
Multiple pregnancies have been reported to occur in 
approximately 2–3% of all births [1,2].

With the increasing maternal age and the widespread use 

of assisted reproductive technologies (ART), the incidence 

of multiple pregnancies has reportedly doubled in recent 
decades [1,3,4].

Congenital heart defects (CHDs) are the most commonly 
detected congenital anomalies, with an estimated preva-
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Abstract

Introduction: Congenital heart defects (CHDs) are among the most common congenital anomalies. An increased frequency of CHDs 
has been reported in twin pregnancies. This study aims to determine the frequency, types, and contributing factors of CHDs in twin 
births. 
Methods: This retrospective study included twin pregnancies in which both fetuses underwent at least one echocardiographic 
examination at the pediatric cardiology outpatient clinic. Data were collected from hospital records and included maternal age, use of 
assisted reproductive technology (ART), mode of delivery, pregnancy-related risk factors (gestational diabetes mellitus, preeclampsia, 
hypertension, and hypothyroidism), gestational age at birth, birth weight, and presence and type of CHD. Data were analyzed using 
Microsoft Excel. 
Results: The study included 498 twin infants (252 female, 50.6%) and 249 mothers. Among the cases, 116 (23.3%) were monochorionic, 
and 26.1% were conceived through in vitro fertilization, with the remainder being spontaneous pregnancies. A total of 34 infants 
(6.83%) were diagnosed with CHDs. In four pregnancies, both twins were affected, whereas in the remaining cases, only one twin was 
affected. Most CHDs consisted of septal defects and right ventricular outflow tract obstructions, whereas 12 cases had more complex 
anomalies. 
Discussion and Conclusion: In line with previous literature, this study found an increased frequency of CHDs in twin pregnancies. No 
significant difference in CHD frequency was observed between ART and spontaneous twin pregnancies. No specific risk factor was 
identified as a distinguishing feature between cases with and without CHDs.
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lence of 7–9/1000 live births [5]. It has been reported that 
the incidence of CHDs is higher in multiple pregnancies 
compared to singleton pregnancies. Among multiple preg-
nancies, the incidence of CHDs is higher in dizygotic twins 
than in singletons, and even higher in monozygotic twins 
than in dizygotic twins. The highest rates of CHDs have 
been reported in monozygotic twin pregnancies compli-
cated by twin-to-twin transfusion syndrome (TTTS) [6].

Several factors have been associated with the increased 
incidence of CHDs in multiple pregnancies, including ge-
netic predisposition, prematurity, advanced maternal age, 
and the increased use of ART [7]. For this reason, it is recom-
mended that twin pregnancies – especially monozygotic 
ones – undergo both prenatal and postnatal evaluation 
with echocardiography [7-9].

This study aims to determine the frequency and types of 
CHDs, maternal characteristics, and associated risk fac-
tors in twin pregnancies referred to the pediatric cardiol-
ogy outpatient clinic for evaluation and assessed through 
echocardiography.

Materials and Methods
This retrospective, single-center study included twin in-
fants and their mothers who presented to the pediatric 
cardiology outpatient clinic between 2018 and 2024 for 
various reasons and underwent at least one echocardio-
graphic evaluation. Cases in which one twin was lost in ute-
ro or where both twins did not undergo echocardiographic 
evaluation were excluded. Only cases in which both twins 
had echocardiographic examinations and were born after 
the 24th week of gestation were included in the study.

Maternal characteristics, including maternal age at delivery, 
gravidity, parity, and pregnancy-related risk factors (such 
as hypertension, preeclampsia, gestational diabetes mel-
litus, and hypothyroidism) were recorded. It was also not-
ed whether the pregnancy was spontaneous or achieved 
through in vitro fertilization (IVF), the chorionicity of the 
pregnancy, the mode of delivery (vaginal or cesarean), and 
whether the newborns were admitted to the neonatal in-
tensive care unit. The gestational age and birth weights of 
the infants were documented.

The gestational ages at birth were classified as <28 weeks, 
28–32 weeks, 32–37 weeks, and >37 weeks. Birth weights 
were categorized as 1000–1500 g, 1500–2500 g, and >2500 
g. If there was a weight difference >20% between the twin 
pair, the twins were classified as discordant (large and 
small); otherwise, they were considered concordant. Ac-
cording to their growth status, the infants were categorized 
as small for gestational age (SGA), appropriate for gesta-
tional age (AGA), or large for gestational age (LGA).

Statistical Analysis

All echocardiographic evaluations were retrospectively re-
viewed from hospital records. Minor findings potentially 
related to prematurity, such as small atrial septal defects 
(ASDs) that closed spontaneously within a short period, 
small muscular ventricular septal defects (VSDs), or a pat-
ent ductus arteriosus (PDA), were not included in the CHD 
group. Cases that required follow-up, intervention, or sur-
gery were classified as having a CHD. In cases with multiple 
CHDs, classification was based on the major defect.

A dataset of 498 twin patients was analyzed to determine 
associations between CHDs and other patient character-
istics. Maternal age was treated as a continuous variable, 
whereas other variables – including sex, birth week, birth 
weight, gravidity, parity, twin type, consanguinity, and 
echocardiographic findings – were categorized as categor-
ical variables.

All statistical analyses and tests were conducted using the 
Statistical Package for the Social Sciences (SPSS) version 
30 (IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA) 
on a personal computer. Data storage, preprocessing, and 
charts were created using MS Excel 2016. The normality of 
variable distributions was assessed through the Kolmogor-
ov–Smirnov test, histograms, coefficient of variation, De-
trended Q-Q Plots, and analyses of skewness and kurtosis.

P<0.05 was considered statistically significant. Group com-
parisons were made using the independent sample T-test 
and Mann–Whitney U-test (due to non-Gaussian data dis-
tribution). A Chi-squared test was applied for frequency 
data analysis, and the Fisher–Freeman–Halton Exact Test 
was also used for additional comparisons.

Multivariate logistic regression analysis was performed; 
however, due to the relatively small number of CHD cases 
(n=34) in relation to the number of independent variables 
included in the model, excessively wide confidence inter-
vals were observed for several factors, which indicates low 
statistical precision and a high risk of model overfitting. To 
avoid presenting potentially unstable estimates, multivar-
iate analysis results were not included in the manuscript.

Ethical Approval

Ethical approval for this study was obtained from the Zeynep 
Kamil Maternity and Children’s Diseases Training and Re-
search Hospital Clinical Research Ethics Committee (Approv-
al number: 110; Date: August 23, 2023). This study was per-
formed in accordance with the standards of ethics outlined 
in the Declaration of Helsinki, 2013. All participants provided 
informed written consent (or written assent with parental 
consent, for minors) before participation in this study.
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Results
This study included 498 twin infants, comprising 252 females 
(50.6%) and 246 males (49.4%). The mean gestational age at 
birth was 33.3±3.1 weeks, and the mean birth weight was 
2021.15±628.71 g. Among these infants, 399 (80.1%) had a 
history of admission to the neonatal intensive care unit.

A total of 249 mothers participated in the study. The mean 
maternal age was 30.73±5.46 years (range: 18–49 years). 
Of these, 233 mothers (93.57%) delivered through cesare-
an section, whereas 16 (6.43%) had vaginal deliveries. The 
distribution of gravidity and parity among the mothers is 
presented in Figure 1.

Of the cases, 130 (26.1%) were born from pregnancies con-
ceived through IVF, whereas 368 (73.9%) were from spon-
taneous twin pregnancies. In terms of chorionicity, 116 in-
fants (23.3%) were monochorionic, and 382 (76.7%) were 
dichorionic twins. The birth characteristics of the infants 
by chorionicity are presented in Table 1. The characteristics 
of IVF-conceived and spontaneous twin pregnancies are 
shown in Table 2.

Pearson’s Chi-square test was applied to assess the relation-
ships between chorionicity and sex (p=0.882), gestational 
age at birth (p=0.069), birth weight (p=0.122), and growth 
classification (SGA/AGA/LGA) (p=0.923). No statistically sig-
nificant associations were found between chorionicity and 
any of these variables.

The relationship between maternal age and chorionicity was 
assessed by the independent samples Kruskal–Wallis and 
Mann–Whitney U tests, revealing a statistically significant 
difference (p=0.006). This result indicates that maternal age 
is a significant factor influencing chorionicity type (mono-
chorionic vs. dichorionic), suggesting that maternal age 
should be considered when evaluating chorionicity type.

Pearson’s Chi-square test revealed no statistically signifi-
cant associations between conception type (IVF vs. spon-
taneous) and the variables of sex (p=0.73), birth weight 
(p=0.625), or weight discordance (p=0.109).

However, the same test indicated a statistically significant dif-
ference in gestational age categories between IVF and sponta-
neously conceived infants (p=0.006), suggesting a meaningful 
difference in gestational age at birth between the two groups.

In addition, a significant difference was observed between 
conception type and chorionicity (p<0.001), indicating 
that the distribution of chorionicity differs significantly be-
tween IVF and spontaneous pregnancies.

Figure 1. Patient flow diagram for study cohort.

Table 1. Birth characteristics by chorionicity

M
on

oc
ho

ri
on

ic
 n

%

D
ic

ho
ri

on
ic

 n

% p

Sex (Male/female)

Female 58 50.0 194 50.79 p>0.05

Male 58 50.0 188 49.21

Gestational age

<28 weeks 4 3.45 26 6.81 p>0.05

28–32 weeks 26 22.41 66 17.28

32–37 weeks 78 67.24 236 61.78

>37 weeks 8 6.90 54 14.14

Birth weight

<1 kg 7 6.03 19 4.97 p>0.05

1.0–1.5 kg 21 18.10 46 12.04

>1.5–2.5 kg 72 62.07 232 60.73

>2.5 kg 16 13.79 85 22.25

SGA/AGA/LGA

SGA 18 15.52 55 14.4 p>0.05

AGA 93 80.17 308 80.63

LGA 5 4.31 19 4.97

Maternal age 29.41 (18–39) 31.14 (19–49) p<0.05

SGA: Small for gestational; AGA: Appropriate for gestational age; LGA: Large for 
gestational age.
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Independent samples Kruskal–Wallis and Mann–Whit-
ney U tests applied to examine the relationship between 
maternal age and conception type also revealed a sta-
tistically significant difference (p<0.001). These findings 
indicate a significant association between maternal age 
and the method of conception (IVF or spontaneous), 
suggesting that maternal age is distributed differently 
across the two groups or that certain maternal age rang-
es are more associated with either IVF or spontaneous 
conception.

A total of 34 infants (6.83%) were found to have CHDs. In 
4 twin pairs, both infants had a CHD, whereas in 26 cas-
es, only one twin was affected. The mean maternal age 
in this group was 30.52±6.05 years (range: 20–41 years). 
Among the mothers who gave birth to at least one infant 
with a CHD, 8 (26.67%) had conceived through IVF, and 22 
(73.33%) had spontaneous twin pregnancies.

The mean gestational age of twins with CHDs was 
34.47±3.16 weeks (range: 26–40 weeks), and the mean 
birth weight was 2166.82±545.78 g (range: 950–3870 g).

The specific CHDs identified by echocardiography are pre-
sented in Table 3.

In addition, 86 infants (17.27%) had findings such as small 
ASDs that closed spontaneously within a few months, small 
muscular VSDs, or a PDA – defects considered to be related 
to prematurity and developmental stage. These cases were 
not included in the CHD group.

Among the twin pairs in which both infants had CHDs, two 
were monochorionic, and the other two were dichorionic. 
Their clinical characteristics are detailed in Table 4.

The characteristics of infants with and without CHDs are 
summarized in Table 5.

Pearson’s Chi-square test showed no statistically signifi-
cant differences between infants with and without CHDs 
regarding sex (p=0.177), chorionicity (p=0.650), or concep-
tion type (IVF vs. spontaneous; p=0.723). The Fisher–Free-
man–Halton Exact Test revealed no significant differences 
in birth weight (p=0.396) or weight discordance (p=0.146) 
between the two groups.

However, the Fisher–Freeman–Halton Exact Test showed a 
statistically significant difference in gestational age groups 

Table 3. Distribution of congenital heart defects identified by 
echocardiography

Congenital heart defects n %

Atrial septal defect±Pulmonary stenosis 10 29.41

Atrial septal defect+Ventricular septal defect 3 8.82

Ventricular septal defect±Pulmonary stenosis 3 8.82

Pulmonary stenosis 2 5.88

Ventricular septal defect – Pulmonary atresia 3 8.82

Tetralogy of Fallot/Double outlet right ven-
tricle

2 5.88

Ventricular septal defect+Aortic hypoplasia/
Coarctation of the aorta 

3 8.82

Patent ductus arterosus 1 2.94

Double inlet left ventricle+Transposition of 
great arteries+Coarctation of aorta

1 2.94

Aortic valve pathology+Aortic stenosis±Atrial 
septal defect 

2 5.88

Truncus arteriosus 1 2.94

Intact ventricular septum – Pulmonary atresia 1 2.94

Double aortic arch 1 2.94

Hypoplastic left heart syndrome 1 2.94

Total 34 100

Table 2. Characteristics of in vitro fertilization conceived and 
spontaneous twin pregnancies

In vitro 
fertilization Spontaneous

p
Sex n % n %

Female 57 43.85 195 52.99 p>0.05

Male 73 56.15 173 47.01

Gestational age

<28 weeks 10 7.69 20 5.43 p<0.05

28–32 weeks 34 26.15 58 15.76

32–37 weeks 78 60.00 236 64.13

>37 weeks 8 6.15 54 14.67

Birth weight

<1 kg 9 6.92 17 4.62 p>0.05

1.0–1.5 kg 20 15.38 47 12.77

>1.5–2.5 kg 76 58.46 228 61.96

>2.5 kg 25 19.23 76 20.65

Birth weight discordance

Larger discor-
dant twin

8 6.15 38 10.33 p>0.05

Smaller  
discordant twin

8 6.15 38 10.33

Concordant 
twins

114 87.69 292 79.35

Chorionicity

Dichorionic 114 87,69 268 72,83 p<0.05

Monochorionic 16 12,31 100 27,17

Maternal age Mean Min-Max Mean Min-Max

32.43 22–49 30.14 18–43 p<0.05
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between infants with and without CHDs (p=0.024). This 
finding suggests a potential association between gesta-
tional age and the presence of CHDs, which may be of clin-
ical importance.

Of the mothers, 121 (48.59%) had no identifiable risk fac-
tors (including gestational diabetes mellitus, gestational 
hypertension, preeclampsia, hypothyroidism, or IVF con-
ception). 86 mothers (34.54%) had at least one risk factor, 
32 (12.85%) had two risk factors, and 10 (4.02%) had three 

Table 4. Characteristics of twin pairs in which both infants had congenital heart defects

Case Sex Gestation-
al age

Birth 
weight

(gr)

Birth weight 
discordance

(<%20)

Chorionic-
ity

Congenital 
heart defect

Maternal 
age Gravidity Parity Risk factor

1a F 35+0 2560 No DC Moderate 
secundum 

ASD 

28 2 1 0

1b M 2560 Moderate 
secundum 

ASD

2a F 37+3 2230 No DC Aortic arch 
hypopla-

sia+CoA+LV 
hypoplasia

34 5 4 Preeclem-
psia

2b M 2240 DOR-
V+PS+ToF

3a F 35+0 2500 No MC VSD-PA 34 4 3 0

3b F 2300 ASD-PDA

4a F 32+3 1680 No MC Large se-
cundum AS-
D+PS+PLSVC

24 2 2 0

4b F 1950 Moderate 
secundum 

ASD 

MC: Monochorionic; DC: Dichorionic; CHD: Congenital heart defect; ASD: Atrial septal defect; CoA: Coarctation of aorta; LV: Left ventricle; DORV: Double outlet right ventricle; 
PS: Pulmonary stenosis; ToF: Tetralogy of Fallot; VSD: Ventricular septal defect; PA: Pulmonary atresia; PDA: Patent ductus arteriosus; PLSVC: Persistent left superior vena cava.

Table 5. Comparison of characteristics between twins with and

Congenital heart 
disease (n=34)

No congenital 
heart defect p

Sex n % n %

Female 21 61.76 231 49.78 p>0.05

Male 13 38.24 233 50.22

Gestational age

<28 weeks 2 5.88 28 6.03 p<0.05

28–32 weeks 3 8.82 89 19.18

32–37 weeks 19 55.88 295 63.58

>37 weeks 10 29.41 52 11.21

Birth weight

<1 kg 3 8.82 23 4.96 p>0.05

1.0–1.5 kg 2 5.88 65 14.01

>1.5–2.5 kg 23 67.65 281 60.56

>2.5 kg 6 17.65 95 20.47

without congenital heart defects

Congenital heart 
disease (n=34)

No congenital 
heart defect p

n % n %

Birth weight discordance

Larger  
discordant twin

1 2.94 45 9.70 p>0.05

Smaller  
discordant twin

6 17.65 40 8.62

Concordant 
twins

27 79.41 379 81.68

Chorionicity

Dichorionic 25 73.53 357 76.94 p>0.05

Monochorionic 9 26.47 107 23.06

Mode of conception

In vitro fertilization 8 23.53 122 26.29 p>0.05

Spontaneous 26 76.47 342 73.71
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different risk factors concurrently. The distribution of ma-
ternal risk factors is presented in Table 6.

Discussion
Multiple pregnancies occur in approximately 2–3% of all 
births. In the United Kingdom, it has been reported that 
20–30% of these are monochorionic. [1,4]. Overall, congen-
ital anomalies are reported to be 1.3 times more common 
in twin infants compared to singletons [1,4].

CHDs are the most common type of congenital anomaly. 
While the incidence is reported as 7–9/1000 live births in 
the general population, this rate increases to approximate-
ly 20/1000 live births in twin pregnancies [5]. The preva-
lence is higher in monochorionic compared to dichorionic 
twins, particularly in monochorionic diamniotic pregnan-
cies. In cases complicated by TTTS, which occurs in about 
10–15% of monochorionic diamniotic twins, the incidence 
of CHDs increases by 12–13 times compared to the general 
population [5].

In a meta-analysis of 12 studies, the rate of CHDs in mono-
chorionic twins was reported as 59/1000 live births – about 
6 times higher than the general rate [3]. In TTTS cases, this 
rate rises to as much as twelvefold [3]. A study conducted 
in Taipei found that the incidence of CHDs in dichorionic 
twins was similar to that in singletons, whereas it was 5 
times higher in monochorionic twins [10]. Chorionicity has 
been reported to have a stronger influence on the develop-
ment of CHDs than zygosity [11]. The Danish registry, cover-
ing the years 1977–2001 and including a random sample 
without considering zygosity, reported a CHD rate of 5% 
in twin pregnancies compared to singletons [11]. The CHD 
rate in our study population, at 6.83%, is consistent with 
these findings.

Factors such as genetic predisposition, prematurity, ad-
vanced maternal age, and the use of ART have been dis-
cussed as potential contributors to the increased preva-
lence of CHDs. An increased incidence of CHDs has been 
reported in IVF pregnancies [12]. It has been suggested that 
periconceptional and mechanical manipulations, embryo 
freezing, the use of various culture media, and differing du-
rations in culture environments may affect the gastrulation 

phase and the development of the heart, which is the first 
organ to form. In addition, in individuals requiring fertility 
treatment, both underlying subclinical genetic abnormal-
ities and higher maternal age – as observed in our study 
and known to be associated with an increased risk of chro-
mosomal anomalies – may contribute to the pathogenesis 
of CHDs [12]. However, contrary to the literature, there was 
no significant difference in the incidence of CHDs between 
IVF and spontaneous twin pregnancies in our study. 

In this study, certain cardiac findings common in preterm in-
fants, such as a PDA and small ASDs that closed during early 
follow-up, were excluded from the CHD category to focus 
specifically on primary structural heart defects. While this 
approach ensures a more precise evaluation of significant 
congenital anomalies, it may lead to lower reported preva-
lence rates compared to studies that utilize broader diagnos-
tic criteria, including all minor prematurity-related shunts. 
Therefore, when comparing our findings with the existing 
literature, it is essential to consider these definition-based 
differences; the exclusion of these transient physiological 
shunts explains our lower CHD prevalence but provides a 
more accurate representation of true structural defects in 
twin cohorts.

In multiple pregnancies, CHDs are more frequently septal 
defects such as ASD and VSD, as well as congenital anom-
alies such as right ventricular outflow tract obstruction 
(RVOTO). The pathogenesis of RVOTO, particularly in mono-
chorionic twins with TTTS, has been explained by hemo-
dynamic changes. However, the relatively low frequency of 
pathologies such as aortic stenosis and aortic coarctation, 
which would also be expected to be influenced by hemo-
dynamic changes, necessitates a cautious interpretation of 
these associations [13]. More complex pathologies such as 
tetralogy of Fallot and transposition of the great arteries 
have been reported to occur at similar rates as in singleton 
pregnancies [3]. In a study by the Danish group, while an 
overall increase in CHDs was noted in twins, no complicat-
ed CHDs were identified. Consistent with previous studies, 
the most common types of CHDs in our study group were 
septal defects and pulmonary stenosis. However, in our 
group, 12 out of 34 cases presented with more complex 
CHDs compared to the literature. This may be attributed 
to our center being a tertiary perinatology center, where 
more complicated cases are referred.

Although monochorionic twins are genetically identical, 
the concordance of congenital anomalies – defined as the 
presence of CHD in both twins of a pair – has been reported 
at a rate of <20% [14]. In dichorionic twins, the majority of 
anomalies are discordant, and the risk of CHD in each twin 
is similar to that of singletons. In our study, a CHD was iden-

Table 6. Maternal risk factors during pregnancy

Maternal risk factors n %

Gestational diabetes mellitus 50 20.08

Gestational hypertension/Preeclempsia 41 16.47

Hypothyroidism 25 10.04

In vitro fertilization 65 26.10
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tified in only one twin in 26 pregnancies. Among these dis-
cordant cases, only 7 had a birth weight difference >20%, 
and in 6 of those, the affected twin was the smaller one. In 4 
of the 30 pregnancies with CHDs, both twins were affected. 
There were no significant differences in chorionicity, mater-
nal age, or birth weights between the twins in these cases. 
Among these four concordant cases, in two pregnancies 
(one monochorionic, one dichorionic), both twins had the 
same type of CHD, whereas in the other two, each twin had 
a different type of CHD.

When examined in terms of IVF status, maternal age, birth 
weight, and gestational age, there were no statistically 
significant differences between cases with and without 
CHDs. When maternal risk factors were analyzed in detail 
(Table 5), no significant distinguishing criterion was iden-
tified between mothers of twins with and without CHDs. 
In only one of the concordant CHD cases, the mother had 
preeclampsia. These findings suggest that the etiology of 
CHDs cannot be explained solely by hemodynamic mech-
anisms and the commonly discussed risk factors as afore-
mentioned, and multiple additional factors, such as epi-
genetic mechanisms, uterine and environmental factors, 
may be involved.

Limitation

Although our study is comprehensive due to its inclusion 
of a large cohort of twins, it has certain limitations. These 
include its retrospective design, being conducted in a sin-
gle center, and the inclusion of cases that are presented 
only to the pediatric cardiology outpatient clinic.

Another limitation is that some of the twin cases evalu-
ated in our clinic were born in other centers, leading to 
missing obstetric data such as zygosity and the presence 
or absence of TTTS. Moreover, the absence of a compari-
son group with singleton births is also considered a lim-
itation.

However, this study is valuable as it highlights an increased 
incidence of CHDs in twin pregnancies, the presence of dif-
ferent and more complex CHD types compared to other 
study populations, the predominance of discordant CHDs, 
and the absence of an increased CHD rate in IVF pregnancies.

Conclusion
In conclusion, in line with the literature, CHDs were in-
creased in both monochorionic and dichorionic twin preg-
nancies in our study. The pathophysiological mechanisms 
behind the increase in CHDs in twin pregnancies are not 
yet fully understood, though genetic factors, abnormal pla-
centation, maternal factors, environmental influences, and 
epigenetic factors are all thought to contribute.

In monochorionic pregnancies, hematological disturbanc-
es such as TTTS, delayed division of the fertilized ovum, and 
unequal distribution of cells to the two fetuses may lead to 
differing cardiac development. In dichorionic pregnancies, 
when associated with ART, factors related to the procedure 
and unequal placental development may play a role.

This topic continues to present many unresolved questions 
that warrant further research. We hope that future studies 
will provide deeper insights into the underlying patho-
physiological mechanisms contributing to the develop-
ment of CHDs in twin pregnancies.

Our study has several limitations. First, the retrospective 
design and the fact that the study population consisted 
of patients referred to a tertiary pediatric cardiology clinic 
may introduce selection bias. Second, the exclusion of cer-
tain prematurity-related lesions (e.g., PDA and small ASDs) 
might result in a lower prevalence rate compared to some 
studies in the literature.
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