children under five [5]. According to the WHO, a higher proportion of
deaths in this age group from birth defects were reported, as other causes of child mortality
were successfully controlled [3].

In low- and middle-income countries, where 94% of CAs occur, the reported RFs
include poor nutrition, higher infection exposure, and limited healthcare access [3]. Other
contributors include chromosomal abnormalities, such as Trisomy 21, maternal infections
(syphilis, rubella, and Zika), radiation, nutritional deficiencies (iodine and folate), diabetes,
medications (e.g., phenytoin), with advanced maternal age also increasing the risk [3].
While genetic and environmental interactions are implicated, the cause of most CAs remains
unknown in 50% of cases [6].

Generally, congenital malformations impose significant social and economic burdens,
particularly in resource-limited settings, where treatment costs and social stigma exacerbate
challenges [7].

The WHO provides guidelines for CA surveillance to track trends and inform pre-
vention, particularly in resource-limited countries, through its manual “Birth Defects
Surveillance” [2]. It defines two types of surveillance: population-based and hospital-based.
Our study serves as the foundation for a hospital-based surveillance program, which by
definition, includes monitoring pregnancy outcomes affected by CAs in selected hospitals
within a specific geographic area [2].

Early prenatal detection is essential for management and reducing stillbirth risk, which
rises with multiple anomalies. Son et al. (2021) reported that anomalies in any system
increased the odds of stillbirth, with a cumulative effect when multiple anomalies were
present [8]. In Jordan, CAs contribute to 13.3% of antepartum and 33.3% of intrapartum
stillbirths [9], yet data from southern Jordan are scarce, with one study estimating a 1.28%
prevalence among live births [10].

This study is relevant at the regional and national levels as it addresses the lack of
CA surveillance in southern Jordan and supporting national efforts to align with WHO
guidelines. Globally, it adds to the limited data from low-resource settings, contributing to
public health planning and prevention strategies [2].

This study aimed to document the prevalence and patterns of antenatally diagnosed
CAs at the Maternal Fetal Medicine Clinic (MFMC) of Al-Karak Hospital, the largest
primary referral hospital in southern Jordan. Also, it set out to examine maternal character-
istics and pregnancy outcomes based on the type of anomaly with a view to establishing
factors independently related to major congenital abnormalities.

2. Materials and Methods
This institution-based retrospective study was conducted at Al Karak Governmental

Hospital. Data were primarily obtained from the registry of the MFMC, which serves as
the official referral center for early morphology scans and anomalous ultrasound findings
across southern Jordan, particularly Al-Karak and its surrounding areas. The clinic serves a
catchment population of approximately 370,000 to 380,000 residents, providing specialized
antenatal care and diagnostic services to a broad regional population. All ultrasound
examinations were performed and interpreted by a single MFM specialist with 10 years
of clinical experience. Transabdominal ultrasound scans were conducted using a GE P8
system (GE Healthcare, Chicago, IL, USA).

The study included all pregnant women who attended the clinic from 1 January 2022,
to 31 December 2023, diagnosed antenatally with fetal CAs, whether booked at the clinic
or referred from other facilities. Multiple pregnancies were excluded due to their small
sample size and increased anomaly risk.
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Fetal CAs were identified via detailed ultrasound and classified per the International
Classification of Diseases, Tenth Revision [11]. Specific anomalies were further classified as
major or minor based on the following criteria: Ventriculomegaly was considered major
if severe (>16 mm) or associated with other anomalies. Isolated mildly affected cases
(10–12 mm and 13–15 mm) were classified as minor [12]. Bilateral Hydronephrosis was
considered major if severe (>15 mm) or associated with other anomalies. Isolated mildly
affected cases (4–6 mm in the second trimester and 7–9 mm in the third trimester) were
rated as minor [13]. Unilateral hydronephrosis was classified as major if severe (>15 mm) or
associated with other anomalies. Mild isolated cases (4–6 mm in the second trimester and
7–9 mm in the third trimester) were considered minor [13]. Ventricular septal defects (VSDs)
were classified as major if large (>3 mm) or associated with other cardiac or noncardiac
anomalies [14]. Small isolated VSDs (<3 mm) were considered minor [14].

Data were extracted from the MFMC registry (maternal characteristics, pregnancy
details) and labor ward records (delivery outcomes). Maternal variables included age, body
mass index (BMI), diabetes history, parity, miscarriages, family history of CAs, and folic
acid use. Pregnancy data covered gestational age at diagnosis and CA type/classification.
Delivery outcomes included gestational age, birth status (live/stillbirth), fetal sex, and
birthweight, recorded on a standardized form.

2.1. Statistical Analysis

Categorical data are presented as frequencies and percentages, while continuous data
are expressed as means and standard deviations. The chi-square test or Fisher’s exact test
was used to examine the association between categorical variables and types of CAs, as
appropriate. Mean differences in continuous variables based on the anomaly type were
assessed using an independent t-test. Additionally, multiple binary logistic regression
analyses were performed to identify significant pregnancy outcomes associated with major
CAs. Variables with a p-value < 0.2 in the bivariate analysis were included in the logistic
regression model. Odds ratios (OR) and their corresponding 95% confidence intervals (CI)
were reported to indicate the strength of the associations. Statistical significance was set at
p < 0.05. Data were analyzed using the Statistical Package for the Social Sciences (IBM SPSS
Statistics 28; SPSS Inc., Chicago, IL, USA).

2.2. Ethical Considerations

The study was approved by the Institutional Review Board of Mutah University
(reference number 82024). Patient confidentiality was maintained through coded identifiers
and secure data storage; informed consent was waived due to secondary data use.

3. Results
Among the 750 pregnant women who received antenatal care at our MFM clinic,

74 (9.9%) were diagnosed with fetal CAs, suggesting that approximately one in 10 cases in
our clinic population had a fetal anomaly.

Table 1 describes the frequency of CAs in the various fetal body systems, thereby
reflecting the distribution of each condition in the dataset. A total of 103 anomalies were
recorded, with syndromic associations excluded, and 74 cases were included in the study.
The disparity is due to the presence of multiple anomalies in some patients, meaning a
single patient could have had more than one CA.

Urinary system anomalies were the most prevalent, accounting for 54.1% (40/74)of all cases,
followed by CNS anomalies, which accounted for 37.8% (28/74) of pregnancies. Major CAs
predominated in most systems, notably 93% of CNS and 100% of gastrointestinal anomalies.
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Table 1. The distribution of congenital anomalies across different body systems, n = 74.

Body System, ICD-10 *,
Total Malformations Anomaly (ICD-10) * Major Minor Total in System (%)

Central Nervous System,
(Q00–Q07), (n = 28)

Ventriculomegaly ** (Q04.8) 7 2 9 (32.1%)

Encephalocele (Q01) 5 0 5 (17.9%)

Spina Bifida/Meningocele (Q05) 5 0 5 (17.9%)

Agenesis/Atrophy of Corpus Callosum
(Q04.0) 3 0 3 (10.7%)

Chiari Malformations (Q07.0) 3 0 3 (10.7%)

Holoprosencephaly (Q04.2) 2 0 2 (7.1%)

Microcephaly (Q02) 1 0 1 (3.6%)

Urinary, (Q60–Q64),
(n = 40)

Bilateral Hydronephrosis ** (Q62.0) 8 17 25 (62.5%)

Unilateral Hydronephrosis ** (Q62.0) 2 7 9 (22.5%)

Renal Agenesis (Q60.2) 2 0 2 (5%)

Multicystic Dysplastic Kidney (Q61.4) 2 0 2 (5%)

Infantile Polycystic Kidneys (Q61.1) 2 0 2 (5%)

Cardiovascular,
(Q20–Q28), (n = 7)

Cardiomegaly (Q24.8) 4 0 4 (57.1%)

Ventricular Septal Defect ** (Q21.0) 1 1 2 (28.6%)

Aortic Stenosis (Q23.0) 1 0 1 (14.3%)

Gastrointestinal and
Abdominal wall,

(Q38–Q45), (n = 9)

Omphalocele, (Q79.2) 6 0 6 (66.7%)

Gastroschisis (Q79.3) 1 0 1 (11.1%)

Duodenal Atresia (Q41.0) 1 0 1 (11.1%)

Esophageal Atresia (Absent Stomach)
(Q39.0) 1 0 1 (11.1%)

Syndromic Associations

Meckel-Gruber Syndrome (Q61.9) 3 0 3 (60%)

Trisomy 18 (Edwards Syndrome) (Q91.3) 1 0 1 (20%)

Congenital High Airway Obstruction
Syndrome (Q31.8) 1 0 1 (20%)

Musculoskeletal System
Anomalies, (Q65–Q79),

(n = 12)

Skeletal Dysplasia (Q77) 6 0 6 (50%)

Club Foot (Q66.0) 2 1 3 (25%)

Polydactyly (Q69) 2 1 3 (25%)

Other Anomalies, (n = 7)
Hydrops Fetalis (P83.2) 6 0 6 (85.7%)

Cystic Hygroma (Q18.0) 1 0 1 (14.3%)

Counts represent cases with the specified anomaly present. The balance of cases (out of n = 74) for each
anomaly represents absence (“No”).* International Classification of Diseases, Tenth Revision (ICD-10) [11].
** Ventriculomegaly, hydronephrosis (bilateral/unilateral), and VSD were classified as major anomalies if severe
or associated with other anomalies. Cases of mild isolation were classified as minor cases.

Table 2 summarizes the maternal characteristics, pregnancy outcomes, and delivery
outcomes of our cohort. The mean age of the patients was 32.2 ± 6.8 years, with a mean
BMI of 28.8 ± 4.3 and a mean parity of 2.2 ± 1.8. Only 14.9% used folic acid, 50% had prior
miscarriages, and 12.2% had diabetes.

Major CA accounted for 59.5% of cases, with 40.5% minor. Mean gestational age at
diagnosis was 26.7 ± 6.6 weeks, with 10.8% stillbirths and 9.5% early pregnancy losses.
Preterm delivery before 37 weeks of gestation was observed in 41.8% of the pregnancies.

The analysis in Table 3 explores the relationship between CA type and various maternal
and fetal factors. Major CAs were diagnosed earlier (24.2 ± 6.1 vs. 30.4 ± 5.5 weeks,
p < 0.001) and had lower birthweight (3.0 ± 0.7 vs. 3.2 ± 0.3 kg, p < 0.001). All stillbirths
and early pregnancy losses occurred with major CAs (p = 0.007 for stillbirths; p = 0.037 for
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losses <24 weeks), with no cases reported in the minor CA group. Preterm delivery was
more frequent in major congenital anomalies (85.7% vs. 14.3%), however, this difference
was not statistically significant (p > 0.05).

Table 2. Maternal characteristics and pregnancy outcomes, n = 74.

Scale Variables Category Mean ± SD 1

Maternal age 32.2 ± 6.8

Parity 2.2 ± 1.8

BMI 2 28.8 ± 4.3

Gestational age at diagnosis, weeks 26.7 ± 6.6

Birthweight, kg 2.9 ± 0.6

Categorical Variables n(%) Mean ± SD

Folic acid intake 11 (14.9)

History of miscarriage 37 (50)

History of an anomaly in the family 8 (10.8)

Presence of Diabetes 9 (12.2)

Fetal gender
Female 23 (31.1)
Male 51 (68.9)

Type of CA 3

Minor 30 (40.5)
Major 44 (59.5)

Pregnancy outcome
Loss <24 weeks 7 (9.5)
Still birth >24 weeks 8 (10.8)
Alive 59 (79.7)

Delivery time, n = 67
Term (>37 weeks) 39 (58.2)
Preterm (<37 weeks) 28 (41.8)

For categorical variables, counts (n) represent cases present; balance is absence (e.g., 74 − 11 = 63 for no folic acid
intake). 1 SD: standard deviation, 2 BMI: body mass index, 3 CA: congenital anomaly.

Maternal factors like age, BMI, folic acid use, maternal history of miscarriage, fam-
ily history of CAs, maternal diabetes, and fetal sex, showed no significant differences,
(p > 0.05).

Table 4 presents the results of a multiple binary logistic regression (forward conditional
selection) evaluating pregnancy outcomes associated with major CAs. Variables identified
from bivariate analysis with p < 0.20 were included: history of miscarriage (p = 0.155),
diabetes mellitus (DM) (p = 0.146), gestational age at diagnosis (p < 0.001), and birthweight
(p < 0.001). Stillbirths (>24 weeks) and early pregnancy losses (<24 weeks) were excluded
due to zero counts in one cell, which resulted in quasi-complete separation and potentially
biased estimates.

The final model retained gestational age at diagnosis and birthweight, achieving 73.1%
classification accuracy and a Nagelkerke R2 of 0.461, indicating that 46.1% of the variance
in the likelihood of a major CA was explained by the model.

Gestational age at diagnosis was inversely associated with major CAs, B = −0.124,
OR = 0.884, p = 0.039, (95% CI: 0.786,0.944), reducing odds by 11.6% per week, reflecting
earlier detection of severe cases. Birthweight also showed an inverse relationship, B = −2.896,
OR = 0.055, p = 0.002, (95% CI: 0.008,0.361), cutting odds by 94.5% per kg, consistent with lower
weights in major CAs as shown in Table 4.
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Table 3. Type of congenital anomalies in relation to maternal and fetal factors.

Scale Variable
Type of Congenital Anomaly

Test Value p-Value
Minor Major

Maternal age 33.2 ± 6.4 31.6 ± 7.1 0.960 0.340 t

BMI 1 29.2 ± 4.7 28.5 ± 4.1 0.074 0.465 t

Parity 2.2 ± 1.7 2.2 ± 1.8 0.040 0.972 t

Birthweight/kg 3.2 ± 0.3 3.0 ± 0.7 4.830 <0.001 *t

GA 2 at CA 3 diagnosis 30.4 ± 5.5 24.2 ± 6.1 4.470 <0.001 *t

Type of Congenital Anomaly
Categorical Variable Minor

n(%)
Major
n(%)

Test Value p-Value

Folic acid 6 (54.5) 5 (45.5) 0.336 F

History of miscarriage 12 (32.4) 25 (67.6) 2.018 0.155 x2

History of an anomaly in the family 5 (62.5) 3 (37.5) 0.257 F

Presence of Diabetes 6 (66.7) 3 (33.3) 0.146 F

Gender: Female 10 (43.5) 13 (56.5)
0.119 0.730 x2

Male 20 (39.2) 31 (60.8)
Pregnancy outcome >24 weeks

0.007 *FAlive 30 (50.8) 29 (49.2)
Stillbirth 0 (0.0) 8 (100.0)

Pregnancy Loss <24 weeks 0 (0.0) 7 (100.0) 0.037 *F

Term delivery (>37 weeks), N = 39 26 (66.7) 13 (33.3)
5.406 0.064 FH

Preterm delivery (<37 weeks), N = 28 4 (14.3) 24 (85.7)
For categorical variables, counts represent the “Yes” category; balance is “No” (e.g., 63 − 5 − 6 = 52 for no
folic acid use). 1 BMI: body mass index, 2 GA: gestational age, 3 CA: congenital anomaly. t: independent t-test,
X2 chi-square, F: Fisher exact test, FH, Fisher-freeman-Halton test. * Statistically significant, p-value < 0.05.

Table 4. Pregnancy outcomes association with major congenital anomalies, N = 62.

Variable B 1 S.E. 2 p-Value Ors 3

95% C.I. 4 for
(ORs)

Lower Upper

GA 5 at diagnosis −0.124 0.060 0.039 0.884 0.786

Birthweight (kg) −2.896 0.957 0.002 0.055 0.008
1 B: Estimated coefficient, 2 S. E: standard error, 3 ORs: odd ratios, 4 C.I: confidence interval; 5 GA: gestational age.

4. Discussion
Among the 750 pregnant women evaluated at our MFMC over two years, 74 (9.9%)

were diagnosed antenatally with fetal CAs, indicating a prevalence of approximately one in
10 pregnancies within this referral population. Christianson et al. (2006) estimated a global CA
rate of 6% among live births, with Jordan at 73.3 per 1000 live births [15], which is lower than
our 98.6 per 1000, likely due to our antenatal focus versus live birth reporting. Similarly Lawn
et al. [16] noted that CAs cause less than 10% of stillbirths globally, aligning with our 10.8%
stillbirth rate (all major CAs), though higher detection here may reflect the use of advanced
diagnostics and the absence of termination options, unlike settings with lower rates (e.g., 2.5%
in South Africa) or higher antenatal incidence (e.g., 21% in Ireland) [16].

Our antenatal CA rate of 98.6 per 1000 pregnancies exceeds many published live birth
rates, reflecting differences in reporting (antenatal vs. birth prevalence) and our clinic’s role
as a referral unit for high-risk cases in southern Jordan. In Saudi Arabia, Kurdi et al. [17]
reported a CA rate of 41.2 per 1000 births in 2019, down from 46.5 per 1000 in 2015 [18],
attributed to advanced screening, systematic antenatal care, and access to termination for
major anomalies. Public awareness campaigns promoting prenatal folic acid use also likely
contributed [17], suggesting potential benefits for Jordan, given our high CNS anomaly
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rate. Regional declines are evident elsewhere: In Qatar, an extended population-based
analysis [19] estimated the prevalence at 13 per 1000 live births, a decrease from the
73.4 per 1000 reported by the March of Dimes Foundation in 2006 [15]. Similarly, a study in
Egypt estimated the prevalence at two per 1000 live births [20], compared to a previously
reported rate of 65.3 per 1000 live births [15].

Breaking down the anomaly patterns, urinary system anomalies were the most com-
mon CAs (54%), followed by CNS anomalies (37.8%) and congenital heart disease (CHD)
(9%). Similarly Sallout et al. [18], in Saudi Arabia, found genitourinary anomalies pre-
dominant (21.28 per 1000 pregnancies), with hydronephrosis leading, either bilateral or
unilateral (8.5–8.7 per 1000), and a male bias (53.3% vs. 25% in females). In our cohort,
ventriculomegaly was the most frequent CNS anomaly, comprising about 32% of CNS
cases (9/28), consistent with Sallout et al. [18], where ventriculomegaly comprising 62.4%
of cranial anomalies.

Conversely, our CHD prevalence (9%) is notably lower than Kurdi et al.’s of 36% [17],
and a Jordan University Hospital study’s of 34% [21], where fetal echocardiography identi-
fied ventricular septal defect (VSD) as the most frequent anomaly (25%). This discrepancy
likely reflects our MFMC’s general focus compared to cardiac-specific screening elsewhere,
underscoring the importance of targeted diagnostics for CHD detection. Prenatal detection
of CHD varies between 25% and 75%, with significant differences observed across different
types of anomalies, as detection rates tend to be higher for those involving the four-chamber
view and lower for those affecting the outflow tracts [22].

Regarding severity distribution, of 74 antenatal CA cases, 44 (59.5%) were major and
30 (40.5%) were minor, with all stillbirths (10.8%) linked to major anomalies. This high
proportion of major CAs likely reflects referral bias, as cases from non-specialist general
obstetricians are often reclassified as major after specialist evaluation at our MFMC, and
enhanced detection via advanced diagnostics identifies more subtle defects. In Saudi
Arabia, Sallout et al. [18] reported an antenatal prevalence of major CAs of 52.17 per
1000 pregnancies, dropping to 46.5 per 1000 live births, suggesting losses similar to our
stillbirths. Similarly, Son et al. [8] found major CAs in 4.3% of live births compared to 23.4%
of stillbirths, mirroring our severity-outcome pattern. In contrast, the birth prevalence
of Qatar was 13 per 1000, which is lower [19], illustrating regional and methodological
heterogeneity. Over 90% of clinically significant CAs occur in middle- and low-income
settings like Jordan [15], highlighting the burden reflected in our findings.

In terms of sex distribution, our study found 68.9% of all CAs (51/74) in male fetuses
(M:F ~2.2:1), with major CAs at 60.8% male (27/44) and minor CAs at 40% male (12/30),
though this sex difference was not statistically significant for major anomalies (p > 0.05).
Ajarmeh et al. [23] similarly documented a male bias in southern Jordan, where 90% of
bilateral hydronephrosis cases were male (M:F 1.86:1), although our ratio includes all types
of CA, not only urinary anomalies. Verma et al. [6] also reported that urinary defects like
multicystic dysplastic kidneys and CHD, such as VSD, are more common in males, aligning
with our findings. Historical studies have reinforced the idea of sex-based differences
in CAs, with major CA prevalence at 3.9% in males vs. 2.8% in females [24], notably for
urinary defects (62% more frequent in males). This suggest that sex appears to influence
CA occurrence and type, highlighting the need for further study.

Shifting to risk factors, we categorized risk factors (RFs) by the WHO’s February 2023
congenital anomalies fact sheet [3]. Folic acid intake is crucial for reducing the incidence of
neural tube defects (NTDs), which are associated with an increased risk of spontaneous
abortion and stillbirth among affected fetuses [25]. Low folic acid intake, a key preventable
cause of NTDs, was evident in our cohort, with only 14.9% of mothers (11/74) reporting use.
Among non-users (63/74), 61.9% had fetuses with major CAs (39/63) and 38.1% with minor
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(24/63), though this was not significant (p > 0.05). This contrasts sharply with 93% usage in
a recent southern Jordan study [26], a 78% gap suggesting a modifiable RF. Globally, folate
deficiency drives NTDs, with high-income fortification cutting incidence, while low-income
regions like Jordan bear a heavier burden [4,15]. The March of Dimes Global Report on
Birth Defects [15] recommends 400 µg/day folic acid, achievable via supplementation or
diet, to curb NTDs—relevant given our 37.8% CNS rate. Larger regional studies could
confirm this link.

Additionally, diabetes mellitus (DM) affected 12.2% of our CA mothers (9/74), with 33%
of these fetuses having major CAs (3/9) and 67% minor (6/9). This may reflect better monitor-
ing reducing severity, aligning with a southern Jordan study showing 4.97% gestational DM,
among whom 5.6% had CA infants [27]. Similarly, Kurdi et al. [17] linked DM to 7.3% of CAs
in Saudi Arabia (OR 1.98, 95% CI: 1.33–2.95). Given the Middle East’s high DM prevalence,
universal gestational DM screening could mitigate CA risk through glycemic control.

The WHO identifies maternal age as an RF for chromosomal anomalies like Down
syndrome [3]. In our study, mean maternal age was 33.2 ± 6.4 years for minor CAs and
31.1 ± 7.1 years for major CAs, with no significant difference (p > 0.05), aligning with an Al
Karak study [10] showing higher CA prevalence at 30–34 years. Other studies show mixed
results: Egypt [28] found no age link (2.5% CA prevalence, peak 20–35 years), while a study
in the United Arab Emirates [29] noted 9.7% of CAs at ≥35 years without significance, and
others [6,30] tied advanced age to aneuploidies.

In the present study, BMI showed no correlation with CA type (p > 0.05), unlike Al-
Dewik et al. [19], where age ≥35 (OR 3.4) and underweight (OR 7.6) increased chromosomal
CA risk, and obesity raised multiple CA odds (OR 3.43).

A family history was found in 8% of our cohort (6/74), with higher proportion among
minor anomalies (62.5%) than major (37.5 although this was not significant (p > 0.05).
This exceeds the 3.3% reported by Abosafi [10] and aligns with regional findings [17,28],
although higher rates were seen elsewhere [18]. Family history screening, as recommended
by the March of Dimes [15], remains a valuable preventive strategy.

Regarding pregnancy outcomes, this study found gestational age at diagnosis, miscar-
riage <24 weeks, stillbirths, and low birthweight (LBW) differed significantly between CA
types (p < 0.05), though only gestational age at diagnosis (OR 0.884, p = 0.039) and birthweight
(OR 0.055, p = 0.002) were associated with major CAs in regression. The association between
congenital malformations and LBW has been extensively discussed in the literature. LBW
(<2500 g) was more prevalent in major CAs, consistent with studies linking congenital defects
to LBW [28,29,31] and Qatar’s OR of 5.88 [19]. Furthermore, LBW is more commonly observed
in babies with major congenital abnormalities than in those with minor anomalies [32,33].
Though our study did not look at birthweight by particular anomaly type, previous research
has indicated that fetuses with CHD tend to have lower birth-weight, implying a possible link
between some anomalies and compromised fetal growth [34].

Preterm delivery (<37 weeks) occurred in 53.6% of major CAs vs. 46.4% of minor,
supporting trends in preterm CA rates [28–30], though not significant in our final model
(p > 0.05). All stillbirths (10.8%) were major CAs (p < 0.05), aligning with Son et al.’s [8]
OR of 4.33 for CA-related stillbirths, with higher risks for anomalies like cystic hygroma
(adjusted OR 29.97).

These outcomes highlight major CAs’ impact on fetal viability and growth, mirroring
regional patterns.

Recent studies indicate that especially in fetuses with CA, gestational age by itself
could not be enough to forecast results in preterm deliveries. Villar et al. suggest a
functional and etiologically focused method to more accurately define the preterm birth
syndrome and its effects in this group [35].



Diagnostics 2025, 15, 1201 9 of 11

4.1. Strengths

Comprehensive data on antenatal CAs in Jordan are scarce, and previous studies have
focused either on neonatal death or specific defects. This hospital-based investigation is the
first comprehensive report to deeply analyze maternal and fetal characteristics alongside CA
patterns (e.g., 9.86% prevalence, 59.5% major), filling a critical gap. It lays the groundwork
for future multicenter research in pursuit of enhancing child health, advancing sustainable
development goal 3 [36] through the prevention of avoidable neonatal and under-five
mortality due to CAs.

4.2. Limitations

This study’s single-center design at Al Karak MFMC limits generalizability to broader
Jordanian populations, a constraint that future multicenter studies could address. Addi-
tionally, the institutional medical record system separates maternal and neonatal records
post-delivery, initially linked under the mother’s name, then updated to the baby’s, compli-
cating outcome tracking, especially for neonatal intensive care unit cases. While capturing
many pregnancy outcomes (e.g., 10.8% stillbirths) [2], this restricts comprehensive CA
monitoring across the population.

5. Conclusions
Our study of 750 pregnant women at Al Karak MFMC revealed a 9.86% antenatal CA

rate, with 59.5% classified as major anomalies, indicating a considerable burden on hospital
resources. Major CAs were significantly associated with adverse outcomes, including LBW
(OR 0.055), stillbirths (10.8%, p < 0.05), and higher preterm delivery (53.6%), highlighting
the importance of early detection and management. Low folic acid supplementation
(14.9%) and the prevalence of maternal diabetes (12.2%) highlight modifiable risk factors,
emphasizing the need for strengthened prenatal supplementation and screening programs.
In contrast, demographic variables and family history showed no statistically significant
associations (p > 0.05).

Future studies with larger, more diverse populations are essential to better understand
the etiology of CAs and inform prevention strategies. Implementing universal screening
and establishing an active surveillance system are critical steps toward accurately mapping
CA patterns and prevalence across Jordan.
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Abbreviations
The following abbreviations are used in this manuscript:

BMI Body Mass Index
CA Congenital Anomaly
CAs Congenital Anomalies
LBW Low Birth Weight
OR Odds Ratio
CI Confidence Interval
RF Risk Factor
WHO World Health Organization
NTD Neural Tube Defect
CNS Central Nervous System
CHD Congenital Heart Disease
DM Diabetes Mellitus

References
1. Noakes, D.E.; Parkinson, T.J.; England, G.C.W. Veterinary Reproduction and Obstetrics, 10th ed.; Elsevier Health Sciences: Amster-

dam, The Netherlands, 2018.
2. World Health Organization. Birth Defects Surveillance: A Manual for Programme Managers, 2nd ed.; World Health Organization:

Geneva, Switzerland, 2015.
3. Congenital Disorders. Available online: https://www.who.int/health-topics/congenital-anomalies (accessed on 23 April 2025).
4. Bai, Z.; Han, J.; An, J.; Wang, H.; Du, X.; Yang, Z.; Mo, X. The Global, Regional, and National Patterns of Change in the

Burden of Congenital Birth Defects, 1990–2021: An Analysis of the Global Burden of Disease Study 2021 and Forecast to 2040.
eClinicalMedicine 2024, 77, 102873. [CrossRef]

5. Wang, H.; Bhutta, Z.A.; Coates, M.M.; Coggeshall, M.; Dandona, L.; Diallo, K.; Franca, E.B.; Fraser, M.; Fullman, N.; Gething,
P.W.; et al. Global, Regional, National, and Selected Subnational Levels of Stillbirths, Neonatal, Infant, and under-5 Mortality,
1980–2015: A Systematic Analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388, 1725–1774. [CrossRef] [PubMed]

6. Verma, R.P. Evaluation and Risk Assessment of Congenital Anomalies in Neonates—PMC. Available online: https://pmc.ncbi.
nlm.nih.gov/articles/PMC8534483/ (accessed on 22 April 2025).

7. Shetty, N.; Mantri, S.; Agarwal, S.; Potdukhe, A.; Wanjari, M.B.; Taksande, A.B.; Yelne, S. Unraveling the Challenges: A Critical Review
of Congenital Malformations in Low Socioeconomic Strata of Developing Countries. Cureus 2023, 15, e41800. [CrossRef] [PubMed]

8. Son, S.L.; Allshouse, A.A.; Page, J.M.; Debbink, M.P.; Pinar, H.; Reddy, U.; Gibbins, K.J.; Stoll, B.J.; Parker, C.B.; Dudley, D.J.; et al.
Stillbirth and Fetal Anomalies: Secondary Analysis of a Case-Control Study. BJOG Int. J. Obstet. Gynaecol. 2021, 128, 252–258.
[CrossRef] [PubMed]

9. Shattnawi, K.K.; Khader, Y.S.; Alyahya, M.S.; Al-Sheyab, N.; Batieha, A. Rate, Determinants, and Causes of Stillbirth in Jordan: Findings
from the Jordan Stillbirth and Neonatal Deaths Surveillance (JSANDS) System. BMC Pregnancy Childbirth 2020, 20, 571. [CrossRef]

10. Abosafi, A. Prevalence of Congenital Anomalies in Karak Governmental Hospital. Jordan Med. J. 2010, 44, 323–328.
11. International Classification of Diseases (ICD). Available online: https://www.who.int/standards/classifications/classification-

of-diseases (accessed on 23 April 2025).
12. Griffiths, P.D.; Reeves, M.J.; Morris, J.E.; Mason, G.; Russell, S.A.; Paley, M.N.J.; Whitby, E.H. A Prospective Study of Fetuses with

Isolated Ventriculomegaly Investigated by Antenatal Sonography and In Utero MR Imaging. AJNR Am. J. Neuroradiol. 2010, 31, 106–111.
[CrossRef]

13. Ch-091-Antenatally-Detected-Hydronephrosis.Pdf. Available online: https://iapindia.org/pdf/Ch-091-Antenatally-Detected-
Hydronephrosis.pdf (accessed on 23 April 2025).

14. Gordin Kopylov, L.; Dekel, N.; Maymon, R.; Feldman, N.; Zimmerman, A.; Hadas, D.; Melcer, Y.; Svirsky, R. Prenatally Diagnosed
Isolated Perimembranous Ventricular Septal Defect: Genetic and Clinical Implications. Prenat. Diagn. 2022, 42, 461–468. [CrossRef]

15. Christianson, A.; Howson, C.P.; Modell, B. Global-Report-on-Birth-Defects-The-Hidden-Toll-of-Dying-and-Disabled-Children-
Full-Report.Pdf. Available online: https://www.prevencioncongenitas.org/wp-content/uploads/2017/02/Global-report-on-
birth-defects-The-hidden-toll-of-dying-and-disabled-children-Full-report.pdf (accessed on 23 April 2025).

16. Lawn, J.E.; Blencowe, H.; Waiswa, P.; Amouzou, A.; Mathers, C.; Hogan, D.; Flenady, V.; Frøen, J.F.; Qureshi, Z.U.; Calderwood,
C.; et al. Stillbirths: Rates, Risk Factors, and Acceleration towards 2030. Lancet 2016, 387, 587–603. [CrossRef]

17. Kurdi, A.M.; Majeed-Saidan, M.A.; Rakaf, M.S.A.; AlHashem, A.M.; Botto, L.D.; Baaqeel, H.S.; Ammari, A.N. Congenital
Anomalies and Associated Risk Factors in a Saudi Population: A Cohort Study from Pregnancy to Age 2 Years. BMJ Open 2019, 9,
e026351. [CrossRef]

https://www.who.int/health-topics/congenital-anomalies
https://doi.org/10.1016/j.eclinm.2024.102873
https://doi.org/10.1016/S0140-6736(16)31575-6
https://www.ncbi.nlm.nih.gov/pubmed/27733285
https://pmc.ncbi.nlm.nih.gov/articles/PMC8534483/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8534483/
https://doi.org/10.7759/cureus.41800
https://www.ncbi.nlm.nih.gov/pubmed/37575853
https://doi.org/10.1111/1471-0528.16517
https://www.ncbi.nlm.nih.gov/pubmed/32946651
https://doi.org/10.1186/s12884-020-03267-2
https://www.who.int/standards/classifications/classification-of-diseases
https://www.who.int/standards/classifications/classification-of-diseases
https://doi.org/10.3174/ajnr.A1767
https://iapindia.org/pdf/Ch-091-Antenatally-Detected-Hydronephrosis.pdf
https://iapindia.org/pdf/Ch-091-Antenatally-Detected-Hydronephrosis.pdf
https://doi.org/10.1002/pd.6128
https://www.prevencioncongenitas.org/wp-content/uploads/2017/02/Global-report-on-birth-defects-The-hidden-toll-of-dying-and-disabled-children-Full-report.pdf
https://www.prevencioncongenitas.org/wp-content/uploads/2017/02/Global-report-on-birth-defects-The-hidden-toll-of-dying-and-disabled-children-Full-report.pdf
https://doi.org/10.1016/S0140-6736(15)00837-5
https://doi.org/10.1136/bmjopen-2018-026351


Diagnostics 2025, 15, 1201 11 of 11

18. Sallout, B.; Obedat, N.; Shakeel, F.; Mansoor, A.; Walker, M.; Al-Badr, A. Prevalence of Major Congenital Anomalies at King Fahad
Medical City in Saudi Arabia: A Tertiary Care Centre-Based Study. Ann. Saudi Med. 2015, 35, 343–351. [CrossRef] [PubMed]

19. Al-Dewik, N.; Samara, M.; Younes, S.; Al-jurf, R.; Nasrallah, G.; Al-Obaidly, S.; Salama, H.; Olukade, T.; Hammuda, S.; Marlow,
N.; et al. Prevalence, Predictors, and Outcomes of Major Congenital Anomalies: A Population-Based Register Study. Sci. Rep.
2023, 13, 2198. [CrossRef] [PubMed]

20. Shawky, R.; Sadik, D. Congenital Malformations Prevalent among Egyptian Children and Associated Risk Factors. World Pumps
2011, 12, 69–78. [CrossRef]

21. Tutunji, L.; Thekrallah, F.; Basha, A.; Awaysheh, B.; Amer, S.; Khatib, L.; Hamdan, L.; Saber, N.; Mustafa, A.; Jadallah, R.; et al.
Prenatal Detection of Fetal Heart Disease at Jordan University Hospital: Early Experience in a Developing Country. Cardiol. Young
2019, 29, 1072–1077. [CrossRef] [PubMed]

22. Ciulpan, A.; Lacatus, u, A.; Pop, L.L.; Paul, C.; Lungeanu, D.; Iacob, D.; Bernad, B.-C.; Lascu, A.; Maghet, E.; Arnautu, D.-A.;
et al. Incidence and Antenatal Detection of Congenital Heart Malformations—Data from a Tertiary Obstetric Romanian Center.
Diagnostics 2024, 14, 1659. [CrossRef]

23. Ajarmeh, S.A.; Farah, R.I. Outcome of Patients with Antenatal Hydronephrosis: A Study Form South Jordan. Rawal Med. J. 2019, 44, 524.
24. Lary, J.M.; Paulozzi, L.J. Sex Differences in the Prevalence of Human Birth Defects: A Population-Based Study. Teratology 2001, 64,

237–251. [CrossRef]
25. Gaskins, A.J.; Rich-Edwards, J.W.; Hauser, R.; Williams, P.L.; Gillman, M.W.; Ginsburg, E.S.; Missmer, S.A.; Chavarro, J.E. Maternal

Prepregnancy Folate Intake and Risk of Spontaneous Abortion and Stillbirth. Obstet. Gynecol. 2014, 124, 23–31. [CrossRef]
26. Al-Kharabsheh, A.M.; Alahmad, I.F.; Al-Tamimi, M.M.; Abufraijeh, S.M.; Alnawaiseh, N. Prevalence of Maternal Anemia in

Southern Jordan: Findings from a Cross-Sectional Study and 5-Year Review. Healthcare 2024, 12, 2495. [CrossRef]
27. Al-Kharabsheh, A.M.; Abufraijeh, S.M.; Al-Tarawneh, A.K.; Al-Masarwah, H.K.; Azzam, O.H.A. Gestational Diabetes Manage-

ment and Outcomes in South Jordan: Metformin Alone vs. Metformin-Insulin Therapy, A Retrospective Cohort Study. Clin. Exp.
Obstet. Gynecol. 2024, 51, 239. [CrossRef]

28. El Koumi, M.A.; Al Banna, E.A.; Lebda, I. Pattern of Congenital Anomalies in Newborn: A Hospital-Based Study. Pediatr. Rep.
2013, 5, e5. [CrossRef] [PubMed]

29. Aryasinghe, L.; Moezzi, D.; Ansari, T.A.; Mathew, E.; Sharbatti, S.A.; Shaikh, R.B. Congenital Anomalies at Birth: A Hospital
Based Study in UAE. J. Nepal Paediatr. Soc. 2012, 32, 105–112. [CrossRef]

30. El-Attar, L.M.; Bahashwan, A.A.; Bakhsh, A.D.; Moshrif, Y.M. The Prevalence and Patterns of Chromosome Abnormalities in Newborns
with Major Congenital Anomalies: A Retrospective Study from Saudi Arabia. Intractable Rare Dis. Res. 2021, 10, 81–87. [CrossRef]

31. Gedamu, S.; Sendo, E.G.; Daba, W. Congenital Anomalies and Associated Factors among Newborns in Bishoftu General Hospital,
Oromia, Ethiopia: A Retrospective Study. J. Environ. Public Health 2021, 2021, 2426891. [CrossRef] [PubMed]

32. Walden, R.V.; Taylor, S.C.; Hansen, N.I.; Poole, W.K.; Stoll, B.J.; Abuelo, D.; Vohr, B.R.; National Institute of Child Health and
Human Development Neonatal Research Network. Major Congenital Anomalies Place Extremely Low Birth Weight Infants at
Higher Risk for Poor Growth and Developmental Outcomes. Pediatrics 2007, 120, e1512–e1519. [CrossRef]

33. Congenital Anomalies in Very-Low-Birth-Weight Infants: A Nationwide Cohort Study|Neonatology|Karger Publishers. Avail-
able online: https://karger.com/neo/article-abstract/117/5/584/231908/Congenital-Anomalies-in-Very-Low-Birth-Weight?
redirectedFrom=fulltext (accessed on 23 April 2025).

34. Inversetti, A.; Fesslova, V.; Deprest, J.; Candiani, M.; Giorgione, V.; Cavoretto, P. Prenatal Growth in Fetuses with Isolated Cyanotic
and Non-Cyanotic Congenital Heart Defects. Fetal Diagn. Ther. 2018, 47, 411–419. [CrossRef]

35. Villar, J.; Cavoretto, P.I.; Barros, F.C.; Romero, R.; Papageorghiou, A.T.; Kennedy, S.H. Etiologically Based Functional Taxonomy of
the Preterm Birth Syndrome. Clin. Perinatol. 2024, 51, 475–495. [CrossRef]

36. SDG-3 Health.Pdf. Available online: https://www.undp.org/sites/g/files/zskgke326/files/publications/SDG-3%20Health.pdf
(accessed on 23 April 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5144/0256-4947.2015.343
https://www.ncbi.nlm.nih.gov/pubmed/26506967
https://doi.org/10.1038/s41598-023-27935-3
https://www.ncbi.nlm.nih.gov/pubmed/36750603
https://doi.org/10.1016/j.ejmhg.2011.02.016
https://doi.org/10.1017/S1047951119001550
https://www.ncbi.nlm.nih.gov/pubmed/31287035
https://doi.org/10.3390/diagnostics14151659
https://doi.org/10.1002/tera.1070
https://doi.org/10.1097/AOG.0000000000000343
https://doi.org/10.3390/healthcare12242495
https://doi.org/10.31083/j.ceog5111239
https://doi.org/10.4081/pr.2013.e5
https://www.ncbi.nlm.nih.gov/pubmed/23667734
https://doi.org/10.3126/jnps.v32i2.5995
https://doi.org/10.5582/irdr.2021.01016
https://doi.org/10.1155/2021/2426891
https://www.ncbi.nlm.nih.gov/pubmed/33859704
https://doi.org/10.1542/peds.2007-0354
https://karger.com/neo/article-abstract/117/5/584/231908/Congenital-Anomalies-in-Very-Low-Birth-Weight?redirectedFrom=fulltext
https://karger.com/neo/article-abstract/117/5/584/231908/Congenital-Anomalies-in-Very-Low-Birth-Weight?redirectedFrom=fulltext
https://doi.org/10.1159/000493938
https://doi.org/10.1016/j.clp.2024.02.014
https://www.undp.org/sites/g/files/zskgke326/files/publications/SDG-3%20Health.pdf

	Introduction 
	Materials and Methods 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Strengths 
	Limitations 

	Conclusions 
	References

