Obstetrics &
Original Article

Obstet Gynecol Sci 2019;62(2):93-102
https://doi.org/10.5468/0gs.2019.62.2.93
pISSN 2287-8572 - elSSN 2287-8580

Gynecology
Science

L)

Check for
updates

Perinatal outcome of twin pregnancies according to

maternal age

Yeon-joo Lee"’, Mi-Na Kim"’, Yoo-Min Kim', Ji-Hee Sung?, Suk-Joo Choi', Soo-young Oh', Cheong-Rae Roh',
Jong-Hwa Kim'

Department of Obstetrics and Gynecology, 'Samsung Medical Center, ’Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine,
Seoul, Korea

Objective
To investigate the perinatal outcomes of twin pregnancies according to maternal age.

Methods

This is a retrospective cohort study of twin pregnancies delivered >24 weeks' gestation at a tertiary academic hospital
from 1995 to 2016. Subjects were categorized into 5 groups according to maternal age: <25, 25-29, 30-34, 35-39, and
>40 years. Maternal and neonatal outcomes of each maternal age group were analyzed using the Jonckheere-Terpstra
test and the linear-by-linear association test.

Results

A total of 1,936 twin pregnant women were included, of which 47 (2.4%), 470 (24.3%), 948 (49.0%), 417 (21.5%),
and 54 (2.7%) women were aged <25, 25-29, 30-34, 35-39, and >40 years, respectively. Higher maternal age was
significantly associated with a higher rate of dichorionic twins and a higher risk of gestational diabetes and placenta
previa. However, rates of preterm labor, preterm premature rupture of membranes, cervical incompetence, preterm
delivery, preeclampsia, placenta abruption, and cesarean section were not associated with maternal age. Birth weight
increased and the rate of admission to the neonatal intensive care unit (NICU) decreased with older maternal age,
but other neonatal outcomes did not change with age. Maternal age was significantly associated with a lower rate of
NICU admission after controlling for potential confounding factors in multivariable analysis.

Conclusion

Advanced maternal age in twin pregnancies was associated with increased risk of gestational diabetes, placenta
previa, and higher birth weight but a lower rate of NICU admission. However, other outcomes were not significantly
associated with maternal age.
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Introduction

Advanced maternal age and twin pregnancy are major ob-
stetric concerns with increasing worldwide incidence. The
recent trend toward increased women’s social participation
and delayed childbearing has led to increased proportions
of advanced-age pregnancies, multiple pregnancies, and the
co-occurrence of both [1,2]. Live births among women aged
35 years or older increased steadily from 6.1% to 16.9%
between 1985 and 2016 in the United States [3]. Maternal
age has increased steadily in Korea over the past few de-
cades, following the same trends as in many other developed
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countries [4]. The percentage of pregnancies in women over
35 years increased more than 3-fold from 7.4% in 2001 to
26.4% in 2016 [5]. Along with changes in maternal age,
advancements in and increased use of assisted reproductive
technology (ART) have resulted in a higher frequency of mul-
tiple pregnancies [6,7]. The twin birth rate (twin births per
1,000 total births) increased by 78% from 18.9 in 1980 to
33.4in 2016 in the United States [3]. The incidence of twin
pregnancy in Korea increased from 2.4% in 2006 to 3.8% by
2016 [5]. The increase in twin pregnancy incidence among
women of advanced maternal age is even more striking:
from 2006-2016, the incidence of multiple pregnancies in
Korea increased from 3.4% to 5.5% in women aged 35-39
years and from 1.8% to 3.9% in women aged 40 years or
older [5].

As the incidence of twin pregnancy in older women in-
creases, concern grows over the risk of adverse perinatal out-
comes. Prior studies have found that advanced maternal age
is associated with increased risk of obstetric complications,
such as intrauterine growth restriction, gestational diabetes,
preterm birth, stillbirth, and cesarean section [8,9]. However,
most of these studies were conducted with singleton preg-
nancies, and there are limited data regarding the association
between maternal age and perinatal outcomes in twin preg-
nancies compared to singleton pregnancies. Furthermore,
previous studies on this subject reached conflicting conclu-
sions [10-12]. Currently, there are no data on the relationship
between maternal age and twin-pregnancy outcomes in
Korea. Thus, we investigated changes in the maternal age of
women having twin pregnancies over a 22-year-study period
at a single tertiary academic hospital in Korea and analyzed
the associations between maternal age and perinatal out-
comes in twin pregnancies.

Materials and methods

This is a retrospective cohort study of women with twin
pregnancies who delivered at or beyond 24 weeks of gesta-
tion at a tertiary academic hospital between January 1995
and December 2016. We excluded pregnancies in which 1 or
both fetuses died in utero before 24 weeks of gestation. Trip-
let or higher order multiple pregnancies were also excluded
from the analysis. After exclusion, 1,936 cases were included
in the study. Subjects were categorized into 5 groups based
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on age at the time of delivery: <25, 25-29, 30-34, 35-39,
or >40 years of age. This study was approved by the Institu-
tional Review Board for Clinical Research at Samsung Medi-
cal Center.

Maternal demographic characteristics included mater-
nal age at delivery, parity, history of prior preterm delivery,
mode of conception (spontaneous vs. assisted conception),
and chorionicity. Assisted conception included pregnancies
achieved by in vitro fertilization. Chorionicity was established
via sonographic findings, including gestational sac number,
placental number, the presence of either a “twin-peak” or
a "T" sign, inter-twin membrane thickness, and fetal sex.
Chorionicity status was confirmed by gross and/or pathologic
examination of the placenta after delivery.

Pregnancy outcomes included fetal death in utero (FDIU),
fetal congenital anomaly, gestational age at delivery, pre-
term delivery, preterm labor, preterm premature rupture of
membranes (PPROM), placenta previa, placenta abruption,
gestational diabetes, preeclampsia, twin-to-twin transfusion
syndrome (TTTS), and delivery mode. Gestational age was
calculated by the last menstrual period or by the crown-rump
length measured during the first-trimester ultrasound. Pre-
term delivery was defined as a delivery that occurred before
37 weeks of gestation. The rates of preterm delivery at less
than 37 weeks and less than 34 weeks of gestation were
analyzed. PPROM was defined as rupture of the fetal mem-
branes before 37 weeks of gestation. Cervical incompetence
was defined as painless cervical dilatation with bulging of
the fetal membranes; an incidental finding of short cervical
length during routine ultrasonography was not considered
cervical incompetence in this study.

Neonatal outcomes included birth weight, sex, Apgar
scores, neonatal intensive care unit (NICU) admission, re-
quirement of assisted ventilation, and neonatal mortality.
Neonatal mortality was defined as neonatal death during
the first 28 days of life. The neonatal morbidities analyzed
were respiratory distress syndrome (RDS), bronchopulmo-
nary dysplasia (BPD), grade 3-4 intraventricular hemorrhage
(IVH), periventricular leukomalacia (PVL), stage 2-3 necrotiz-
ing enterocolitis (NEC), suspected or proven early and late
neonatal sepsis, grade 34 retinopathy of prematurity (ROP),
patent ductus arteriosus (PDA), and transient tachypnea
of the newborn (TTN). RDS was defined as the presence
of respiratory distress, as indicated by an increased oxygen
requirement (FiO, >0.4) and compatible chest radiographic
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findings. BPD was defined as the need for supplementary
oxygen for 28 days. IVH was diagnosed by brain ultrasonog-
raphy and graded using the Papile classification system for
intraventricular bleeding without (grade 2) or with ventricular
dilatation (grade 3) or with parenchymal involvement (grade
4). PVL was defined as the presence of a cystic lesion and
echogenicity in the periventricular white matter [13]. ROP
was graded using the International Classification of ROP [14].
NEC was defined as an acquired neonatal acute intestinal ne-
crosis of unknown etiology according to the modified Bell’s
staging criteria [15]. Neonatal sepsis was diagnosed based
on the presence of a positive blood culture (proven sepsis) or
positive laboratory evidence in clinically suspected neonates
(suspected sepsis). Early or late sepsis was diagnosed when
neonatal sepsis was confirmed within the first 7 days of life
or after the first 7 days of life, respectively. PDA was defined
as symptomatic ductus arteriosus necessitating pharmaco-
logical treatment, surgical ligation, or both.

The obtained data were analyzed using the Statistical Pack-
age for Social Sciences version 24 (SPSS Statistics; IBM Corp.,
Armonk, NY, USA). Individual women were the unit of analy-
sis for pregnancy outcomes, and individual infants of twin
pairs were the unit of analysis for neonatal outcomes. Trend
analysis was used to determine the trend of each outcome
variable according to the 5 different maternal age groups.
The Jonckheere-Terpstra test and linear-by-linear regression
were used for continuous and categorical variables, respec-
tively. Multiple logistic regression analysis was performed to
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evaluate the effects of potential confounding variables, such
as neonatal sex, chorionicity, gestational diabetes, gesta-
tional age at delivery, and delivery mode, on the rate of NICU
admission. The P-values <0.05 were considered statistically
significant.

Results

During the 22-year study period, 1,985 (3.6%) twin deliver-
ies were identified out of 54,914 deliveries performed in our
hospital. Forty-nine cases were excluded according to the
exclusion criteria, and 1,936 twin pregnancy cases were ul-
timately included in our analyses. Among them, 47 (2.4%),
470 (24.3%), 948 (49.0%), 417 (21.5%), and 54 (2.7%)
women were aged <25, 25-29, 30-34, 35-39, and >40
years, respectively.

Fig. 1 shows the annual number of twin births and the
proportion of twin births per total births from 1995-2016.
The number of twin births increased until 2003 and then
decreased along with a recent decrease in Korea's national
birth rate. However, the proportion of twin births per total
births increased by 4 times from 1.4% in 1995 to 5.6% in
2016. A similar trend was seen in the rate of twin births in
women with advanced maternal age (Fig. 2). While the num-
ber and proportion of twin births in women aged <35 years
decreased from 2003-2016, the proportion of twin births in
women >35 years has gradually increased, reaching 44.2%

r 10%
r 9%
F 8%
F7%
F 6%
F 5%
4%
F3%
F2%
F 1%
- 0%

Fig. 1. Numbers and rates of twin birth.
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in 2016 compared with 18.9% in 1995.

The demographic and obstetric characteristics of each
maternal age group are shown in Table 1. The rate of twin
pregnancies conceived by ART increased significantly; there-
fore, the proportion of dichorionic twins also increased sig-
nificantly with higher maternal age.

Table 2 shows pregnancy outcomes by maternal age group.
Gestational diabetes and placenta previa incidences increased
with increasing maternal age, whereas the incidences of
other pregnancy outcomes, such as preterm delivery, preterm
labor, PPROM, preeclampsia, placenta abruption, TTTS, FDIU,
major congenital anomaly, and delivery mode, were not sig-
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= >35 year of age/total twin birth(%)
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Table 1. Maternal characteristics

nificantly different among the maternal age groups.

The outcomes of live-born twin infants in each maternal
age group are described in Table 3. Birth weight significantly
increased with advancing maternal age. The incidence of
small-for-gestational age decreased, while the incidence of
large-for-gestational age increased with advancing maternal
age, though these trends were not statistically significant.
There were no significant differences in the proportion of
low Apgar scores, use of ventilator treatment, or neonatal
mortality among maternal age groups. However, the rate of
NICU admission significantly decreased with advancing ma-
ternal age. There were no statistically significant differences
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Fig. 2. Numbers and rates of twin births
according to the maternal age.

Matern

al age at delivery

Characteristics P-value®
<25 yr (n=47) 25-29 yr (n=470) 30-34 yr (n=948) 35-39 yr (n=417) 240 yr (n=54)
Maternal age (yr) 22.9+1.7 27.7+1.2 32.0+1.4 36.4+1.3 41.7+2.9 <0.001
Muliparity 5(10.6) 73 (15.5) 239 (25.2) 132 (31.7) 20 (37.0) <0.001
History of preterm delivery 1(2.1) 8(1.7) 39(4.1) 21(5.0) 3 (5.6) 0.007
Assisted conception 3(6.4) 121(25.7) 499 (52.6) 284 (68.1) 33(61.1) <0.001
Chorionicity” <0.001
Monoamnionic 0(0.0) 7 (1.5) 4(0.4) 1 (0. 0(0.0)
Monochorionic diamnionic 28 (60.9) 145 (31.9) 239 (25.3) 67 (16.1) 10(18.9)
Dichorionic diamnionic 18 (39.1) 302 (66.5) 702 (74.3) 347 (83.6) 43 (81.1)

Data are presented by meanz+standard deviation or number (%).

?Jonckheere-Terpstra test for continuous variables and linear-by-linear association for categorical variables; “Cases with unknown chorionicity

are excluded.
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in the rates of RDS, BPD, IVH (>grade 3), PVL, NEC (>stage 2),  and cesarean section were significantly associated with a
early and late sepsis, ROP (>grade 3), PDA, and TTN among  decreased risk of NICU admission (Table 5). We compared
maternal age groups (Table 4). In multivariable analysis, ad-  the perinatal outcomes according to maternal age groups
vanced maternal age, advanced gestational age at delivery,  between monochorionic and dichorionic twin pregnancies,

Table 2. Pregnancy outcomes

Maternal age at delivery

Characteristics P-value®
<25 yr (n=47) 25-29 yr (n=470) 30-34 yr (n=948) 35-39 yr (n=417) >40 yr (n=54)
Gestational diabetes 1(3.1) 10(2.9) 60 (7.5) 44.(12.5) 9(19.6) <0.001
Preeclampsia 6(12.8) 38 (8.1) 96 (10.1) 44 (10.6) 5(9.3) 0.464
Placenta previa 0(0.0) 3(0.6) 23 (2.4) 13(3.1) 3(5.6) 0.001
Placenta abruption 0(0.0) 11(2.3) 28 (3.0) 11(2.6) 4(7.4) 0.125
Fetal congenital anomaly” 4(8.5) 23(4.9) 51(5.4) 25 (6.0) 4(7.4) 0613
FDIU” 0(0.0) 12 (2.6) 20(2.1) 5(1.2) 1(1.9) 0.396
TTTS 0(0.0) 15(3.2) 13(1.4) 6(1.4) 2(3.7) 0.378
Preterm labor 22 (46.8) 170 (36.2) 325 (34.3) 134 (32.1) 20 (37.0) 0.121
PPROM 4(29.8) 86 (18.3) 178 (18.8) 73(17.5) 10(18.5) 0.327
Cervical incompetence 3(6.4) 10(2.1) 41(4.3) 24 (5.8) 1(1.9) 0.103
GA at delivery (wk) 34.0+3.7 34.7+3.5 349+3.4 34.7+£3.6 35.1£2.6 0.209
Preterm delivery <37 wk 38(80.9) 335(71.3) 616 (65.0) 273 (65.5) 42 (77.8) 0.100
Preterm delivery <34 wk 18 (38.3) 137 (29.1) 254 (26.8) 111 (26.6) 11(20.4) 0.068
Cesarean section 40 (85.1) 422 (89.8) 846 (89.2) 378 (90.6) 49 (90.7) 0.414

Data are presented by meansstandard deviation or number (%).

FDIU, fetal death in utero; TTTS, twin-to-twin transfusion syndrome; PPROM, preterm premature rupture of membranes; GA, gestational age.
?Jonckheere-Terpstra test for continuous variables and linear-by-linear association for categorical variables; Antenatally diagnosed in one or
more twin pairs.

Table 3. Neonatal outcomes

Maternal age at delivery

Characteristics <25 yr (n=94) z(i;gg g)r (?10;13: 7y5r) 3(2;38!; g)r >40 yr (n=106) P-value®
Birth weight (kg) 1.9320.59 2.10£0.62 2.17+0.60 2.15+0.66 2.31£0.52 <0.001
Percentile of weight for GA 0.092
Small-for-GA 14 (14.9) 114 (12.3) 191 (10.2) 105 (12.7) 8(7.5)
Large-for-GA 1(1.1) 90 (9.7) 151 (8.0) 85(10.3) 13(12.3)
Sex (male) 52 (55.3) 420 (45.3) 901 (48.0) 405 (48.9) 51 (48.1) 0.457
1-min Apgar score <4 7(7.4) 57 (6.1) 76 (4.1) 38 (4.6) 7 (6.6) 0.156
5-min Apgar score <7 4(4.3) 67 (7.2) 81(4.3) 43(5.2) 4(3.8) 0.072
NICU admission 59 (62.8) 469 (50.5) 815 (43.4) 340 (41.0) 38(35.8) <0.001
Mechanical ventilator 27 (29.0) 208 (22.4) 371(19.8) 195 (23.5) 19(17.9) 0.518
Neonatal mortality 3(3.2) 14 (1.5) 22(1.2) 12 (1.4) 1(0.9) 0.394

1
Data are presented by mean+standard deviation or number (%)
GA, gestational age; NICU, neonatal intensive care unit.
?Jonckheere-Terpstra test for continuous variables and linear-by-linear association for categorical variables.
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Table 4. Neonatal morbidities

Maternal age at delivery

.. a)
Characteristics <25 yr (n=94) 2(:;292 g)r (?:‘0=—13¢81 7yg) ?ErS‘;?;QZ g)r (,2112 gg) P-value
RDS 4(14.9) 155 (16.7) 282 (15.0) 152 (18.3) 12(11.3) 0.786
BPD 9(9.7) 56 (6.0) 104 (5.5) 60 (7.2) 5(4.7) 0.970
IVH (>grade 3) 2(2.2) 5(1.6) 22(1.2) 13(1.6) 0(0) 0.392
PVL 1(1.1) 0(1.1) 22(1.2) 13(1.6) 2(1.9 0.292
NEC (>stage 2) 1(1.1) 5(1.6) 39(2.1) 16 (1.9) 2(1.9) 0.528
Early sepsis 6 (6.5) 64 (6.9) 101 (5.4) 53 (6.4) 6 (5.7) 0.575
Late sepsis 4 (4.3) 46 (5.0) 78 (4.2) 48 (5.8) 2(1.9) 0.899
ROP (>grade 3) 0(0) 26 (2.8) 37 (2.0) 25(3.0) 2(1.9) 0.536
PDA 4(14.9) 143 (15.4) 219 (11.7) 119 (14.4) 9(8.5) 0.158
Transient tachypnea of newborn 5(5.3) 23(2.5) 51(2.7) 23(2.8) 3(2.8) 0.814

Data are presented by meanzstandard deviation or number (%).

RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia;
NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; PDA, patent ductus arteriosus.
?Jonckheere-Terpstra test for continuous variables and linear-by-linear association for categorical variables.

Table 5. Multiple logistic regression analyses of neonatal inten-
sive care unit admission rate controlling for potential confounding
variables

Variables Adjusted OR (95% CI)  P-value
Maternal age at delivery 0.943 (0.915-0.971) <0.001
Dichorionic twin 0.823 (0.641-1.057) 0.128
Gestational diabetes 0.695 (0.453-1.066) 0.096
GA at delivery 0.845 (0.835-0.856) <0.001
Cesarean section 1.539 (1.036-2.287) 0.033
Male baby 1.095 (0.878-1.365) 0.423

OR, odds ratio; Cl, confidence interval; GA, gestational age.

respectively. Overall, the results were similar to those of the
total study population. However, no difference in the birth
weight according to maternal age groups was noted in the
monochorionic twin pregnancies, and the rates of preterm
delivery <34 weeks of gestation, 5-minute Apgar score <7,
and PDA significantly decreased with advancing maternal
age in the dichorionic twin pregnancies (data not shown).

Discussion

This retrospective cohort study aimed to evaluate the influ-
ence of maternal age on pregnancy and perinatal outcomes
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in twin pregnancies. The risk of adverse pregnancy outcomes
for twin pregnancy generally did not increase with advancing
maternal age, except for gestational diabetes and placenta
previa. Notably, in terms of neonatal outcomes such as birth
weight and NICU admission, twins of older mothers had
more favorable outcomes compared to twins of younger
mothers.

It is well known that advanced maternal age is associated
with an increased risk of adverse perinatal outcomes for
singleton pregnancies [16]. However, for twin pregnancies,
the impact of maternal age on perinatal outcomes is less
obvious. Although some studies have shown that advanced
maternal age was associated with higher risk of perinatal
outcomes such as cesarean section, hypertensive disorder,
and longer NICU admission [12], many other studies found
no significant effect of maternal age on twin pregnancy out-
comes [11,17,18].

There are numerous possible reasons why the influence of
maternal age on pregnancy and perinatal outcomes varies
between twin and singleton pregnancies. First, twin pregnan-
cy itself is known to be associated with a higher risk of many
obstetric complications, including preeclampsia, gestational
diabetes, and preterm delivery. Since the physiologic changes
and complication mechanisms may differ between single-
ton and twin pregnancies, the effect of maternal age on
singleton pregnancies cannot simply be extrapolated to twin
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pregnancies [19]. Second, chorionicity difference may play a
role. Pregnancy conceived via ART is more common among
older women and more likely to result in dichorionic twin-
ning. Given that monochorionic twins are at greater risk of
adverse outcomes than are dichorionic twins, including TTTS,
fetal death, fetal anomaly, preterm birth, and neuromorbid-
ity, chorionicity differences by maternal age may affect the
age-related risk for twin pregnancy [20,21]. In our data, the
rates of placenta previa, TTTS, preterm delivery <37 weeks
of gestation, small-for-gestational age, 1-minute Apgar score
<4, 5-minute Apgar score <7, and NICU admission were sig-
nificantly higher in monochorionic twin pregnancies than in
dichorionic twin pregnancies, while the rates of gestational
diabetes and cervical incompetence were significantly higher
in dichorionic twin pregnancies than in monochorionic twin
pregnancies (data not shown). Third, a twin pregnancy in an
older woman is generally considered a high-risk pregnancy
on its own, which typically results in those women having
more frequent antenatal visits and greater adherence to a
healthy lifestyle. These behaviors may have influenced the
favorable outcomes observed in the advanced maternal age
pregnancies [22]. However, due to the limitations of a ret-
rospective study, there was insufficient information on each
patient’s lifestyle behavior and antenatal visit patterns in this
study.

Nevertheless, the rates of gestational diabetes and placenta
previa increased with advancing maternal age in our study.
Consistent with our results, Ananth et al. [23] reported a
higher placenta previa rate in twin pregnancies compared
with singleton pregnancies, as well as an increased placenta
previa rate with advancing maternal age. Recent studies have
identified several risk factors of placenta previa, such as par-
ity, previous cesarean section, advanced maternal age, and
multiple pregnancies [23-25]. A possible explanation for the
increased placenta previa risk is that the placenta size for a
twin pregnancy is larger than that of a singleton pregnancy
[26]. Advanced maternal age pregnancies often have de-
creased uterine blood flow, and the need for a larger placen-
tal surface for adequate blood flow during pregnancy may
be the reason for increased placenta previa [27,28]. Alterna-
tively, ART has been identified as a placenta previa risk factor
[29]. It has also been suggested that embryo transfer may
cause uterine contractions during the ART procedure, result-
ing in a higher incidence of uterine lower-segment implanta-
tion [30]. For decades, it has been recognized that women

www.ogscience.org

of advanced maternal age have a higher rate of gestational
diabetes [24,31,32]; however, this could also be explained
by progressive vascular endothelial damage with increasing
age [27]. Consistent with our study results, Zhu et al. [33]
reported that advanced maternal age in twin pregnancy was
associated with increased gestational diabetes.

Interestingly, our results indicate that twins from older
women had more favorable outcomes in terms of higher
birth weight and lower NICU admission rates. Several stud-
ies have reported that birth weight increases with increasing
maternal age, both in singleton and multiple pregnancies
[22,34]. The reason for increased birth weight with advanc-
ing maternal age is not fully understood. The effect of mater-
nal age on birth weight may have been influenced by higher
parity, increased maternal weight, better socioeconomic
circumstances, better health behaviors, more frequent preg-
nancies by ART, and more concerned prenatal surveillances
[22,35-37]. Although we cannot fully explain the lower risk
of NICU admission with advanced maternal age, higher birth
weights may play a role. In general, monochorionic twins ex-
perience increased risk of fetal death, fetal anomaly, preterm
birth, and intrauterine growth restriction compared with di-
chorionic twins [20,21,38]. As maternal age increases, the in-
creases in ART pregnancy and dichorionic twins may explain
the lower NICU admission rate. However, in the multiple
logistic regression analyses, maternal age was significantly
associated with NICU admission, independent of chorionicity.
Other studies have suggested that some perinatal outcomes,
such as a lower risk of neonatal and perinatal death, lower
rate of preterm birth, and higher birth weight, were more
favorable in twin pregnancies of advanced maternal age
[11,34].

Advanced maternal age is generally defined as older than
35 years, but this definition is mostly based on an estimate of
the risk of fetal loss after genetic amniocentesis and the risk
of aneuploidy [39]. However, in this context, the definition of
advanced maternal age for twin pregnancies may not be the
same as for singleton pregnancies, because the age cut-off
for genetic amniocentesis in dichorionic twin pregnancies is
31 years [40]. Therefore, we did not categorize the patients
into 2 groups using the 35-year mark. Instead, we catego-
rized the patients into more detailed groups to better ana-
lyze the age-related risk of adverse pregnancy outcomes and
found that the impact of maternal age gradually changed
with increasing age rather than yielding an increased risk at a
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specific age. Our analyses were possible because of our large
sample size, which is a major strength of the study. Never-
theless, our sample size may still be insufficient to analyze
all perinatal outcomes, especially among women aged <25
years and women aged >40 years.

Our study has other limitations. First, its retrospective na-
ture might have limited our ability to control for potential
confounding factors and information biases, such as precon-
ceptional comorbidities, socioeconomic status, educational
status, alcohol consumption, and smoking. Second, potential
selection bias and generalizability problems may be present
because our institution is a tertiary care center. Whereas old-
er women'’s pregnancies are generally considered high-risk,
younger women with uncomplicated pregnancies are less
likely to visit a tertiary care center. This may result in an over-
representation of higher risk pregnancies in the younger age
groups compared with the older age groups. Third, because
our study only included cases that delivered after 24 weeks,
the risk of abortion or FDIU with delivery <24 weeks accord-
ing to maternal age was not studied. For similar reasons,
we also did not analyze the age-related risk of congenital
anomaly in this study, because pregnancy termination before
24 weeks was not included. Lastly, because our data were
accumulated over 22 years, the management of twin preg-
nancies and twin infants may not have been consistent.

In conclusion, our findings suggest that, for twin pregnan-
cies, maternal age is not associated with increased risk of
adverse pregnancy and perinatal outcomes, except for gesta-
tional diabetes and placenta previa. Rather, twins are associ-
ated with more favorable perinatal outcomes with increasing
maternal age. Although the cause of this paradoxical phe-
nomenon in twin pregnancies remains unknown, the results
of our study may help clinicians provide better pregnancy
and perinatal counseling to older women carrying twin preg-
nancies.
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