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The incidence of chromosomal abnormalities in twin pregnancies is not well-studied. In this retrospective study, we investigated
the frequency of chromosomal abnormalities in twin pregnancies and compared the incidence of chromosomal abnormalities in
dichorionic diamniotic (DD) and monochorionic diamniotic (MD) twins. We used data from 57 clinical facilities across Japan. Twin
pregnancies of more than 12 weeks of gestation managed between January 2016 and December 2018 were included in the study.
A total of 2899 and 1908 cases of DD and MD twins, respectively, were reported, and the incidence of chromosomal abnormalities
in one or both fetuses was 0.9% (25/2899) and 0.2% (4/1908) in each group (p = 0.004). In this study, the most common
chromosomal abnormality was trisomy 21 (51.7% [15/29]), followed by trisomy 18 (13.8% [4/29]) and trisomy 13 (6.9% [2/29]). The
incidence of trisomy 21 in MD twins was lower than that in DD twins (0.05% vs. 0.5%, p = 0.007). Trisomy 21 was less common in
MD twins, even when compared with the expected incidence in singletons (0.05% vs. 0.3%, RR 0.15 [95% Cl 0.04-0.68]). The risk of
chromosomal abnormality decreases in twin pregnancies, especially in MD twins.
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Number and types of twin pregnancies included in the study. The number and types of twin pregnancies included in the study, as

well as the excluded cases and the reason for exclusion, are summarized. DD Dichorionic diamniotic, MD Monochorionic diamniotic, and MM

Monochorionic monoamniotic.

INTRODUCTION

The incidence of twin pregnancies, particularly dizygotic preg-
nancies, which positively correlate with the maternal age and use
of assisted reproductive technologies (ART), has increased [1].
Twin pregnancies have a higher risk of intrauterine growth
retardation, preterm delivery, and neonatal mortality. Many
studies have found that twin pregnancies also have a higher risk
of congenital anomalies than singleton pregnancies [2-4].
Approximately 25% of congenital anomalies are attributed to
chromosomal abnormalities [5], and twin pregnancies have also
been considered to have a high risk of chromosomal abnormal-
ities. However, it was reported that the incidence of trisomy 21
was lower in twin than in singleton pregnancies, most notably in
monozygotic twins [6], although these findings were not universal.
The risk of chromosomal abnormalities in twin pregnancies
remains controversial.

This study retrospectively investigated the frequency of
chromosomal abnormalities in twin pregnancies in Japan. The
incidence of chromosomal abnormalities in dichorionic diamniotic
(DD) and monochorionic diamniotic (MD) twins were compared
using data collected from 57 clinical facilities across Japan. We also
compared the observed incidence of trisomy 21 among twin
pregnancies with that expected based on maternal age-matched
singletons.

MATERIALS AND METHODS

This retrospective observational study used data collected from 57
perinatal centers that handle twin deliveries all over Japan. We asked
facilities that handle many deliveries in Japan to participate in this
research, and 57 of them cooperated. Cases of twin pregnancies between
January 2016 and December 2018, wherein chorionicity was determined
using ultrasound examination and that continued beyond 12 weeks of
gestation, were included in the study. Cases of spontaneous abortion,
artificial stillbirth, and single fetal demise after 12 weeks of gestation were
not excluded. Cases of unknown age at the time of ovum collection and
cases of ovum donation were excluded because the risk of chromosomal
abnormalities in these cases may not be correlated with maternal age.
Cases of unknown chorionicity, monochorionic monoamniotic (MM) twins,
vanishing twins, and multifetal pregnancy reduction were also excluded.
This study was approved by the ethics institutional boards of the Jikei
University, School of Medicine, Tokyo, Japan (approval number: 31-175
[9674]). Disclosure of this study was opt-out at each institution.

We collected the data for the number of total and twin deliveries in
addition to that of the twins, including maternal age, method of
conception, karyotype, and pregnancy outcomes from each facility.
Chromosomal abnormalities were diagnosed by karyotyping using
chorionic villus or amniotic fluid, prenatally, or peripheral blood,
postnatally. Most of these tests were offered in case of abnormal clinical
findings, including prenatal ultrasound findings and postnatal dysmorphic
features. These tests were also sought by women of advanced maternal
age (AMA; = 35 years), even in the absence of abnormal findings. In cases
of positive noninvasive prenatal testing (NIPT) results for women of AMA
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Table 1. Maternal characteristics of twin pregnancies.
DD twins MD twins p-value
(n=2899) (n=1908)
Maternal age (mean + 33.1+4.38 324+5.1 <0.001
SD years)
Conception mode (% of <0.001
total pregnancies
studied)
Natural conception 1333 (46.0) 1473 (77.2)
Infertility treatment 1566 (54.0) 435 (22.8)
Ovulation drugs 495 (17.1) 66 (3.5)
AlH 263 (9.1) 44 (2.3)
IVF-ET 509 (17.6) 213 (11.2)
ICSI 258 (8.9) 92 (5.1)
Other 41 (1.4) 20 (0.9)
Gestational age at 35.7+£3.0 34646 <0.001

delivery (mean +
SD weeks)

Abbreviations: AIH Artificial insemination with donor semen, DD Dichor-
jonic diamniotic,

ICSI Intracytoplasmic sperm injection, IVF-ET In vitro fertilization and
embryo transfer,

MD Monochorionic diamniotic, and SD Standard deviation.

further investigations such as amniocentesis was performed. If there were
no findings suggestive of chromosomal abnormalities during the fetal or
neonatal period, chromosomal tests were not performed and the case was
deemed to have “no chromosomal abnormalities”. Karyotype annotation
was in accordance with the International System for Human Cytogenomic
Nomenclature 2016.

Statistical analysis was performed using the EZR software (Saitama
Medical Center, Jichi Medical University, Shimotsuke, Japan) and statistical
significance was set at p < 0.05. The expected incidence of trisomy 21 in
twin pregnancies was calculated by extrapolating from maternal age-
matched risk using the Morris model [7]. The Morris model calculates the
risk of Down syndrome using the following formula: risk = 1/(1 + exp
(7.330 — 4.211/(1 + exp (—0.282 x (age — 37.23))))). Relative risks (RR) with
95% confidence intervals (95% ClI) were estimated to compare the
incidence of trisomy 21 between twin pregnancies and singleton
pregnancies. RR were adjusted for maternal age divided into 1-year blocks.

RESULTS

The study cohort included 120,927 deliveries from 57 facilities
across Japan, among which 4921 (4.1%) were twin pregnancies. A
total of 114 cases were excluded from the analysis, of which 68
cases were of MM twins and of unknown chorionicity, 22 cases
were of ovum donation, 8 cases were of unknown age at the time
of ovum collection, 5 cases were of vanishing twins, and 11 cases
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Fig. 2 Maternal age distribution in different groups. The number of mothers of DD and MD twins and the maternal age is displayed. DD

Dichorionic diamniotic and MD Monochorionic diamniotic

Table 2. The incidence of chromosomal abnormalities.
Abnormal Total DD twins MD twins p-value
karyotype N=4807 N=2899 N=1908
Recognizable phenotype
Trisomy 21 15 (0.3) 14 (0.5) 1* (0.05) 0.007
Trisomy 18 4 (0.08) 3 (0.1) 1 (0.05) 1.000
Trisomy 13 2 (0.04) 2 (0.07) 0 0.521
Additional 1 (0.02) 0 1 (0.05)
material on the
chromosome®
Marker 2 (0.04) 1 (0.03) 1 (0.05)
chromosome®
Deletion® 1 (0.02) 1 (0.03) 0
Mild phenotype
Sex chromosomal 0 0 0
aneuploidy
Mosaic 2 (0.04) 2 (0.07) 0
aneuploidy®
No phenotype
Inversion® 1 (0.02) 1 (0.03) 0
Robertsonian 1 (0.02) 1* (0.03)
translocation’
Total 29 (0.6) 25 (0.9) 4 (0.2) 0.004

*Both fetuses were diagnosed with chromosomal abnormalities.
Abbreviations: DD Dichorionic diamniotic, MD Monochorionic diamniotic.
246,XY,der(11)t(11;12)(q24.1;11.1).

b47 X, + 2mar[81/46,X, + mar[61/48,X, + 3mar[21/48,XX, +2mar[1]. 47.XY, +
mar.

€46,XY,del(18)(q23).

d47,XX, + 21[41/46,XX[12]. 47 XX, + 4[17]/47 XX[33].

€46,XX,inv(1)(p22p35).

f45,XY,der(13;14)(q10:q10).

were of reduced fetuses. Of the 4807 included twin pregnancies,
2899 (60.3%) were DD twins and 1908 (39.7%) were MD twins
(Fig. 1).

Table 1 shows a comparison of the maternal characteristics of
DD and MD twins. The mean maternal age was 33.1 £ 4.8 and 324
+ 5.1 years in DD and MD twins, respectively (p < 0.001). As for the
method of conception, MD twins had significantly more natural
pregnancies (p < 0.001), whereas more than half of DD twins were
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conceived through infertility treatment. The maternal
distribution of DD and MD twins are shown in Fig. 2.

The incidence of chromosomal abnormalities in DD and MD
twins is shown in Table 2. We classified chromosomal abnorm-
alities into three types: recognizable phenotype, mild phenotype,
and no phenotype. The incidence of chromosomal abnormalities
in one or both fetuses were 0.9% (25/2899) in DD twins, which was
significantly higher than that in MD twins (0.2% [4/1908] (p =
0.004). The most common chromosomal abnormality was trisomy
21 (51.7% [15/29]), followed by trisomy 18 (13.8% [4/29]), and
trisomy 13 (6.9% [2/29]). The incidence of trisomy 21 in DD twins
was significantly higher than that in MD twins (0.5% vs. 0.05%, p
=0.007). Trisomy 21 was identified in only one fetus of the twin
pairs in DD twins; however, trisomy 21 occurred in both fetuses of
one pair in MD twins. There were no significant differences in the
frequency of chromosomal abnormalities other than trisomy 21
between DD and MD twins. Eleven cases (8 DD and 3 MD twins)
had abnormal findings, such as cardiac malformations and
multiple malformations; however, the results of karyotyping were
normal.

Table 3 shows a comparison of the observed and expected
incidence of trisomy 21 per fetus in each group. The observed
incidence of trisomy 21 was significantly lower than the expected
incidence in both MD (0.05% vs. 0.3%, RR 0.15 [95% Cl 0.04-0.68])
and total (0.2% vs. 0.4%, RR 0.45 [95% Cl 0.25-0.83]) twins.
However, there were no significant differences between the
observed and expected incidence of trisomy 21 in DD twins (0.2%
vs. 0.4%, RR 0.64 [95% Cl 0.33-1.24]).

age

DISCUSSION
This retrospective investigation provides an overview of the rates
of chromosomal abnormalities in twin pregnancies after 12 weeks
of gestation. In this study, approximately half of the chromosomal
abnormalities were trisomy 21. We found that the incidence of
chromosomal abnormalities in MD twins was lower than that in
DD twins, and the incidence of trisomy 21 in MD twins was lower
than that in DD twins. We also compared the observed incidence
of trisomy 21 for twin pregnancies with the expected incidence
based on maternal age-matched singletons and found that the
observed incidence was lower than the expected incidence,
especially in MD twins.

Half of the chromosomal abnormalities found in twin pregnan-
cies in this study included trisomy 21 (51.7% [15/29]), followed by
trisomy 18 (13.8% [4/29]), and trisomy 13 (6.9% [2/29]). These
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Table 3. Comparison of the incidences of trisomy 21 per fetus between observed and expected.
Number of trisomy 21 fetuses
Observed incidence (%) Expected incidence (%)* RR observed versus expected (95% Cl)
DD twins 14 (0.2) 21.7 (0.4) 0.64 (0.33-1.24)
MD twins 2 (0.05) 12.9 (0.3) 0.15 (0.04-0.68)
Total Twins 16 (0.2) 34.6 (0.4) 0.46 (0.25-0.83)

"Expected incidence of trisomy 21 calculated by maternal age-matched singleton rates using the Morris model (Morris, 2002).
Abbreviations: DD Dichorionic diamniotic and MD Monochorionic diamniotic.

findings were similar to the general frequency in fetuses or
neonates reported previously [8, 9]. No cases of sex chromosome
aneuploidy were found in this study. It is suspected that neonates
with sex chromosome aneuploidy were not karyotyped because
they showed no dysmorphic features.

In this study, MD twins were found to have a significantly lower
incidence of chromosomal abnormalities compared with DD twins
(0.9% vs. 0.2%, p =0.004). The incidence of trisomy 21 was also
significantly lower in MD twins than in DD twins (0.5% vs. 0.05%, p
= 0.007). Monozygotic twins have a reportedly lower frequency of
trisomy 21 compared with dizygotic twins [6], although mono-
zygotic twins are not exactly the same as MD twins. Of note,
25-30% of monozygotic twins are DD twins [10].

We found that the risk of trisomy 21 is lower in twins, especially
in MD twins than in singleton pregnancies. The incidence of
chromosomal abnormalities was found to be lower in twins than
that reported in singleton pregnancies [8, 9], contrasting with
previous reports that suggested that twins had a higher risk of
chromosomal abnormalities [11, 12]. Some studies from America
and Europe showed a lower risk of trisomy 21 in twins than in
singletons. There was only one report which mentioned that the
ratio of observed-to-expected trisomy 21 incidence per pregnancy
for monozygotic, dizygotic, and all twins was 33.6%, 75.2%, and
70.0%, respectively [6]. In our study, the observed incidence of
trisomy 21 was significantly lower than the expected incidence in
both MD twins (0.05% vs. 0.3%, RR 0.15 [95% Cl 0.04-0.68]) and
total twins (0.2% vs. 0.4%, RR 0.45 [95% Cl 0.25-0.83]).

The low frequency of chromosomal abnormalities in twin
pregnancies could be attributed to the fact that many twin
pregnancies are lost or converted to singleton pregnancies [13-15].
Most twins are lost very early in the pregnancy. One study estimated
that only one in eight individuals originating as a twin actually goes
on to be born as a twin [16]. Furthermore, the abortion rate in twin
pregnancies is three times higher than in singleton pregnancies
[17, 18]. In addition, in twin pregnancies, embryos and fetuses with
chromosomal abnormalities are likely to be eliminated, resulting in
singleton pregnancies or miscarriages [10]. Therefore, the incidence of
chromosomal abnormalities in twin pregnancies that reach 12 weeks
of gestation is likely to be lower than that in singleton pregnancies,
and our results support this argument. Early pregnancy loss is
significantly more common in monochorionic than in dichorionic
twins and, in the setting of concordance for aneuploidy, an even
higher risk of loss may have contributed to the relatively low
incidence of Down syndrome in monozygotic pregnancies [19, 20].

This study has some limitations given the nature of the data
used and the study design. Since this study included only cases
where fetal heartbeats were confirmed after 12 weeks of
gestation, cases of spontaneous abortion before the diagnosis of
chromosomal abnormalities as well as of induced abortion
without fetal chromosomal examination were excluded. In
addition, some cases deemed to have “no chromosomal
abnormalities” might have had chromosomal abnormalities with
minor phenotypic manifestations, mosaicism, or sex chromosome
abnormalities, since chromosomal tests were not performed in all
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cases. In cases without karyotyping, we diagnosed “no chromo-
somal abnormalities” by ultrasound examination during the fetal
period, which does not show morphological abnormalities or
multiple malformations that are often accompanied by chromo-
somal abnormalities, and no external surface malformations or
clinical findings that are suspected to be chromosomal abnorm-
alities after birth. Nonetheless, all cases with more than 12 weeks
of gestation, and not just cases in the third trimester, were
included in the study, ensuring that the cases of induced abortion
due to prenatal diagnosis were also included. In this study,
chromosomal tests were not performed in all cases, but at least
chromosomal abnormalities that affect the phenotype could be
extracted. In some cases, chromosomal abnormalities were not
observed even if there were phenotypic abnormalities, such as
multiple malformations.

In this study, DD and MD twins were compared based on
membrane and not zygosity. Of note, 25-30% of monozygotic
twins are DD twins [10]. Although DNA analyses of newborns are
required to determine zygosity, chorionicity is more practical
because it is determined by prenatal ultrasound. In clinical practice,
the management of twin pregnancies depends on chorionicity.
Therefore, the results of this study are clinically more useful.

This is the first attempt to investigate the frequency of
chromosomal abnormalities in twin pregnancies in Japan. In most
of the previous studies conducted in Europe and in the United
States, only the incidence of Down syndrome was investigated
[6, 21]. In contrast, in this study, the rate of all chromosomal
aberrations in twin pregnancies was evaluated, which revealed
that MD twins have a lower chromosomal aberration rate than DD
twins. This study may provide useful information that could pave
the way for better genetic counseling before prenatal testing.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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