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ABSTRACT

Objective: Advanced maternal age is known to be a risk factor for Down syndrome. This study aimed to investigate
whether maternal age affects the development and severity of congenital heart defects in patients with Down syndrome.

Material and Methods: A total of 394 patients with Down syndrome who presented to our center between 2018 and 2024
and underwent at least one echocardiographic examination in the pediatric cardiology outpatient clinic were included
in the study. Maternal age, gravidity, parity, gestational age, and birth weight were retrospectively evaluated, and their
relationships with the severity of congenital heart defects were analyzed.

Results: The study included 221 boys (53.6%) and 183 girls (46.4%). The mean gestational age was 36.85+2.46 weeks,
and the mean birth weight was 2783.25+574.21 g. The mean maternal age among patients for whom this information
was available was 37+5.96 years. The most common congenital heart defects were ventricular septal defect (24.87%),
atrioventricular septal defect (16.49%), atrial septal defect (10.91%), and tetralogy of Fallot (4.56%). Of the cases, 41.6%
required intervention, whereas 35.25% had no cardiac pathology.

Conclusion: No statistically significant correlation was found between maternal age and the type or severity of congenital
heart defects. Investigating the influence of other factors and conducting multicenter studies, where possible, may be
beneficial.
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Down sendromlu bebeklerde dogustan kalp kusurlari ve siddeti lizerine
anne yasinin etkisi

OZET

Amag: ileri anne yasi, Down sendromu igin bir risk faktérii olarak bilinmektedir. Bu ¢alisma, anne yasinin Down sendromlu hastalarda dogustan kalp
kusurlarinin gelisimi ve siddeti tizerindeki etkisini arastirmayi amaglamaktadir.

Gereg ve Yontemler: 2018-2024 yillari arasinda merkezimize basvuran ve pediatrik kardiyoloji polikliniginde en az bir kez ekokardiyografi yapilan 394
Down sendromlu hasta ¢alismaya dahil edildi. Anne yasi, gebelik ve dogum sayisi, dogum haftasi ve dogum agirhgi retrospektif olarak degerlendirildi ve
bunlarin dogustan kalp kusurlarinin siddetiyle iliskisi analiz edildi.

Bulgular: Calismaya 221 erkek (%53,6) ve 183 kiz (%46,4) hasta dahil edildi. Olgularin ortalama dogum haftasi 36,85+2,46 hafta, ortalama dogum agirligi
ise 2783,251574,21 g idi. Yaglari bilinen annelerin ortalama yasi 375,96 yildi. En sik goriilen dogustan kalp kusurlari sirasiyla ventrikiiler septal defekt
(%24,87), atriyoventrikuler septal defekt (%16,49), atriyal septal defekt (%10,91) ve Fallot tetralojisi (%4,56) idi. Olgularin %41,6’sina midahale gerekti.
Olgularin %35,25’inde herhangi bir kalp patolojisi yoktu.

Tartisma: Anne yasi ile dogustan kalp kusurlarinin tirli ve siddeti arasinda istatistiksel olarak anlamli bir iliski bulunmadi. Diger faktérlerin etkisinin

arastirilmasinin ve miimkiinse ¢ok merkezli galismalar yapilmasinin yararli olacagi sonucuna varildi.

Anahtar Kelimeler: Anne yasi; dogustan kalp kusuru; Down sendromu; ekokardiyografi.
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INTRODUCTION

Down syndrome is the most prevalent chromosomal anomaly
compatible with life, occurring in approximately 16 per 10,000
live births (1). Congenital heart defects are observed in 40%—
60% of patients with Down syndrome (2—4). and approximately
50% of these defects are severe (5).

Advanced maternal age is generally accepted as a risk factor for
Down syndrome (6). Age-related changes in oocyte quality are
thought to play a role in this association (6). However, it remains
unclear whether maternal age, gravidity, parity, and birth
characteristics affect the risk and severity of congenital heart
defects (6). This study aimed to investigate the relationships
between maternal age, gravidity, parity, gestational age, birth
weight, and the prevalence and severity of congenital heart
defects in patients with Down syndrome.

Although advanced maternal age is a well-established risk
factor for Down syndrome, its specific role in determining
the phenotypic severity of associated cardiac defects remains
poorly understood. This study addresses a critical gap in prenatal
counseling by evaluating whether maternal age can serve as a
predictor of the clinical management needs of these infants.

MATERIAL AND METHODS

This retrospective cohort study analyzed the effect of maternal
age on the severity of congenital heart defects in patients with
Down syndrome.

The study included patients with a genetic diagnosis of Down
syndrome who presented to our center between 2018 and 2024
and underwent at least one echocardiographic examination
in the pediatric cardiology outpatient clinic. Patients who did
not undergo echocardiographic examination were excluded
from the study. The patients’ sex, gestational age, birth
weight, maternal age, gravidity, parity, consanguinity, and
the type and severity of congenital heart defects detected by
echocardiography were evaluated.

The gestational ages of the patients were classified as <28
weeks, 28-32 weeks, 32—-37 weeks, and >37 weeks. Birth
weights were classified as 1000-1500 g, 1500-2500 g, and
>2500 g. Cases with more than one congenital heart defect
detected on echocardiography were classified according to
the major defect. Congenital heart defects were classified into
three groups according to their severity. Group 1 included
cases with normal echocardiographic findings, patent foramen
ovale, or physiological valvular insufficiency. Group 2 included
moderately severe defects that did not require intervention or
surgery but required follow-up, hemodynamically insignificant
defects (e.g., small ventricular or atrial septal defects), and
valvular insufficiencies (e.g., mild insufficiency requiring
endocarditis prophylaxis during surgical procedures). Group 3
included cases with severe defects requiring medical, surgical,
or catheter-based intervention or those with severe pulmonary
hypertension.
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A dataset comprising 394 patients with Down syndrome was
analyzed to identify associations between congenital heart
defect type and other patient characteristics. Maternal age
was treated as a continuous variable, whereas sex, gestational
age, birth weight, gravidity, parity, twin status, consanguinity,
and echocardiographic findings were treated as categorical
variables. Analyses were conducted using an available-case
approach. Patients with missing data for a specific variable
were excluded only from analyses involving that variable. Data
entry and storage were performed using Microsoft Excel 2016.
Data cleaning, recoding, descriptive summaries, and quality
control procedures were performed using R version 4.4.0
with the “dplyr” and “summarytools” packages. All inferential
statistical analyses and hypothesis tests were performed
using SPSS version 30 (IBM SPSS Statistics, IBM Corporation,
Armonk, NY, USA).

Statistical Analysis

All formal statistical analyses and tests were conducted using
SPSS version 30 (IBM SPSS Statistics, IBM Corporation, Armondk,
NY, USA) on a personal computer. Data storage, preprocessing,
and chart creation were performed using Microsoft Excel 2016.
The normality of variable distributions was assessed using the
Kolmogorov—Smirnov test, histograms, coefficients of variation,
detrended Q-Q plots, and skewness and kurtosis analyses. A
p-value of <0.05 was considered statistically significant. Group
comparisons were performed using the independent-samples
t-test and Mann—Whitney U test, as appropriate, because of the
non-Gaussian distribution of the data.

Categorical variables were compared using Pearson’s chi-
square test when the assumptions of the test were satisfied,
namely, when no more than 20% of the expected cell counts
were <5 and no expected cell count was <1. For contingency
tableslargerthan 2x2inwhichthese assumptions were violated
because of sparse data or low expected cell frequencies,
the Fisher—-Freeman—Halton exact test was applied. Before
the analyses, expected frequencies were examined for all
contingency tables to determine the appropriate statistical
test. The association between echocardiographic findings and
sex was analyzed using Pearson’s chi-square test, whereas
comparisons involving variables with sparse categories,
including gestational age, birth weight, gravidity, parity,
twin status, and consanguinity, were evaluated using the
Fisher—Freeman—Halton exact test when the assumptions of
the chi-square test were not met. For statistically significant
associations identified using the chi-square test, Cramér’s
V coefficient was calculated to assess the strength of the
association between categorical variables.

Ethical Approval

This study was conducted in accordance with the ethical
principles outlined in the 2013 revision of the Declaration of
Helsinki. All participants provided written informed consent
or, in the case of minors, written assent with parental consent
before participation in the study.
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Table 1. The freq

birth weights

n %

Birth week 282

<28 weeks 2 0.7

28-32 weeks 11 3.9

32-37 weeks 129 45.7

>37 weeks 140 49.6
Birth weight 286

1-1.5 kg 6 2.1

1.5-2.5 kg 77 26.9

>2.5 kg 203 71.0

Figure 1. Distribution of gravidity.

Ethical approval was granted by the Clinical Research Ethics
Committee of the University of Health Sciences Zeynep Kamil
Gynecology and Pediatrics Training and Research Hospital
(approval number: 159; date: December 6, 2023).

RESULTS

The study included a total of 394 patients (221 boys [53.6%)]
and 183 girls [46.4%]) who were genetically and phenotypically
diagnosed with Down syndrome. The boy-to-girl ratio was 1.15.
The mean gestational age of the cases was 36.85+2.46 weeks,
and their mean birth weight was 2783.25+574.21 g.

One hundred and forty cases (49.6%) were born at 237 weeks,
129 cases (45.7%) were born between 32 and 37 weeks, 11
cases (3.9%) were born between 28 and 32 weeks, and 2 cases
(0.7%) were born before 28 weeks of gestation (Table 1).

The mean age of the mothers whose ages were known was 37+5.96
years (minimum: 21; maximum: 48). Gravidity ranged from 1 to
10, and parity ranged from 1 to 10, as demonstrated in Figures
1 and 2, respectively. Eight cases were twins. Consanguineous
marriage was present in the families of 21 cases (11.4%).

As shown in Figure 1, Down syndrome was most frequently
observed in the third, second, first, fourth, and fifth pregnancies,
respectively. Among 237 cases, 15.2% were G1, 24.9% were G2,
28.3% were G3, 14.3% were G4, 8.4% were G5, 3.4% were G6,
2.1% were G7, 2.1% were G8, 0.8% were G9, and 0.4% were
G10. Gravidity data were unavailable for 157 cases.
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Table 2. Type of cong

echocardiography

Type of defect n %
Ventricular septal defect 98 24.87
Atrio ventricular septal defect 65 16.49
Atrial septal defect 43 10.91
Tetralogy of fallot 18 4.56
Patent ductus arteriosus 15 3.80
Coarctation of aorta 3 0.76
Hypoplastic left ventricular syndrome 1 0.25
Aortic arch anomaly 3 0.76
Coronary artery fistula 2 0.50
Mitral valve prolapse 1 0.25
Partial anomalous pulmonary venous return 1 0.25
Wolff-Parkinson-white syndrome 5 1.26
Normal/patent foramen ovale 139 35.27

As shown in Figure 2, which demonstrates the distribution of
parity, third-, second-, and first-born children were the most
common among the 240 cases in our study group. Parity data
were unavailable for 154 cases.

Six cases had translocation-type trisomy, six had mosaic trisomy,
one had 48,XXY,+21, and one had 48,XXX,+21.

The types of congenital heart defects observed are presented
in Table 2. Cases with more than one defect were classified
according to the major defect.

Although the most commonly observed congenital heart defect
was ventricular septal defect (24.87%), only 53 defects were
significant and required treatment, whereas the remaining
defects were hemodynamically insignificant and expected to
close spontaneously. Five cases of atrioventricular septal defect
(AVSD) were accompanied by aortic coarctation, pulmonary
stenosis, tetralogy of Fallot, or atrial isomerism. All AVSD cases
except one were balanced. Six patients had intermediate or
transitional AVSD. Atrioventricular septal defect was more
common in girls than in boys (36 girls and 29 boys), whereas

Table 3. Distribution of congenital heart defe

Group 1 Group 2
n % n %
Male 92 23 45 11
Female 47 12 46 12
Total 139 35 91 23

Cramer’s V=0.1899926.
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Figure 2. Distribution of parity.

tetralogy of Fallot was more common in boys (11 boys and 7
girls). Tetralogy of Fallot (ToF) was observed in 18 patients. One
patient with ToF also had a ventricular septal defect (VSD) and
pulmonary atresia.

When the cases were classified according to their
echocardiographic findings, 139 cases (35.3%) were in Group 1,
91 cases (23.1%) were in Group 2, and 164 cases (41.6%) were
in Group 3, as shown in Figure 3.

The distribution of congenital heart defect groups according to
sex is presented in Table 3.

Maternal ages were classified as <35 years, 35—40 years, and
>40 years to evaluate the frequency of each congenital heart
defect group according to maternal age, as shown in Table 4.

Pearson’s chi-square test was used to analyze the association
between echocardiographic findings and sex because the
assumptions of the chi-square test were satisfied. For variables
with sparse categories and low expected cell frequencies,
including gestational age, birth weight, gravidity, parity, twin
status, and consanguinity, the Fisher—Freeman—Halton exact
test was applied. No statistically significant associations were
identified between echocardiographic findings and gestational
age, birth weight, gravidity, parity, twin status, consanguinity, or
maternal age categories (p>0.05).

A statistically significant relationship was found between

echocardiographic findings and sex (p<0.05). The strength of
this relationship, evaluated using Cramér’s V, was relatively

Group 3 Total
n % n %
74 19 211 53
90 23 183 47
164 42 394 100

Group 1: Normal echocardiograms, Group 2: Moderately severe or hemodynamically insignificant defects (e.g., small VSD/ASD) and requiring follow-up but no
immediate intervention. Group 3: Severe defects requiring medical, surgical, or invasive intervention, or presence of severe pulmonary hypertension. Row%
represents the percentage within the gender; Total% represents the percentage within the entire cohort. ¥*(2)=14.222, p=0.000816 (Pearson Chi-square);
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Figure 3. Distribution of congenital heart defects according to severity.

Group 1: Normal echocardiograms, Group 2: Moderately severe or hemodynamically
insignificant defects (e.g., small VSD/ASD) and requiring follow-up but no immediate
intervention. Group 3: Severe defects requiring medical, surgical, or invasive interven-
tion, or presence of severe pulmonary hypertension.

weak despite being statistically significant (Cramér’s V=0.190).
Female patients had a higher proportion of severe congenital
heart defects than male patients (Group 3: 23% vs. 19%;
p<0.05).

The Kruskal-Wallis test was used to analyze the relationship
between maternal age as a numerical variable and
echocardiographic findings. No statistically significant difference
was found among the groups (p>0.05).

DISCUSSION

The primary finding of this study is that maternal age does not
significantly influence the type or severity of congenital heart
defects in children with Down syndrome. Although advanced
maternal age increases the risk of nondisjunction, our data
suggest that it does not necessarily determine the subsequent
cardiac phenotype.

It is widely accepted that the risk of Down syndrome increases
with advanced maternal age, particularly after 35 years (7, 8).

Table 4. Distribution of congenital heart

Group 1 Group 2
n % n %
<35 22 10.3 23 10.7
35-40 22 10.3 16 7.5
>=40 17 7.9 22 10.3
Total 61 28.5 61 28.5

>0.05 (Pearson Chi-square). No statistically significant association was found.
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Approximately 88% of cases result from meiotic nondisjunction
and are of maternal origin (9). The remaining cases are
attributed to translocation (4.5%), mosaicism (2.3%), and,
rarely, duplication (9).

The boy-to-girl ratio of 1.15 in our study was close to the average
European ratio of 1.3 (10). Approximately half of the cases were
premature births, most of which were late preterm. The birth
weights of 70% of the cases were >2500 g. These findings were
consistent with those of similar studies (11, 12). Most cases
were conceived during the third pregnancy and were third-born
children, which may be associated with the increasing risk of
Down syndrome with advancing maternal age.

The prevalence of congenital heart defects in patients with Down
syndrome is generally reported to be approximately 40%—60%
(24, 13), ranging from 27% to 79% across different studies and
populations (1). With advances in perinatology and the increase
in voluntary pregnancy termination, the prevalence and types
of congenital heart defects in Down syndrome have changed
(14). In societies where pregnancy termination is culturally,
religiously, or legally prohibited, however, no such change has
been observed (12, 15). In our study, 65% of the cases had
cardiac findings, and 42% had severe congenital heart defects.

Atrioventricular septal defect is usually reported as the most
common type of congenital heart defect in Down syndrome (3,
6,16, 17).1n 1992, identified a narrow locus on chromosome 21
associated with atrioventricular septal defect (2, 9). However,
the etiology of congenital heart defects in Down syndrome has
not yet been fully elucidated and is thought to be multifactorial,
with contributions from genetic factors and environmental
exposures.

A smaller number of studies, however, have reported ventricular
septal defectasthe most commontype of congenital heart defect
in Down syndrome (11), with a particularly high prevalence
among Asian patients (5, 6, 11). Similarly, ventricular septal
defect was the most frequent type of congenital heart defect
in our study. However, when hemodynamically insignificant
ventricular septal defects were excluded, atrioventricular septal
defect was more common.

A statistically significant but weak association was found
between sex and congenital heart defect type. Consistent

Group 3 Total
n % n %
31 14.5 76 35.5
35 16.4 73 34.2
26 12.1 65 30.3
92 43 214 100

Group 1: Normal echocardiograms, Group 2: Moderately severe or hemodynamically insignificant defects (e.g., small VSD/ASD) and requiring follow-up but no
immediate intervention. Group 3: Severe defects requiring medical, surgical, or invasive intervention, or presence of severe pulmonary hypertension. p- value
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with similar studies, atrioventricular septal defect was more
common in girls, whereas tetralogy of Fallot was more
common in boys (10, 18). Severe congenital heart defects
classified as Group 3 were observed in two of the six patients
with translocation-type Down syndrome and in two of the six
patients with mosaic-type Down syndrome. These rates were
not considerably different from those observed in patients
with the classical type.

Interestingly, although the prevalence of Wolff-Parkinson—
White syndrome has been reported to be 1-3 per 1000
individuals in large-scale general population studies (19),
five patients in our study who had normal echocardiographic
findings were diagnosed with Wolff-Parkinson—White (WPW)
syndrome on electrocardiography. Although this association
with WPW syndrome is noteworthy, it may be coincidental
given the limited sample size of the present study. Further
studies involving larger patient populations are required.

Although it is widely accepted that advanced maternal age
increases the risk of Down syndrome, no association between
advanced maternal age and the risk or severity of congenital
heart defects in patients with Down syndrome has been
reported in the literatiire (6, 9). Similarly, in our study, almost
half of the congenital heart defects were severe and required
intervention; however, no association was found between
the severity of congenital heart defects and maternal age,
gestational age, birth weight, gravidity, or parity. No formal
sample size calculation was performed because all eligible
patients during the study period were included. Consequently,
analyses involving rare congenital heart defects may have
been underpowered, and nonsignificant findings should be
interpreted with caution.

This study has several limitations. First, its retrospective design
and the relatively high proportion of missing maternal and
perinatal data may have introduced selection bias. Although
no significant differences were identified between patients
with and without available maternal age data, residual bias
cannot be completely excluded. In addition, data regarding
certain maternal lifestyle factors were unavailable. Second,
as this was a single-center study, the findings may not be
fully generalizable to other populations. Third, because of
the high proportion of missing data for several covariates,
multivariable regression analysis was not performed.
Consequently, residual confounding cannot be excluded, and
the independent effect of maternal age should be interpreted
with caution.

CONCLUSION

In conclusion, our study demonstrates that although
maternal age is a critical factor in the occurrence of Down
syndrome, it does not significantly influence the clinical
severity or specific type of congenital heart defects in these
patients. The findings suggest that the cardiac phenotype
in trisomy 21 is likely determined by complex genetic and
environmental interactions that are independent of maternal
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age. Within the limitations of this retrospective, single-center
cohort, maternal age was not significantly associated with
the type or severity of congenital heart defects. However,
these findings should not be interpreted as definitive
evidence of the absence of an association. Therefore,
prenatal and postnatal cardiac management should focus on
the specific anatomical defect rather than solely on maternal
demographic risk factors. Future prospective, multicenter
studies with larger cohorts are needed to further elucidate
the multifactorial determinants of congenital heart defect
severity in this population.

This study may contribute to the literature by classifying
congenital heart defects and birth characteristics, including
maternal age, birth weight, gestational age, gravidity, and
parity, in patients with Down syndrome. The absence of a
statistically significant correlation between these parameters
and the severity of congenital heart defects highlights the
need for further studies investigating the potential influence
of other factors.
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