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Background: Although the clinical importance of
chorionicity in twin pregnancies has been studied
widely, the significance of perinatal determination of
zygosity using molecular genetic analyses remains
controversial. The purpose of this study was to
determine the frequency and clinical significance of
twin gestations according to zygosity and chorionic-
ity in a Korean population. Methods: \We enrolled 569
women who delivered twin newborns (> 24 weeks)
at Seoul National University Hospital between 1999
and 2008. Chorionicity was established by histologic
examination of placentae. Zygosity was determined
with sex of neonates, chorionicity, and DNA analysis
of umbilical cord blood. Results: The frequency of
dizygotic (DZ) twins was 71.0% (404/569 pairs)
based on the opposite sex (238/404 [58.9%]) and
DNA analyses (166/404 [41.1%]); that of monozy-
gotic (MZ) twins was 29.0% (165/569), including
monochorionic (MC) (72.1% [119/165]) and dichori-
onic (DC) twins (27.9% [46/165]), which was
confirmed by DNA analyses. Among spontaneously
conceived twins, the frequency of MZ twins was
more than twice that of DZ twins. The risk of low
birth weight was 1.8-fold higher among MZDC twins
and 1.9-fold higher among MZMC twins than among
DZDC twins (p < .05). Bronchopulmonary dysplasia
occurred more frequently among MZMC twins than
among DZDC twins (adjusted OR 8.42, 95% CI 1.82—
39.08, p < .01). However, the frequencies of other
neonatal morbidities were not significantly higher in
the MZMC group than in the MZDC and DZDC
groups. The perinatal mortality rate was 15 per 1000
total births in the DZDC twins, 20 per 1000 total
births in the MZDC and 56 per 1000 total births in
the MZMC (p < .01). Conclusions: Although monozy-
gosity was shown to be a risk factor for perinatal
death and accurate determination of zygosity plays a
great role in the future consideration of organ trans-
plantation and twin studies, the value of zygosity
determination along with chorionicity in relation to
overall neonatal morbidity was not definite.
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To determine zygosity and chorionicity is fundamental
in all twins and other higher-order multiple births
(Derom et al., 2001; Guilherme et al., 2009; Ohm
Kyvik, & Derom, 2006). Indeed, the indentification of
zygosity per se is of importance to the twins and their
parents (Bamforth & Machin, 2004; Malmstrom &
Eaves, 1998; Ohm Kyvik & Derom, 2006). In addi-
tion, zygosity is of medical importance in organ
transplantation between twins and the need for
immunosuppressive agents and in matters of inheri-
tance of cancer or other specific diseases (Bamforth &
Machin, 2004; Hur, 2009; Kessaris et al., 2008;
Rosenberg et al., 2009; St Clair et al., 1998).
Prenatally, determining accurate zygosity is of great
significance in fetal reduction when chorionicity
remains little convincing despite scrutinizing ultra-
sound examinations because of fetal crowding,
decreased amniotic fluid and maternal obesity (Levy et
al., 2002; Peng et al., 2007; Stagiannis et al., 1995;
Vayssiere et al., 1996). Furthermore, in twin studies,
zygosity plays a key role in determining the relative
contribution of genetics and the environment to the
human condition and behavior for life (Clausson et
al., 2000; Grjibovski et al., 2005; Liu et al., 2004;
Tanner et al., 1999).

However, there is still controversy over the associa-
tion between zygosity and perinatal outcome (Carroll et
al., 2005; Dube et al., 2002; Potter, 1963; Schinzel et
al., 1979; West et al., 1999). Although monozygosity
has been suggested to be a risk factor for congenital
anomalies, growth restriction, and perinatal death in
some studies (Potter, 1963; Schinzel et al., 1979; West et
al., 1999), we cannot assert that this increased risk of
adverse perinatal outcome is a result of monozygotic
(MZ) twinning. Because monochorionicity, which
accounts for the majority of cases of monozygosity, has
been reported to be associated with a higher risk of
perinatal mortality and morbidity compared with
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dichorionicity, which mainly originates from the
presence of intertwined vascular anastomoses in mono-
chorionic (MC) placentation (Acosta-Rojas et al., 2007;
Carroll et al., 2005; Dube et al., 2002; Hack et al.,
2008). Therefore, it is essential to differentiate between
the effects of zygosity and chorionicity by stratifying
twins into the following three subgroups, dizygotic
dichorionic (DZDC), monozygotic dichorionic (MZDC)
and monozygotic monochorionic (MZMC) twins.

How, then, can we make a precise determination
of zygosity? Twins with different genders of fetuses or
neonates are DZ; MC twins with a common placenta
are MZ. In the case of same-sex twins with two pla-
centae, additional methods to diagnose zygosity
should be attempted. Although blood group analysis
has been used for the determination of zygosity, the
test lacks accuracy because newborns with the same
blood type are not necessarily MZ twins (Scardo et
al., 1995). A direct comparison of DNA variations
using molecular genetic analyses is the most reliable
test for determination of zygosity, especially in the
case of same-sex twins with DC placentae (Guilherme
et al., 2009; Yang et al., 2006). In DNA analysis, the
genes are directly used; several unlinked genetic loci
are tested at the same time and a pattern unique to
each twin is obtained (Yang et al., 2006). The proba-
bility of false assignment of zygosity is very low (up to
107), as the number of tested loci is theoretically
unlimited (Yang et al., 2006). Von Wurmb-Schwark et
al. (von Wurmb-Schwark et al., 2004) demonstrated
that only 8 short tandem repeat (STR) loci were reli-
able to obtain reliable and reproducible results with a
high certainty of zygosity in twin studies.

The purpose of this study was to determine zygosity
and chorionicity among consecutive twin pregnancies
on a relatively large scale using DNA analysis along
with histologic examinations of placentae, leading to
inform us of the true distribution of zygosity and chori-
onicity in a Korean population, and to evaluate the
clinical significance of the stratification of twin gesta-
tions according to zygosity and chorionicity.

Materials and Methods

This was a retrospective cohort study of twin gesta-
tions who were delivered in a tertiary referral center

(Seoul National University Hospital, Seoul, Korea)
from January 1999 and June 2008. A total of a con-
secutive series of 695 twin pregnancy pairs and 1390
neonates who weighed 500 g or more, and with a ges-
tational period of at least 24 weeks, were delivered
during this study period. We excluded 73 twin pairs
because of unknown zygosity; all of them were same-
sex twins; some had no results of placental
examinations; others were DC with no umbilical cord
blood stored for DNA analysis. If the procedure of
DNA extraction failed for at least one twin, the entire
set of twins was excluded from the study. Fifty-three
cases were complicated by lethal or major congenital
anomalies (identified prenatally and confirmed post-
natally) and/or intrauterine fetal deaths or stillbirths
(at least one twin). These cases were included only for
the assessment of the rate of perinatal mortality and
major congenital anomalies (Table 1). Of 622 cases,
569 twin pairs in which both infants were live born
without any major congenital anomaly were included
for the analysis of neonatal outcome.

The study cohort was stratified into three cate-
gories as follows: DZDC, MZDC and MZMC twin
pairs. Chorionicity was established by the examina-
tion of placental membrane. (After macroscopic
examinations, microscopic sections of the membranes
were analyzed for the determination of the chorionic
and amniotic types.) Zygosity was determined with
sex of neonates, chorionicity, and DNA analysis of
umbilical cord blood. The opposite sex twins were
assumed to be DZ. Among the same-sex twin pairs,
cases with MC placentae were considered to be MZ.
In the case of same-sex twins with DC placentae, mol-
ecular genetic techniques were performed to confirm
the zygosity.

Umbilical cord blood was collected in ethylened-
diamine-tetra-acetic acid (EDTA)-containing tubes by
venipuncture of the umbilical vein at birth. Retrieval
of umbilical cord blood was performed after written
informed consent was obtained. The Institutional
Review Board of Seoul National University Hospital
approved the collection and use of these samples and
information for research purposes. The Seoul National
University has a Federal Wide Assurance with the
Office for Human Research Protection of the

Table 1

A Summary of Cases Complicated by Major Congenital Anomaly and/or Intrauterine Fetal Death or Stillbirth (at least one twin)

FDIU Total
No twin One twin Both twins
Major congenital anomaly
No twin — 8 1 9
One twin 36 7* — 43
Both twins 2 — — 2
Total 38 15 1 53*

Note: FDIU, fetal death in utero

* 0f 7 cases, 6 cases had one anomalous twin died in utero and the other healthy liveborn twin; 1 case had one liveborn but anomalous twin and the other died in utero

without any anomaly. Therefore, the total sets of twins are 53, but not 54.
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Department of Health and Human Services of the
United States. Each sample was then centrifuged and
the interface layer including mostly buffy coat layer
but also small amount of plasma and erythrocytes was
stored in polypropylene tubes at =70°C until assayed.
DNA was extracted from the buffy coat using a com-
mercial DNA isolation kit (QIAamp® DNA Blood
Mini Kit; QIAGEN, Valencia, CA, USA) and
processed according to the manufacturer’s instruc-
tions. The AmpFISTR® Profiler Plus® (Applied
Biosystems, Foster City, CA, USA) allowed the co-
amplification and three-color detection of the short
tandem repeat (STR) loci, including D351358, vWA,
FGA, D851179, D21511, D18S51, D55818, D135317
and D7S5820, and the gender marker, amelogenin.
PCR products were analyzed using an ABI PRISM®
3130xl DNA Analyzer (Applied Biosystems) and
GeneMapper® Software v4.0 (Applied Biosystems).
Figure 1 displays a schematic diagram of the above
process. Whenever all of the STR loci and the gender-
determining marker, amelogenin, were identical in the
PCR-amplified microsatellite analysis, the compared
newborns were determined as MZ twins (Figure 2B);
if not, they were DZ (Figure 2A).

The mode of conception is recorded as ‘sponta-
neous’ or ‘assisted conception’. For the variables
‘hypertensive disorders during pregnancy’ and ‘dia-
betes during pregnancy’, the data do not allow the
distinction between chronic or pregnancy induced
hypertension and overt or gestational diabetes.
Perinatal mortality included stillbirths and neonatal
deaths. Neonatal mortality was defined as death at 28
days or less after birth. Neonatal morbidity included
early-onset neonatal proven and suspected sepsis, res-
piratory distress syndrome (RDS), pneumonia,
bronchopulmonary dysplasia (BPD), intraventricular
hemorrhage (IVH), and necrotizing enterocolitis
(NEC), which were diagnosed according to the defini-
tions described in detail in the previoius studies(Yoon
et al., 1995). Small for gestational age (SGA) was
defined as a birth weight below the 10th percentile,
adjusted for gestational age, sex and parity; large for
gestational age (LGA) was above the 90th percentile
(Kato, 2004). Birthweights below 2500 and 1500 g
were defined as low birthweight (LBW) and very low
birthweight (VLBW), respectively. Preterm birth was
defined as a delivery that occurred before 37 com-
pleted weeks of gestation; early preterm birth was
defined as delivery that occurred before 32 weeks.

Statistical analysis was performed with the SPSS
statistical package 12.0 (SPSS Inc., Chicago, IL, USA).
Differences between categorical variables were ana-
lyzed using 2 test. Fisher’s exact test was used to
assess pairwise concordance rates for MZ and DZ
twin pairs (Novak et al., 2009). Differences between
continuous variables were tested using independent
sample ¢ tests, Mann-Whitney U-tests or Kruskal-
Wallis test, where appropriate. The Bonferroni
correction method was introduced for an adjustment
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Figure 1

A schematic diagram of the process from sampling of umbilical cord
blood to DNA profiling.

for multiple comparisons. Possible confounders were
adjusted for by logistic regression analyses.

Results

Of 569 pairs of live born twins, 404 pairs were DZ
(71.0%). Gender examination allowed the classifica-
tion of male-female or female-male pairs as DZ
(238/404 [58.9%]). DNA analyses were performed to
confirm the zygosity in the case of the same-sex pairs
with DC placentae; 41.1% (166/404) were DZ. The
same-sex twin pairs with MC placentae were classified
as MZ (119/165 [72.1%]). In the case of the same-sex
pairs with DC placentae, genetic studies were con-
ducted and 27.9% (46/165) was MZ. The frequency
of assisted conception was 68.2% (388/569), of which
11.6% (45/388) was MZ. Among spontaneously con-
ceived twins, MZ twins occurred twice as often as DZ
twins (66.3% [120/181] vs. 33.7% [61/181]).
Maternal characteristics are presented in Table 2.
Among DZDC twin pairs, maternal age was more
advanced than among MZ twin pairs (p < .01) and
the frequency of assisted conception was signifi-
cantly higher than that of MZ twin pairs (p < .001).
Hypertensive disorders during pregnancy were
observed more frequently among MZMC twin pairs
than DZDC twin pairs, but not statistically signifi-
cant. Selective fetal reduction was more frequently
conducted among DZ than among MZ twins.
However, based on a multiple comparison test using
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DNA profiles of dizygotic twins (A) and monozygotic twins (B) obtained by electrophoretic STR analyses using the AmpFISTR® Profiler Plus®
(Applied Biosystems, Foster City, CA, USA) and an ABI PRISM® 3130xI DNA Analyzer (Applied Biosystems). Blue, green and yellow peaks are
representative of the short tandem repeat (STR) loci, including D3S1358, VWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317 and D7S820, and
the gender marker, amelogenin. Red peaks are size standards for fragment analyses.
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Table 2

Clinical Characteristics of the Study Population According to the Zygosity and Chorionicity

DzDC P* MzDC Pt MzZMC P* Ps
N =404 N=46 N=119

Maternal age (years) (mean + SD) 323+3.1 <.01 31.0+39 NS 30.2+3.2 <.001 <.001
0ld age (35 or more) 92 (22.8%) NS 6(13.0%) NS 13(10.9%) <.0 <.01
Parity (median [range]) 0(0-4) NS 0(0-2) NS 0(0-1) NS NS
Multiparity 84 (20.8%) NS 11(23.9%) NS 33(27.7%) NS NS
Assisted conception 343 (84.9%) <.001 14 (30.4%) NS 31(26.1%) <.001 <.001
SFR 41(10.1%) NS 2 (4.3%) NS 4 (3.4%) .024 <.05
HTN 60 (14.9%) NS 9(19.6%) NS 27 (22.7%) .050 NS
DM 18 (4.5%) NS 2(4.3%) NS 4 (3.4%) NS NS
Cesarean delivery 251(62.1%) NS 28 (60.9%) NS 61(51.3%) .043 NS
Gestational age at delivery (weeks) (mean + SD) 36.2+29 NS 36.0+33 NS 36.0+£29 NS NS

Note: MZMC, monozygotic monochorionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; SFR, selective fetal reduction; HTN, hypertensive disorders during

pregnancy; DM, diabetes mellitus during pregnancy; NS, not significant
* Comparison between DZDC and MZDC

t Comparison between MZDC and MZMC

¥ Comparison between DZDC and MZMC

*t1 Using the Bonferroni correction a value of p<0.017 (0.05/3) signifies a statistically significant difference.

§ Comparison among DZDC, MZDC and MZMC

the Bonferroni correction, there was no significant
difference between any two of DZDC, MZDC, and
MZMC. There was no significant difference among
the three groups (DZDC, MZDC, and MZMC) in
the frequency of multiparous women, diabetes
during pregnancy and cesarean delivery. The mean
gestational age at delivery of DZ twins was slightly
more advanced than that of MZ twins, but not sta-
tistically significant.

As shown in Table 3, the frequencies of early
preterm births were significantly lower among MZMC
twins than DZDC twins (adjusted odds ratio [aOR]
2.38, 95% confidence interval [CI] 1.07-5.29], p <
.05) after adjusting for maternal age, parity, mode of
conception, selective fetal reduction, and hypertensive
disorders during pregnancy. However, there was no sig-
nificant difference of preterm births and early preterm
births rate among the three groups with respect to the
frequencies of spontaneous preterm births.

DZ twins were heavier than MZ (Table 4). Low
birth weight (LBW) occurred less frequently among
DZ twins than among MZDC and MZMC twins
(aOR, 1.77,95% CI, 1.01-3.12; and aOR, 1.88, 95%
CI, 1.22-2.89, respectively; Table 5). The frequencies
of very low birth weight had a similar trend of those
of LBW, but not statistically significant (Table 5). The
frequencies of 1-minute and 5-minute Apgar score less
than 7 and admission to the neonatal intensive care
unit were significantly higher among MZMC twin
pairs than DZDC (p < .05). A low 1-minute Apgar
score occurred more frequently among MZMC twins
than MZDC (38.7% vs. 17.4%, p < .05). The fre-
quencies of neonatal mortality and morbidity, except
BPD, were not significantly different among the three
groups. The risk of BPD in MZMC twins was higher
than in DCDZ twins (5.5% [13/235] vs. 2.1%
[17/797]; aOR, 8.42, 95% CI, 1.82-39.08, p < .01).
The frequency of BPD was higher in MZDC (3.3%

Table 3

Preterm Birth of the Study Population According to the Zygosity and Chorionicity

All preterm Adjusted OR P Spontaneous preterm Adjusted OR P
delivery (95%CI)* delivery (95%CI)*
PTD < 37 weeks
DzDC 183/404 (45.3%) 1.00 127/404 (31.4%) 1.00
MzDC 22/46 (47.8%) 1.35 (0.69-2.64) NS 16/46 (34.8%) 1.24 (0.62-2.49) NS
MzMC 60/119 (50.4%) 1.46 (0.89-2.39) NS 34/119 (28.6%) 0.90 (0.53-1.53) NS
PTD < 32 weeks
DzDC 36/404 (8.9%) 1.00 35/404 (8.7%) 1.00
MzDC 5/46 (10.9%) 2.27(0.77-6.67) NS 5/46 (10.9%) 2.20(0.74-6.59) NS
MZMC 13/119(10.9%) 2.38 (1.07-5.29) <.05 7/119 (5.9%) 1.15(0.44-2.99) NS

Note: MZMC, monozygotic monochorionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; PTD, preterm delivery; NS, not significant
*Adjusted for maternal age, parity, mode of conception, selective fetal reduction, and hypertensive disorders during pregnancy

Twin Research and Human Genetics December 2010

https://doi.org/10.1375/twin.13.6.609 Published online by Cambridge University Press

613


https://doi.org/10.1375/twin.13.6.609

Kyung A. Lee, Kyung Joon Oh, Seung Mi Lee, Ahm Kim, and Jong Kwan Jun

Table 4

Perinatal Outcomes of the Study Population According to the Zygosity and Chorionicity

DZDC P* MZDC Pt MZMC Pt ps
N=2808 N=92 N=238
Birthweight (g)II 2393.0 + 572.6 NS 2313.5 + 603.0 NS 2298.2 + 576.1 015 <.05
Discordancy > 20%" 70 (17.9%) NS 6(13.6%) NS 26 (22.8%) NS NS
LBW 417 (51.6%) NS 54 (58.7%) NS 145 (60.9%) 012 <.05
VLBW 58 (7.2%) NS 10(10.9%) NS 25(10.5%) NS NS
SGA 65 (8.0%) NS 7(7.6%) NS 25(10.5%) NS NS
LGA 114 (14.1%) NS 12 (13.0%) NS 21(8.8%) 0.036 NS
HCA &/or funisitis 54 (14.0%) NS 7(15.2%) NS 22 (18.8%) NS NS
1-minute Apgar score <7 141 (17.5%) NS 13(14.1%) <.01 66 (27.7%) <.01 <.01
5-minute Apgar score <7 42 (5.2%) NS 7(7.6%) NS 31(13.0%) <.001 <.001
Umbilical cord blood pH! 7.27 £ 0.07 NS 7.27+0.06 048 7.26 +0.08 <01 <.05
<7.00 4(0.5%) NS 2(2.2%) NS 5(2.3%) .033 <.05
NICU admission rate 161 (20.0%) NS 19(20.7%) NS 72(30.3%) .001 <.01
NICU amission (days) 71210 NS 9.7+26.4 NS 82+189 <.01 <0.05
Neonatal sepsis 10(1.3%) NS 2(2.2%) NS 1(0.4%) NS NS
RDS 41 (5.1%) NS 7(7.7%) NS 10 (4.3%) NS NS
Pneumonia 3(0.4%) NS 01(0.0%) NS 0(0.0%) NS NS
BPD 17 (2.1%) NS 3(3.3%) NS 13 (5.5%) <.01 <.05
IVH 8(1.0%) NS 0(0.0%) NS 1(0.4%) NS NS
NEC 9(1.1%) NS 1(1.1%) NS 4(1.7%) NS NS
Neonatal morbidity* 55 (6.8%) NS 9(9.8%) NS 21(8.8%) NS NS
Neonatal mortality 8(1.0%) NS 1(1.1%) NS 1(0.4%) NS NS

Note: MZMC, monozygotic monochorionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; LBW, low birthweight; VLBW, very low birthweight; NICU,

neonatal intensive care unit; NS, not significant
* Comparison between DZDC and MZDC

t Comparison between MZDC and MZMC

¥ Comparison between DZDC and MZMC

*t1 Using the Bonferroni correction a value of p <.017 (0.05/3) signifies a statistically significant difference.

§ Comparison among DZDC, MZDC and MZMC
[ Values are shown as the mean + standard deviation.
1 Denominators are 404 for DZDC, 46 for MZDC and 119 for MZMC, respectively.

# Neonatal morbidity was defined as a composite variable including one or more of the following: congenital neonatal proven or suspected sepsis, respiratory distress
syndrome, congenital pneumonia, bronchopulmonray dysplasia, intraventricular hemorrhage and necrotizing enterocolitis

[3/90]) than in DCDZ, but not significant. To assess
genetic influence on development of BPD, we calcu-
lated concordance rates in MZ and DZ twins (0.78 vs.
0.21, p < .01, Table 6).

For analysis of the rate of perinatal mortality and
major congenital anomalies, an additional 53 twin
pairs were included (Table 1). Cases complicated with
intrauterine fetal death or stillbirth were 16 twin pairs
(one twin, # = 15; both twins, # = 1) and those com-
plicated with major congenital anomaly were 45 twin
pairs (one twin, # = 43; both twins, 7z = 2). Of 53 twin
pairs, 7 pairs had one twin with major congenital
anomaly and one twin died in utero; 6 pairs had one
anomalous twin died in utero and the other healthy
liveborn twin; 1 pair had one liveborn but anomalous
twin and the other died in utero without any anomaly.
Four infants died at 28 days or less after birth; one
was complicated with Potter’s syndrome, one prune
belly syndrome, one Edwards syndrome and one
esophageal atresia and double outlet right ventricle.
Among 1138 liveborn infants with no congenital

anomaly, 10 twin infants died during the neonatal
period; 9 twins were delivered at 32 or less weeks of
gestation and died of prematurity; one twin was com-
plicated by respiratory distress syndrome, who was
delivered at 34+ weeks of gestation. Figure 3 describes
the perinatal mortality rate according to zygosity and
chorionicity. The perinatal mortality rate was 15 per
1000 total births in DZDC twins, 20 per 1000 total
births in MZDC and 56 per 1000 total births in
MZMC (p < .001 by linear-by-linear association). The
perinatal mortality rate in MZMC was significantly
higher than in DCDZ even after adjusting for gesta-
tional age at delivery and major congenital anomalies
(p < .01 by logistic regression analysis). As shown in
Figure 4, the rate of major congenital anomalies was
2.9% (25/862) in DZDC twins, 3.1% (3/98) in
MZDC and 6.7% (19/284) in MZMC (p < .01 by
linear-by-linear association).

Of 142 MC twin pairs, 8 cases were complicated by
twin-to-twin transfusion syndrome (TTTS); 4 twin
pairs in which both twins were liveborn with no major
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The perinatal mortality rate was 15 per 1000 total births in DZDC twins,
20 per 1000 total births in MZDC and 56 per 1000 total births in MZMC
(p <.001 by linear-by-linear association).

Note: * indicates the comparison between DZDC and MZMC (p < .01 after adjusting for
gestational age at delivery and major congenital anomalies
[logistic regression analysis]).
DZDC, dizygotic dichorionic; MZDC, monozygotic dichorionic; MZMC,
monozygotic monochorionic twins

congenital anomaly, 2 twin pairs in which one twin
died in utero, 1 twin pair in which both twins were live-
born but complicated with major congenital anomalies,
and the last twin pair in which both twins were live-
born with one uncomplicated and the other
complicated with major congenital anomalies. Cases
with TTTS among liveborn MC twins had a higher rate
and mean duration of NICU admission than non-TTTS
(78.6% [11/14] vs 32.9% [84/255]; 41 days vs. 10
days, p < .01 for each).

The risk factors for neonatal morbidity are shown
in Table 7. After adjusting for old age, multiparity,
assisted conception, selective fetal reduction, hyperten-
sive disorders during pregnancy and gestational age at
delivery, the risk of neonatal morbidity was higher
among MZDC and MZMC twins than DZDC twins
(aOR, 1.93, 95% CI, 0.48-7.80; and aOR 1.39, 95%
CI 0.48-4.07, respectively), but the differences were not
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Figure 4

The rate of major congenital anomalies according to the zygosity

and chorionicity. The rate of major congenital anomalies were 2.9%
(25/862) in DZDC twins, 3.1% (3/98) in MZDC and 6.7% (19/284) in MZMC
(p < .01 by linear-by-linear association).

Note: DZDC, dizygotic dichorionic; MZDC, monozygotic dichorionic; MZMC,
monozygotic monochorionic twins
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significant. Not surprisingly, gestational age at delivery
had the most important role in reducing the risk of
neonatal morbidity (aOR, 0.45, 95% CI, 0.39-0.52).

Discussion

Principal findings of this study: In this cohort, 71.0%
of twin live births were DZ and 29.0% were MZ.
DNA analyses were performed in 37.3% of live born
twins because of the same-sex twin pairs with DC pla-
centae; 41.1% of DZ and 27.9% of MZ needed the
confirmative analyses. The frequency of assisted con-
ception was 68.2%, of which 11.6% was MZ. Among
spontaneously conceived twins, the frequency of MZ
was twice that of DZ (66.3% vs. 33.7%). After
adjustment for maternal age, parity, mode of concep-
tion, SFR and hypertensive disorders in pregnancy,
preterm delivery before 32 weeks of gestation
occurred 2.4-fold more often among MZMC than
among DZDC, though the causal relationship between
spontaneous preterm births and zygosity and chorion-
icity was lacking. The risk of LBW was 1.8-fold higher
among MZDC and 1.9-fold higher among MZMC
than among DZDC. However, in terms of the risk for
overall neonatal morbidity associated with preterm
deliveries, there were no differences among MZMC,
MZDC and DZDC. The perinatal mortality rate was
15 per 1000 total births in DZDC twins, 20 per 1000
total births in MZDC and 56 per 1000 total births in
MZMC. The rate of congenital anomalies was 3.8%
of total twin births; 2.9% in DZDC twins, 3.1% in
MZDC and 6.7% in MZMC.

Twin distribution according to zygosity: To date,
there is a paucity of information regarding twin dis-
tribution according to zygosity considering a method
of conception. Thorough review of a mode of concep-
tion in every twin pregnancy showed that, among
spontaneously conceived twins, the frequency of MZ
pairs was 66.3%, which was twice the frequency of
DZ pairs. Although the causes of twinning are incom-
pletely understood, DZ results from relatively
elevated serum gonadotropin levels, leading to double
ovulation and the frequency of DZ varies widely
among different populations. In 1986, when assisted
reproductive technologies were not prevalent,
MacGillivray (MacGillivray, 1986) demonstrated that
the frequency of twin births varies significantly
among different races and ethnic groups. For
example, twinning rates per 1000 births were 3.0 in
monozygotes and 1.3 in dizygotes in Japan. This is
consistent with our results and the evidence in
support of levels of follicle-stimulating hormone
(FSH) varying among different races (Nylander, 1973;
Soma et al., 1975).

Preterm births and zygosity and chorionicity: In this
study, among MZMC twins, the frequency of early
preterm births was higher than among DZDC twins.
There was a suggestion of increased frequency of
preterm birth among MZMC twins, but not significant.
However, an increase in the frequency of preterm or
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Table 5

Low Birthweight Among Live Born Twins According to the Zygosity and Chorionicity

Unadjusted OR (95%CI)* P Adjusted OR (95%CI)* P*

LBW

DzDC 1.00 1.00

MzDC 1.33(0.86-2.06) NS 1.77(1.01-3.12) <.05

MzmC 1.46 (1.09-1.96) <.05 1.88(1.23-2.89) <.01
VLBW

DzbC 1.00 1.00

MzDC 1.58 (0.78-3.20) NS 3.67 (0.73-18.50) NS

MzmC 1.52 (0.93-2.49) NS 1.58 (0.46-5.43) NS

Note: MZMC, monozygotic monochorionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; NS, not significant
*Adjusted for maternal age, parity, mode of conception, selective fetal reduction, hypertensive disorders during pregnancy and gestational age at delivery

]
Table 6

Twin Concordance for Bronchopulmonary Dysplasia as Zygosity Analysis

Number of At least one twin Concordant Concordance” Pvaluef
twin pairs complicated by BPD twin pairs
Mz 163 9 7 0.78 <.01
Dz 398 14 3 0.21

Note: MZ, monozygotic ; DZ, dizygotic; BPD, bronchopulmonary dysplasia
* Pairwise concordance = concordant twin pairs/(concordant twin pairs+discordanct twin pairs)(Novak et al., 2009)
tMZvs. DZ

]
Table 7

Risk Factors for Neonatal Morbidity

Unadjusted OR (95% ClI) P Adjusted OR (95% CI)* P
0ld age (> 35 years) 0.63 (0.38-1.04) NS 0.92 (0.37-2.25) NS
Multiparity 1.24 (0.74-2.05) NS 1.05 (0.43-2.55) NS
Assisted conception 1.73(1.02-2.92) <.05 1.82(0.64-5.20) NS
Selective fetal reduction 1.73 (0.88-3.38) NS 1.53 (0.50-4.74) NS
Hypertensive disorders during pregnancy 0.79 (0.42-1.49) NS 1.08 (0.42-2.79) NS
DzDC 1.00 1.00
MzDC 1.48 (0.70-3.09) NS 1.93 (0.48-7.80) NS
MzMC 1.32(0.78-2.23) NS 1.39 (0.48-4.07) NS
Gestational age at delivery (per 1-week increase) 0.45 (0.39-0.51) <.001 0.45 (0.39-0.52) <.001

Note: MZMC, monozygotic monochorionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; GAD, gestational age at delivery; NS, not significant
*Adjusted for maternal age, parity, mode of conception, selective fetal reduction, hypertensive disorders during pregnancy and gestational age at delivery

early preterm births might not be attributed to increased
risks of spontaneous preterm births. These findings cor-
roborate that the prevalence of prematurity, especially
that due to spontaneous preterm labor, among twin
pregnancies might have little causal relationship with
zygosity and chorionicity, as suggested in the previous
studies (Carroll et al., 2005; Dube et al., 2002).
Birthweight and zygosity and chorionicity: Even after
adjusting for maternal age, parity, mode of conception,
SFR, hypertensive disorders during pregnancy and gesta-
tional age at delivery, MZ twins had a higher risk of
LBW, which can be attributed to intrauterine growth
restriction. However, the risk of small babies less than
10th percentile for gestational age failed to reach any

statistical significance but suggested only a trend to
increase the rate of small babies among MZMC twins.
These findings were consistent with the findings of previ-
ous studies (Carroll et al., 2005; Dube et al., 2002).
Neonatal morbidity and zygosity and chorionicity:
We attempted to determine risk factors for neonatal
morbidity. The risk of most neonatal morbidities,
including neonatal sepsis, RDS, IVH, and NEC, did
not demonstrated any significant difference among the
three groups, DZDC, MZDC, and MZMC. However,
MZ twins, primarily MZMC, had a greater risk of
BPD than DZ twins. Immaturity, barotraumas and
oxygen toxicity have been thought to play major roles
in the pathogenesis of BPD (Yoon et al., 1997). When
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Table 8

Methodological Details and the Conclusions of Studies Previously Published Which Examined the Clinical Significance of Zygosity
and Chorionicity in Twin Gestations

Author Inclusion and Study population Objective Determination Main results
exclusion criteria of zygosity and
chorionicity

Maxwell et al (2001) To evaluate the
hypothesis that
zygosity affects the
rate of preeclampsia

in twin getations

464 twin deliveries
1> 154: MZ
2>310: Dz

All twin pregnancies
GA > 30 week

1> Chorionicity:
placental pathology
2 > Zygosity: fetal sex
and ABO blood group

typing

Dizygotic state vs.
preeclampsia —
adjusted OR 1.4
(95%Cl, 0.5-3.9) in
nulliparas — adjusted
OR 1.2 (95%Cl, 0.3-5.0)
in multiparas

Dube et al (2002) All twin births >500g 1008 twin pregnancies To evaluate chorionic-

1> Chorionicity: Perinatal mortality of >

except monoamniotic 1> 280: MZMC ity and zygosity as risk placental pathology 1 twin: MZMC > DZDC
twins, conjoined twins 2> 414: MZDC factors for adverse 2> Zygosity: (RR 2.5; 95%Cl, 1.1-2.5)
and intrauterine fetal 3 >314: DZDC perinatal outomes in chorionicity, fetal sex 1> Monochorionicity:

deaths

and ABO blood group
typing

1 risk of adverse
perinatal outcome

2 > Zygosity: less clear

Carroll et al (2005) All twin pregnancies 146 twin pregnancies  To examine whether 1> Chorionicity: MzMmcC
without fetal — live births fetal outcome intwin  placental pathology 1> GAD and
congenital 1>92:DZ pregnancies is depen- 2> Zygosity: sexand  birthweight
malformations 2>15: MZ dent on zygosity or DNA microsatellite 2> T birthweight

chorionicity

discordancy > 25%
MZDC vs. DZDC: NS

analysis (using
umbilical cord blood)

Note: GA, gestational age; MZ, monozygotic; DZ, dizygotic; MZMC, monozygotic monocharionic; MZDC, monozygotic dichorionic; DZDC, dizygotic dichorionic; NS, not significant.

considering the higher rate of admission to NICU and
twin-to-twin transfusion syndrome (TTTS), a MC-spe-
cific disease, it is not surprising that the risk of
development of BPD was higher among MCMZ than
DCDZ. On the other hand, evidences supporting the
hypothesis that there is a genetic predisposition in
developing BPD independent of environmental factors
has been suggested in recent studies (Bhandari et al.,
2006; Lavoie et al., 2008). Bhandari et al. demon-
strated that pair-wise concordance rate of BPD was
significantly higher in MZ twins than in DZ (Bhandari
et al., 2006). In the current study, the pair-wise con-
cordance of BPD among MZ was significantly higher
than among DZ (p < .01). Lavoie et al. proposed that
heritability contribute the development of BPD and
target therapy with the aid of advances in human
genome mapping prevent BPD (Lavoie et al., 2008).

Despite individual differences in the frequency of
each disease entity, such as neonatal sepsis, RDS,
BPD, IVH, and NEC, among the DZDC, MZDC and
MZMC twins, there were no significant differences in
overall neonatal morbidity among the three groups.
Two major possibilities must be considered: (1) every
neonatal morbidity is closely related with preterm
delivery, of which the frequencies failed to show any
significant difference among the three groups in our
study and (2) more importantly, among MZ twins,
survivors might be healthier and have fewer postnatal
problems than those complicated by stillbirths and
early neonatal deaths.

Strengths and weaknesses of this study: The find-
ings of this retrospective study must be interpreted
with caution. The limitations of the cohort size, partic-
ularly within the stratified categories, had the potential
for selection bias among practitioners, and changes in
obstetric and neonatal practice over a 10-year time
span must be acknowledged. Nevertheless, in this
study, the cross-distribution of zygosity and chorionic-
ity in twin pregnancies was demonstrated with the
introduction of the established technique for zygosity
determination, DNA analysis, which is widely used in
forensic medicine and paternity testing for human
identification, on a relatively large scale. Moreover, the
use of a well-controlled perinatal database with the
bank of umbilical cord blood samples and the agree-
ment of our findings with other recent publications
lends support to our findings.

In conclusion, our results show the cross-distribu-
tion of twin pregnancies based on zygosity and
chorionicity with DNA analyses and histologic exami-
nations of placentae. Although accurate determination
of zygosity along with chorionicity plays a major role
in future consideration of organ transplantation and
twin studies, the value of zygosity along with chorion-
icity in relation to overall neonatal morbidity may be
limited. Prenatal diagnosis of zygosity with chorionic
villi or amniocytes must be considered in selective fetal
reduction or termination when chorionicity is indeter-
minate, of which a randomized controlled study in the
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future would be of use for maternal-fetal-medicine
specialists.
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