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Abstract

Objective: Twin pregnancies are associated with a higher risk of adverse pregnancy outcomes than are singleton pregnancies. Although
the risk factors and predictors of adverse outcomes in singleton pregnancies have been clearly identified in numerous studies, those
specific to twin pregnancies remain less consistent. This study was performed to summarize and evaluate the risk factors and predictors
of adverse outcomes in twin pregnancies. Mechanism: A comprehensive review was conducted using the PubMed and Web of Science
databases to analyze and identify the relevant risk factors and predictors of avderse outcomes in twin pregnancies. Findings in Brief:
The risk factors and predictors of adverse outcomes in twin pregnancies are largely similar to those in singleton pregnancies, particularly
in relation to preeclampsia and preterm birth and especially for conditions not unique to twin pregnancies. However, there remains a gap
in the study of complications specific to twin pregnancies, largely because of their chorionicity. Conclusions: Early identification of
risk factors and predictors for adverse outcomes in twin pregnancies facilitates earlier prevention and intervention and lead to improved
management of serious complications in twin pregnancies.
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1. Introduction 2. Methods

Twin pregnancies carry a high risk of pregnancy The PubMed and Web of Science databases were
complications, including preeclampsia (PE), preterm birth  geprched for studies reporting on risk factors and predic-
(PTB), selective fetal growth restriction (SFGR), and fe- 15 of adverse outcomes in twin pregnancies, such as PE,
tal brain injury, among others. Additionally, monochori-  prg TTTS SFGR, and brain injury. All literature related to
onic twin pregnancies have a higher rate of complica- ok factor and predictors of adverse outcomes in twin preg-
tions because of the shared placenta, which may result in =~ 0 oo (oo considered adequately. The search keywords
twin-to-twin transfusion syndrome (TTTS) or twin anemia— o1 defined: twin pregnancy, preterm birth, preeclampsia,
polycythemia sequence (TAPS) [1]. Newborns from tWin  yin to.twin transfusion syndrome, selective fetal growth
pregnancies are at increased risk of adverse outcomes, in-  ogpriction, fetal brain injury, risk factor, predictor. Subse-
cluding birth defects, brain injury, and stillbirth, due to yently, the exclusion criteria were defined: (1) not evalu-
these complications [2]. Although twin pregnancies ac- ating risk factors and predictors, (2) the literature type was
count for only about 3% of all live births, they repre-  |oither an article nor a review, (3) full text not retrieved, (4)
sent approximately 15% of neonatal intensive care unit ad- ¢ janguage was limited to English. The literature search
missions. The management of singleton pregnancies has a5 1ed by one author (BW). Titles and abstracts of all re-
reached a relatively advanced level, and the risk factors and  |ateq Jiterature were screened independently by two authors
predictors of adverse complications in singleton pregnan- (YF and QW). The results and conclusions reached consen-
cies have been extensively studied [3,4]. However, fewer ¢, among all authors. Additionally, differences in risk fac-
studies have specifically addressed the risk factors and pre- tors and predictors between twin and singleton pregnancies
dictors of adverse outcomes in twin pregnancies, leading were compared. Preferred Reporting Items for Systematic

to less consistent management in clinical practice. There- Reviews and Meta-analyses (PRISMA) flow diagram is de-
fore, it is crucial to identify the risk factors and predictors  (,:104 in Fig. 1.

of adverse complications in twin pregnancies to improve
management and facilitate early intervention. 3. PE

PE is a hypertensive disorder involving multisystem
impairment, affecting 4.6% of pregnancies and representing
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of identification of studies.

a significant cause of perinatal morbidity and mortality [5].
The prevalence of PE is much higher in twin pregnancies
than in singleton pregnancies [6], and in twin pregnancies,
PE tends to be more severe and have a worse prognosis.
Given that twin pregnancies often result in PTB, the rel-
ative risk of PE may be underestimated in this group. The
incidence of twin pregnancies has increased rapidly over the
last 30 years [7]. While significant progress has been made

in predicting PE in singleton pregnancies, less information
is available for twin pregnancies. Therefore, predicting PE
in twin pregnancies is of great significance.

The risk factors for PE in singleton pregnancies are
well known, but those in twin pregnancies are less con-
sistent. Hypertensive disorders of pregnancy, including
PE, chronic hypertension, and gestational hypertension, are
among the most prevalent diseases in pregnancy. Because
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of'its particular pathological mechanisms, PE is a risk factor
for many placenta-related diseases. Taguchi et al. [8] found
that a family history of hypertension and a history of hyper-
tensive disorders of pregnancy are independent risk factors
for PE in twin pregnancies, similar to findings in single-
ton pregnancies. A study at King Chulalongkorn Memorial
Hospital among women with twin pregnancies who deliv-
ered after 23 weeks of gestation identified nulliparity and
chronic hypertension as risk factors for PE after multivari-
ate logistic regression analysis [9]. Women under 17 years
of age with twin pregnancies have a higher risk of PE than
those over 17 years of age [10]. Chantanahom ef al. [9]
pointed out that low gestational weight gain is a significant
protective factor against the development of PE. Similarly,
Lipworth et al. [11] found that gestational weight gain be-
low Institute of Medicine (IOM) guidelines was associated
with PTB before 32 weeks of gestation and a decrease in
the risk of PE, while gestational weight gain above IOM
guidelines was associated with a higher risk of PE. This
suggests that inappropriate gestational weight gain affects
more than half of twin pregnancies and is a modifiable risk
factor for PE. Gestational diabetes, another prevalent preg-
nancy complication, continues to rise due to increasing obe-
sity rates among pregnant women. Gestational diabetes is
often related to complications such as higher infant weight
and cardiometabolic disecase. Dave ef al. [12] identified
gestational diabetes as a risk factor for PE in women with
twin pregnancies. Dai ef al. [13] conducted a five-year ret-
rospective study and found that in preeclamptic dichorionic
twin pregnancies, in vitro fertilization and growth discor-
dance are risk factors for developing early-onset PE. Addi-
tionally, intrahepatic cholestasis of pregnancy increases the
incidence of PE, highlighting the necessity of routine eval-
uation for PE in the treatment of women with moderate and
severe intrahepatic cholestasis of pregnancy [14].

Several studies have identified predictors of PE.
Stepan et al. [15] found that the soluble fms-like tyrosine
kinase 1 (sFlt-1)/placental growth factor (PIGF) ratio can be
applied to predict PE in twin pregnancies. It is worth noting
that PIGF, sFlt-1, and the sFIt-1/PIGF ratio were initially
utilized to predict and monitor PE, PTB, and other placenta-
related disorders in singleton pregnancies, and their role
in predicting placenta-related disorders in twin pregnancies
is also significant. Lu et al. [16] reported that consider-
ing early pregnancy serum markers (5-human chorionic go-
nadotropin) and the uterine artery pulsatility index can pro-
vide better predictive value for PE in twin pregnancies, with
higher sensitivity and specificity. However, another study
indicated that the uterine artery pulsatility index has limited
value in screening for PE in twin pregnancies [17].

Similar to singleton pregnancies, maternal age, par-
ity, gestational weight gain, history of PE, ethnicity, and
gestational diabetes are associated with a higher risk of PE
in twin pregnancies [18]. The risk factors of assisted re-
production continue to be debated, with a study reporting
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an increased risk of PE with assisted reproduction and oth-
ers reporting no significant difference between spontaneous
and assisted reproductive pregnancies [19]. It is possible
that assisted reproduction shares risk factors with PE, lead-
ing to confounding factors in the analysis.

In singleton pregnancies, guidelines proposed by
the American College of Obstetricians and Gynecologists
(ACOQG) and the National Institute for Health and Care Ex-
cellence (NICE), commonly used in clinical practice, sug-
gest that women with one or more high-risk factors or two or
more moderate-risk factors should be considered as at high
risk for PE [20,21]. Various prediction models based on
risk factors and predictors have been successfully applied
in predicting PE in the first trimester of pregnancy by com-
bining maternal risk factors, mean arterial pressure, uterine
artery pulsatility index, and PIGF [22,23]. However, be-
cause of the inconsistency in studies on predicting PE in
twin pregnancies, the risk factors and prediction models for
such pregnancies remain elusive.

4. PTB

PTB refers to delivery before 37 completed weeks of
gestation. Globally, approximately 15 million infants are
born preterm each year. PTB complications are a leading
cause of neonatal mortality and are associated with long-
term neurodevelopmental and physical development issues,
as well as significant public health challenges [24]. The
PTB rate in twin pregnancies has increased significantly
over the past three decades because of the rising incidence
of twin pregnancies worldwide. The increased incidence of
PTB in twin pregnancies, unlike in singleton pregnancies,
may be associated with factors such as chorionicity, cervi-
cal insufficiency, maternal and fetal complications unique
to twin pregnancies, uterine overdistension, and uterine hy-
poxia[24]. Given the unique physiopathology of twin preg-
nancies, it is crucial to study them separately from singleton
pregnancies and to identify risk factors and predictors with
a focus on chorionicity and other twin-specific complica-
tions.

Risk factors for PTB in singleton pregnancies include
a history of previous PTB, ethnicity, low maternal body
mass index, and periodontal disease. Both spontaneous
PTB and medically indicated PTB (PTB in response to ma-
ternal or fetal complications) have been investigated. In
twin pregnancies, a previous spontaneous singleton PTB
is an important risk factor, as identified by Berveiller et
al. [25] in a retrospective cohort study. With regard
to maternal weight, gestational weight gain below IOM
guidelines, compared with weight gain within IOM guide-
lines, has been linked to PTB before 32 weeks of gesta-
tion [11]. With regard to chorionicity, fetal complications
have been linked with PTB in monochorionic twins, partic-
ularly TTTS, TAPS, and other severe conditions. For ex-
ample, Marleen et al. [26] found that monochorionicity is
significantly associated with spontaneous PTB before 28,
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32, 34, and 37 weeks of gestation in women who are both
symptomatic and asymptomatic for preterm labor. Single
intrauterine death (sIUD) is a relatively common compli-
cation in twin pregnancies, with an incidence of approxi-
mately 0.5% to 6.8% [27]. sIUD often presents with PTB
and cerebral palsy in the surviving twin. D’Antonio et al.
[28] found that sIUD in twin pregnancies is linked with
a significant risk of PTB, particularly in monochorionic
twins. Twin pregnancies complicated by sIUD, regardless
of chorionicity, are at higher risk of PTB before 34, 32,
and 28 weeks of gestation [28]. Interestingly, Qiao et al.
[29] found that exposure to fine particulate matter <2.5 pm
(PM3_5) could be a risk factor for developing PTB in twin
pregnancies, with the mid-stage of pregnancy identified as
a critical window for the effects of exposure to PMs 5 on
PTB in twin pregnancies. A study has also addressed a his-
tory of cervical surgery as a potential cause of PTB in twin
pregnancies. In a controlled cohort study, Pinborg et al.
[30] found that cervical conization significantly increased
the risk of PTB, and very PTB, in assisted reproductive twin
pregnancies compared with spontaneous twin pregnancies.

With regard to predictors of PTB in twin pregnan-
cies, transvaginal cervical length measurement before 24
weeks is the most significant and widely accepted predictor
[31]. Many guidelines, such as those in the NICE guidelines
for twin and triplet pregnancies and the ACOG Practice
Bulletin for multifetal gestations, indicate that transvaginal
cervical length is an effective measure for predicting PTB
[32,33]. Kuhrt et al. [34] found that quantitative fetal fi-
bronectin measured between 22 and 2776 weeks of gesta-
tion was a precise predictor of spontaneous PTB before 30
weeks in twin pregnancies. Similarly, Marleen ef al. [35]
observed that fetal fibronectin was a significant predictor
of PTB among twin pregnancies in women both asymp-
tomatic and symptomatic for preterm labor. Therefore, a
combination of quantitative fetal fibronectin concentration
and short cervical length could be the strongest predictor of
spontaneous PTB [36]. Further studies should address the
combination of quantitative fetal fibronectin concentration
and transvaginal cervical length in the prevention of PTB in
twin pregnancies. One cohort study reported that maternal
25-hydroxyvitamin D concentrations below 75 nmol/L in
the late second trimester were associated with an increased
risk of PTB in twin pregnancies [37].

Risk factors for developing PTB in singleton pregnan-
cies include prior PTB, low gestational weight gain, mono-
chorionicity, sSIUD, and exposure to PMs 5. An interesting
study also identified increasing maternal age as a risk factor
for PTB in twin pregnancies after in vitro fertilization [38].
It is important to note that short cervical length and quanti-
tative fetal fibronectin concentration are highly associated
with spontaneous PTB.

5. TTTS and sFGR

TTTS and sFGR are unique complications in mono-
chorionic pregnancies. TTTS is a severe condition that
occurs in 10% to 15% of monochorionic diamniotic twin
pregnancies [39]. The Quintero staging system is a criti-
cal tool for assessing the severity of TTTS, dividing it into
four stages (I-1V). Sonographic examination should be con-
sidered for twin pregnancies with a monochorionic diamni-
otic placenta to monitor the progression and severity of this
disease [40]. The natural history of stage I TTTS is rela-
tively favorable, with a perinatal survival rate of 86% and
no need for invasive intervention. However, the prognosis
of advanced TTTS is very poor, with single or double twin
death occurring in 90% to 100% of cases [41]. Fetoscopic
laser surgery is considered the best approach for advanced
TTTS between 16 and 26 weeks, but data analysis reveals
no significant survival benefit, and long-term neurological
outcomes remain disappointing [42].

sFGR is characterized by one fetus growing normally
while the other is growth-restricted; it affects 10% to 15%
of monochorionic diamniotic twin pregnancies. It is de-
fined as one fetus being less than the 10th percentile for fetal
weight at the same gestational age, with an estimated fetal
weight difference between the two fetuses of >25%. sFGR
is associated with a high incidence of stillbirth, miscarriage,
and PTB, and the risk of brain injury in newborns is also
high, significantly affecting quality of life. Gratacos et al.
[43] classified sFGR into three types based on the charac-
teristics of the diastolic blood flow spectrum of the umbil-
ical artery. Type I sFGR has a good prognosis, with 90%
of the two fetuses surviving without serious sequelae and
an intrauterine mortality rate of only 2% to 4%. The man-
agement of sSFGR with abnormal umbilical artery Doppler
findings (types Il and III) remains challenging. Treatment
options for sFGR include conservative management and in-
trauterine interventions, such as selective fetal reduction
and selective placental vascular communication laser coag-
ulation. Therefore, detecting the risk factors and predictors
of TTTS and sFGR is crucial.

Stagnati et al. [44] found that monochorionic twin
pregnancies with intertwin nuchal translucency discrep-
ancy, nuchal translucency at the >95th percentile, inter-
twin crown—rump length discrepancy of >10%, or abnor-
mal ductus venosus flow on first-trimester ultrasound ex-
amination are at significantly increased risk of developing
TTTS. Although few studies have explored risk factors and
predictors in twin pregnancies, one has linked abnormal
blood flow patterns with single fetal demise in women with
TTTS after fetoscopic ablation [45]. Willner et al. [46] ob-
served differential expression of amniotic fluid microRNAs
between TTTS recipient fetuses with severe cardiomyopa-
thy and those without, suggesting that amniotic fluid mi-
croRNAs could be important biomarkers of disease sever-
ity in TTTS. Anh et al. [47] found that vascular endothe-
lial growth factor receptors 1 and 2 as well as interleukin-6,
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Table 1. Risk factors and predictors of adverse outcomes in twin pregnancies.

Complications  Risk factors Predictors

PE Nulliparity, chronic hypertension, history of hypertension and history of hyperten-  sFIlt-1/PIGF ratio, 3-HCG, UTPI
sive disorders of pregnancy, young mother, high gestational weight gain, gestational
diabetes, IVF, ICP

PTB Previous spontaneous singleton PTB, low gestational weight gain, monochorionicity, = Transvaginal cervical length, fetal
sIUD, exposure to PMa 5 fibronectin

TTTS Intertwin NT discrepancy, NT >95th percentile, intertwin CRL discrepancy >10%, Amniotic ~ fluid = microRNAs,
abnormal DV flow on first-trimester ultrasound examination VEGF-R1, VEGF-R2, IL-6

sFGR Types II and III sFGR L-phenylalanine, L-leucine, and L-

Brain injury

TTTS or TAPS following laser surgery, sSIUD, lower gestational age at birth

isoleucine

None

PE, preeclampsia; PTB, preterm birth; PM> 5, fine particulate matter <2.5 pm; NT, nuchal translucency; CRL, crown—rump length; DV, ductus

venosus; TTTS, twin-to-twin transfusion syndrome; TAPS, twin anemia—polycythemia sequences; FGR, selective fetal growth restriction;

IVF, in vitro fertilization; ICP, intrahepatic cholestasis of pregnancy; sIUD, single intrauterine death; sFlt-1, soluble fms-like tyrosine kinase 1;

PIGF, placental growth factor; 3-HCG, 3-human chorionic gonadotropin; UTPI, uterine artery pulsatility index; VEGF-R, vascular endothelial

growth factor receptor; IL-6, interleukin-6.

which are involved in vascular regulation and stabilization,
may facilitate the pathogenesis of TTTS in twin pregnan-
cies.

Chen et al. [48] and Zumaeta et al. [49] found that
types Il and I1I sSFGR were associated with adverse perinatal
outcomes in univariate and multivariate logistic regression
analyses, suggesting that these types of sFGR are risk fac-
tors for adverse outcomes in sFGR. Similarly, Monaghan
et al. [50] found that pregnancies complicated by type 11
sFGR are associated with a higher risk of adverse perina-
tal outcomes compared with those complicated by type I
sFGR. With regard to the predictors of sFGR, a prospec-
tive longitudinal cohort study revealed that the combina-
tion of L-phenylalanine, L-leucine, and L-isoleucine in the
second trimester significantly predicted the occurrence of
sFGR [51].

With regard to TTTS and sFGR, few studies have ex-
plored the risk factors and predictors in twin pregnancies,
likely because of the low incidence of these conditions.
Therefore, more research and attention are needed to bet-
ter understand these two diseases.

6. Brain Injury

Fetal brain injury can lead to serious long-term neu-
rodevelopmental impairment. The five types of perinatal
brain injuries include hypoxic—ischemic encephalopathy,
intraventricular hemorrhage, periventricular leukomalacia,
perinatal stroke, and cerebral palsy. Hypoxic—ischemic en-
cephalopathy affects approximately 3 in 1000 live births
[52], and therapeutic hypothermia and postnatal erythro-
poietin could potentially prevent it [53]. Intraventricular
hemorrhage primarily affects preterm infants (<32 weeks),
and possible prevention strategies include the use of ante-
natal corticosteroids and delayed umbilical cord clamping
[54,55]. In clinical practice, magnesium sulfate is often
used to reduce the risk of cerebral palsy, along with other
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measures to prevent PTB. Few strategies are available to re-
duce the risks of periventricular leukomalacia and perinatal
stroke.

An increased incidence of brain injury has been ob-
served in monochorionic twins, and the window for poten-
tially effective treatment is narrow. Close monitoring of
intrauterine growth and development, emphasizing the im-
portance of umbilical artery Doppler blood flow monitor-
ing and evaluation, and timely termination of pregnancy or
selective fetal reduction by vascular occlusion and laser ab-
lation are effective measures to prevent brain injury in sur-
viving fetuses [56].

To date, most studies on fetal brain injury have fo-
cused on TTTS. Sileo et al. [57] reported that the overall
incidence of diagnosed fetal brain injury in twin pregnan-
cies with TTTS following laser surgery is approximately
2%. Duyos et al. [58] found that in monochorionic twins,
the risk of brain injury is higher when sIUD occurs sponta-
neously. The main risk factors for prenatal brain injury in
the surviving twin include gestational age at sIUD, sFGR,
and anemia. Spruijt et al. [59] found that fetal brain in-
jury in TTTS is related to recurrent TTTS, TAPS following
laser surgery, and lower gestational age at birth. The limited
number of studies on fetal brain injury reflects the techni-
cal limitations in screening for antenatal brain injury [60].
From a pathological perspective, maternal factors such as
gestational hypertension, gestational diabetes mellitus, and
intrahepatic cholestasis of pregnancy could be risk factors
for fetal brain injury. Risk factors and predictors of the ad-
verse outcome in twin pregnancies are shown in Table 1.

7. Conclusions

Twin pregnancies are more likely to involve serious
maternal and neonatal complications, making it crucial to
identify the risk factors and predictors of adverse outcomes
in twin pregnancies for primary prevention. Some risk fac-
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tors for adverse outcomes in twin pregnancies are similar
to those in singleton pregnancies. However, because of the
specific characteristics of twin pregnancies, risk factors for
certain conditions, such as sFGR, TTTS, and brain injury,
differ significantly from those in singleton pregnancies.

Ultrasonography and clinical staging are important
tools for predicting and monitoring unique complications
in twin pregnancies, such as TTTS and sFGR, with ultra-
sonography being a key diagnostic and staging modality.
Fetal brain injury is primarily related to PTB and TTTS or
TAPS following laser surgery, as well as sIUD.

Future studies on risk factors and predictors should ex-
plore the mechanisms underlying the occurrence and devel-
opment of adverse outcomes in twin pregnancies, many of
which remain unclear. In clinical practice, it is essential to
recognize the differences between twin and singleton preg-
nancies. Early identification of risk factors for adverse out-
comes in twin pregnancies facilitates earlier prevention and
intervention. Better control of predictors can lead to im-
proved management of serious complications in twin preg-
nancies and prevent poor maternal and infant outcomes.
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