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Abstract 
 
Prediction of preterm birth in a twin pregnancy 
Robyn Chilton 

 

Introduction: Twins account for around 2-3% of all births, with trends showing a steady rise in this 

twinning rate. Twins can be categorised via their chorionicity into dichorionic (DC) and 

monochorionic (MC) with differing complications. All twins are at risk of preterm birth (PTB) which 

remains the most significant cause of mortality and morbidity amongst neonates, and twins make up 

15-20% of these PTB despite accounting for only 2-3% of all live births. The current evidence for 

prediction and prevention of PTB in twins is poor and has produced contrasting results. 

 

Methods: Data was collected from Meditech online records, recorded at Liverpool Women’s Hospital 

from 2010-2020. Data collection included maternal characteristics; including BMI, age, parity, 

ethnicity and data on the twin pregnancy and any previous pregnancy. The chorionicity was 

collected from fetal software viewpoint. Any fetal loss or stillbirth was identified on Meditech, and 

further data was collected from viewpoint and scanned notes. 

 

The cohort data was coded and analysed using SPSS software and further split into loss of one or 

both fetuses. Preterm birth was defined as delivery before 34+0 weeks gestation and analysis was 

performed on the impact of clinical and demographic factors on gestational week of delivery.  

Univariable and multivariable analysis was performed to assess the impact of each variable, with 

multivariable analysis done on all covariates using a backwards step-wise process based on Akaikes 

information criterion (AIC). 

 

Results: 1584 twin pregnancies were identified from LWH. The chorionicities were 1193 (75.3%) 

DCDA, 374 (23.6%) MCDA and 17 (1.1%) MCMA. Maternal age (<0.001), white vs non-white ethnicity 

(0.037), black vs non-black ethnicity (0.012), use of IVF (<0.001), no ART use (<0.001), parity of 0 and 

1+ (0.012) and birthweight of twin 1 and twin 2 (<0.001) was found to be significantly different 

between MC and DC twins.  

 

Spontaneous fetal loss of at least 1 fetus at <24 weeks was higher in MC twins 18 (4.81%) than DC 

twins 23 (1.93%) (P value 0.002). Loss of one fetus <24 weeks was higher in MC twins 3.5% vs 1.3% 

p=0.005, but loss of both fetuses was found to be non-significant p=0.141. Relative risk of 1 fetus 

loss and both fetuses lost was higher in MC twins at 2.76 (CI 1.33, 5.96) and 2.13 (CI 0.76, 5.94). 
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23.1% of MC and 26.7% of DC pregnancies that lost 1 fetus <24 weeks went on to lose the remaining 

twin >24 weeks gestation. 

 

Univariable analysis found a reduction in the gestation of the twin pregnancy in pregnancies with a 

history of previous preterm birth (-1.43 weeks) and a monochorionic chorionicity (-1.82 weeks). An 

elongation in the gestation of the twin pregnancy was found in a parity of 1 and 2+ (+0.78 and +0.88 

weeks) and increasing maternal age (+0.03 weeks for every yearly increase). 

 

Multivariable analysis separated by chorionicity, performed for both a continuous variable and a 

categorical value, found a found a parity of 1 (+0.94/+0.56 and +1.05/+0.74 weeks) and 2+ 

(+1.29/+0.87 and +1.24/+1.00 weeks) had a positive effect on both MC and DC pregnancies. History 

of a previous preterm birth reduced the MC and DC twin pregnancy (-2.00/-1.33  and -2.36/-1.56 

weeks). The negative effect of an increasing BMI (-0.03 weeks) was only significant in a MC 

pregnancy. 

 

Conclusion: Monochorionic twins have higher rates of preterm birth and <24-week pregnancy loss 

than dichorionic twins. Nulliparity, younger maternal age, history of previous preterm birth, and 

monochorionicity all reduce the gestational age of the twin pregnancy. The majority of the 

significant variables have slightly more negative impact on a dichorionic pregnancy than a 

monochorionic pregnancy. Increasing BMI only had a significant negative effect on a monochorionic 

pregnancy. This thesis has identified a high-risk twin cohort for preterm birth, which could be used 

for future research into targeted twin preterm birth prevention studies.   
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Hypothesis and aims  

 

Hypothesis  

 

This thesis tested the following hypothesis: 

 

1. Twin pregnancies are at high risk of preterm birth, and there are recordable variables that 

can predict this risk. 

2. Monochorionic and dichorionic twins are at different risks of preterm birth and therefore 

should be treated as two separate populations. 

 

The aims of this thesis are outlined below: 

 

1. Conduct a retrospective cohort study using clinic data from Liverpool Women’s hospital to 

establish the link between recordable pregnancy variables and prediction of twin preterm 

birth. 

2. To further establish the risk of <24-week pregnancy loss in a twin birth, analysed by 

chorionicity. 

3. To potentially identify a high-risk twin pregnancy cohort which can further be used in twin 

preterm birth intervention research. 
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Chapter 1 – Challenges of multiple pregnancy and preterm birth 

 

Over the last several decades, there has been an increase in the incidence of multiple births, now 

accounting for 2-3% of all births (1, 2). Multiple births are any birth that results in more than one 

child being born, with twins being the most common subset of multiple birth. Twins are more at risk 

of complications due to being a higher risk pregnancy, they are associated with adverse fetal 

outcomes; including preterm birth (<37 weeks), low birth weight and stillbirth, contributing to 12% 

of neonatal deaths (3). 

 

Twins are more likely to be born preterm with nearly 60% of all twins being born before 37 weeks. 

Despite only making up 2-3% of births, twins disproportionally account for approximately 15-20% of 

all preterm births (4). Preterm birth is one of the leading causes of mortality and morbidity with 

studies finding a babies born at 25 weeks’ gestation have a 40% mortality rate and 45% morbidity 

rate (moderate-to-severe handicap) (5). Additionally, twins are associated with 4-fold increase in 

cerebral palsy and an increase in congenital anomalies when compared with a singleton pregnancy. 

Babies born from a twin pregnancy are 10 times more likely to be admitted to the neonatal intensive 

care unit (NICU) when compared their singleton counterparts (6).  

 

1.1 Incidence 

 

In 2019 there were 9,656 multiple births across the whole of the UK, with a multiple birth rate of 

15.3 per 1000 pregnancies. In contrast to 20 years previously, the 1999 multiple birth rate was 14.5 

per 1000 pregnancies. Despite an overall increase seen in the multiple birth rate, the multiple birth 

rate has decreased in the last 5 years with a large drop of 3.5% seen most recently from 2018 to 

2019 (10,005 to 9,656 births) (7). The rate of monozygotic (MZ) twins has remained fairly stable over 

the years, however the increase seems to be because of a rise in dizygotic (DZ) twins; thought to be 

due to increasing maternal age and more widespread access to fertility treatments (8, 9). These 

factors also interlink as the need for fertility treatments often increases as maternal age increases 

due to development of factors that predispose to infertility(3). Other less significant factors include 

family history of twinning, previous twin delivery, diet and maternal height and weight(10), which 

have been thought to contribute to the increased twinning rate.  



11 
 

 

1.2 Risk factors for twins 

 

Overall, the incidence of multiple birth has increased in both spontaneous multiple pregnancies and 

artificial reproductive techniques (ART) multiple pregnancies. A 1999 study conducted in Sweden 

attributed the increased in multiple birth to in-vitro fertilization (IVF), ovulation induction and 

increasing maternal age (each of equal weighting). It was also reported that in 1999, in the UK, 31% 

of live births from IVF were part of a multiple pregnancy (11).  

 

1.2.1 Ethnic groups 

 

Different ethnic groups have shown to have different rates of twin pregnancy, with the highest 

reported in Nigeria, and lowest in Japan. These twin pregnancies are due to the difference in DZ 

twins rather than MZ twins. The incidence of MZ twins has been shown to be similar in all ethnic 

groups throughout the world (12). One study conducted in Nigeria, showed the difference in 

twinning rates in each region, with western Nigeria having the highest twinning rate of 54.2 per 1000 

pregnancies. When split into MZ and DZ, it was shown that the MZ rate across the regions of Nigeria 

was very similar (4.4-5.1 per 1000 pregnancies), the difference being accounted for by the DZ 

pregnancies (28.7-49.8 per 1000 pregnancies) (13). 

 

1.2.2 Artificial reproductive techniques 

 

Another reason for increasing multiple births is thought to be artificial reproductive techniques 

(ART) which have increased over the last several decades. ART are any procedure or medication that 

assists in achieving pregnancy, and the percentage of new-borns born through such procedures in 

Europe is thought to be 1.7-2.2% (14). One common complication of ART is multiple pregnancy, and 

there is current guidance in place to reduce this risk, such as the transfer of one embryo per IVF 

cycle. 

 

Clomiphene is a follicle stimulating hormone (FSH) up-regulator which was used first line in the 

medical treatment of polycystic ovary syndrome related infertility. It acts by encouraging follicular 

development, increasing the chance of multiple follicles becoming mature, increasing the 

background rate of a twin pregnancy from 1.6% to approximately 5-8% (15, 16). NICE currently 

recommends that a transvaginal ultrasound be done to check the number and size of the maturing 
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oocytes to minimise the risk of multiple pregnancy, ensuring that the lowest effective dose of 

clomiphene is given (17). A 2017 study showed that the frequency of transvaginal ultrasound 

monitoring during clomiphene use was only 61.45%. One main factor was immediate access to 

TVUS, showing that clinicians were significantly less likely to follow the current scanning 

guidance(18). It was previously reported that 8-10% of women taking clomiphene had multiple 

pregnancies, but a 2020 review has suggested that the rate is much lower at 3-4% when adjusted for 

certain factors such as BMI and used within the current guidelines (19). Due to the increase in the 

number of mature follicles being released, clomiphene increases the chance of a DZ dichorionic 

diamniotic (DCDA) pregnancy.  In ovarian stimulation, it is more difficult to control the number of 

mature oocytes that develop and therefore the number of potential embryos that implant.  

 

The human fertilisation and embryology authority (HFEA) introduced a two-embryo policy that came 

into effect in 2004, stating only two embryos can be transferred into a woman under the age of 40 in 

each IVF cycle. In 2010 only 14.9% of IVF treatment cycles had one embryo transferred (20). The 

birth rates reported in a 2005 trial showed when transferring one or two embryos in a cycle, the live 

birth rates were 38.8% and 42.9% respectively, with the twin pregnancy rate being 0.8% and 33.1%  

(21), showing a minimal difference in live birth rate but a large reduction in the risk of twin 

pregnancy.  More recently in 2008, it was reported by the European society for human reproduction 

and embryology that 22% of all assisted reproductive deliveries were multiple births (22). 

 

Transferring just one fertilised embryo in the IVF process will not prevent the embryo from splitting 

to create a MZ twin pregnancy. Studies have reported a 1.5-3% MZ twin live birth rate in IVF 

pregnancies compared to 0.4-0.45% rate reported in natural conception (23-25). A link between 

younger females (<35 years) and transferring blastocysts has been shown to be statically significant 

to increase the risk of a MZ pregnancy in a 2019 study (26).  Although studies have shown an 

increased rate of MZ twins in IVF pregnancies (27) it has been stated that larger cohort studies are 

needed to assess the full relationship and risk IVF poses. Despite a reduction in twin pregnancy 

overall after IVF in the last 20 years, the incidence of monochorionic twins was found to have 

increased from 1.6% 2004-2005 to 2.5% in 2009-2010 after IVF (28).  

 

Although transferring one embryo rather than two in an IVF cycle as shown to be effective for 

reducing the risk of twin whilst only slightly impacting the chance of a live birth, single embryo 

transfers are still rare due to the financial and cost effectiveness of the procedure (29). Multiple 

studies have found comparable fetal and maternal outcomes in ART twin pregnancies when 
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compared to spontaneous twin pregnancies.  In Finland where the transfer of just embryo is 

recommended, it has been found that the twin rate has been lowered to less than 10% (30).  

 

1.2.3 Maternal age 

 

In 2019, the mean age of a mother at childbirth was 30.7 years. This is an increase of approximately 

16.3% from 1973 when the mean age was 26.4 years. The rate of childbirth in women over 40 years 

is now higher than the fertility rate of women under 20 years, a trend last seen in 1947 (31). It was 

also reported in the 2019 data that in the age groups 40-44 and 45+, the multiple birth rate was 24.6 

and 73.2 per 1000 maternities. This is in contrast to a multiple birth rate of 15.9 and 19.1 per 1000 

maternities in 30-34 and 35-39 years. In 1999, 20 years previously, the multiple birth rate per 1000 

maternities in the 45+ age group was 47.4 (31) displaying an 54.5% increase in this age group. 

Several studies have reported that the rate of a twin pregnancy has been shown to increase with 

maternal ages 35-39 years. As with the difference in ethnic groups, this increase is due to dizygotic 

twin pregnancies as opposed to monozygotic pregnancies. ART and egg donation have resulted in 

more women being able to have children in their penultimate childbearing years (32), and therefore 

increased twin pregnancy in women over 35 years. This comes with its own challenges that are not 

only associated with a multiple pregnancy but with an older mother.  

 

1.3 Twin Classification (chorionicity and amnionicity) 

 

Twins are classified by their chorionicity and amnionicity. They are either dichorionic diamniotic 

(DCDA), monochorionic diamniotic (MCDA) or monochorionic monoamniotic (MCMA). They can also 

be separated by their zygoticity, monozygotic; from one fertilised embryo, or dizygotic; from two 

fertilised embryos.  
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Figure 1 - Chorionicity of a twin pregnancy 

Chorionicity can be defined as monochorionic (sharing one chorion) or dichorionic (separate 

chorions). The chorion refers to outer membrane surrounding the fetus containing the amnion 

membrane, the chorion contributes to placental development resulting in each chorionic membrane 

being connected to a single placenta. The amnion is a thinner membrane inside the chorion that 

directly contains the amniotic fluid and fetus.  

 

In a DC twin pregnancy, the fetus’ have their own separate chorionic membrane, thus are also 

diamniotic and have their own separate placentas. A MCDA pregnancy will have one chorionic 

membrane with two amniotic membranes. This results in both fetus’ sharing one common placenta 

but being contained in their own amniotic sac with dividing membranes. A MCMA pregnancy results 

in the fetuses being within the same chorionic membrane and amniotic membrane, sharing both a 

placenta and amniotic sac. 

 

All twins born from two embryos (DZ) develop separately within their own chorion resulting in DCDA 

twins. However, MZ twins (from one embryo) can be any of the three chorionicitys. It is thought that 

approximately 33% of MZ twins are DCDA, 65% are MCDA, with the remaining 2% being MCMA (33). 

This distinction is due to the timing of the embryonic cleavage, with the earliest cleavage resulting in 

DCDA twins (before 3 days conception) (34), later MCDA and the very late cleavage around 8 days 

after fertilisation (35) resulting in MCMA twins respectively. Separation after day 13 usually results in 

conjoined twins due to the incomplete separation (36) 

 

Chorionicity is determined during prenatal ultrasound scanning, with zygosity (number of fertilised 

ovum) able to be predicted in approximately 65% of pregnancies (37). Chorionicity can be recorded 

effectively from a gestation of 7 weeks by using transvaginal ultrasound (38).  

 

DCDA pregnancies are identified by the presence of two separate placentas and a thick membrane 

showing two separate gestational sacs. In some pregnancies only one fused placenta can be seen, 

making it difficult to determine the chorionicity. In these cases, the absence of chorionic tissue into 

the intertwin membrane implies a MC pregnancy (39). The presence of chorionic tissue would result 

in a Lambda sign on ultrasound indicating a dichorionic pregnancy (40). Additionally, a thick 

membrane that measures >2mm is a positive predictor for a DCDA pregnancy in 92% of cases (41). 

The fetuses are separated by three layers; a thick layer of chorion with the two separate amniotic 

sac membranes on either side (42).  
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A MCDA pregnancy will show two separate layers; the two amniotic sac membranes, with the 

absence of the thick layer of chorion (42). A thin membrane, one placenta and two separate 

gestational sacs can also be used to indicate a MCDA pregnancy (36). The T sign on ultrasound (two 

thin amniotic sacs bound together) indicates the diagnosis of a MCDA twin pregnancy with 

sensitivity of 100% (43). The T sign will not be seen in a MCMA pregnancy due to the lack of 

separating amniotic sacs. The number of placenta masses seen on ultrasound can occasionally be 

misleading due to fusing of the placentas in a DCDA pregnancy or a bilobed placenta in a 

monochorionic pregnancy (44). 

 

It is harder to determine the chorionicity of a pregnancy the more advanced it is. The dividing 

membrane that is very apparent in the first trimester in DCDA twins is less visible as the pregnancy 

progresses, as it becomes difficult to distinguish between the thick chorionic layer and the thin 

amniotic sac membranes. The best way to determine chorionicity has showed to be an ultrasound 

within the first or the early second trimester (39). At a later gestation, discordant sex of the twins is 

the most obvious sign of a DCDA pregnancy (36), although structural abnormalities can arise in the 

fetus’ meaning this is not the most reliable method.  Some MCDA pregnancies can become 

iatrogenic MCMA through interventions, particularly for vascular complications (45), so it is 

important to determine the chorionicity as early as possible before these interventions are 

indicated. 

 

1.4 Twin specific complications  

 

Figure 3 - MCDA twin pregnancy 

 

Figure 2 - DCDA Pregnancy 
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MC twins are associated with a higher risk of adverse outcomes when compared to DC twins. 

Therefore, it is important to determine the chorionicity of a pregnancy due to the increased risks 

associated with monochorionicity.  Accuracy is improved when the assessment is undertaken at 14 

weeks or less, with some results after 14 weeks having shown to pregnancy being labelled as the 

incorrect chorionicity in up to 14% of cases (44).  

 

Two ultrasound screening studies showed a spontaneous death of at least one fetus between 10/14-

24 weeks in 12% in monochorionic twins and 2.5% in dichorionic twins (46, 47). MC twins are higher 

risk due to their shared circulations through vascular anastomoses, this single placenta can lead to 

problems unique to monochorionic twin pregnancies such as twin anemia-polycythemia sequence 

(TAPS), twin-to-twin transfusion syndrome (TTTS), and death or risk of neurological damage in one 

twin if the other twin dies during the pregnancy. Other complications that occur in singleton or 

DCDA twin pregnancies, such as growth restriction (or selective fetal growth restriction sFGR) and 

fetal abnormalities, are also heightened due to the connection between the twins and therefore 

their reliance on one another. In one analysis from a single centre taken over 11 years, the overall 

mortality rate for MCDA twins was 10% (42). 

 

MCDA twins have a mortality rates close to twice as high as DC twins, and four times as high when 

compared to a singleton pregnancy. Many MC twin loses occur before 24 weeks, meaning perinatal 

mortality data often underestimates the loss of MC twins. Most of these earlier loses are thought to 

be due to TTTS (46). 

 

1.4.1 Twin-to-twin transfusion syndrome 

 

TTTS occurs only in MC twins due to the shared placental circulation, the vascular connections allow 

a gradual shift of blood from one twin to the other (donor to the recipient). It is estimated that it 

occurs in 9-15% of MCDA twin pregnancies (48, 49), with the onset usually between 16 and 26 weeks 

(50). The prognosis in a TTTS pregnancy is overall worse for the donor twin with a prenatal death 

rate of 18-35% (51, 52). 

 

The transfusion imbalance across the placenta creates a donor and a recipient twin. Characteristics 

such as polyuria, polyhydramnios and hypervolemia are seen in the recipient, with oliguria, oligo-

anhydramnios and hypovolemia being seen in the donor (53). 
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Without treatment, there is a significant rate of mortality for TTTS, with 100% mortality for the most 

advanced stage. Definitive treatment involves an intrauterine fetoscopic laser photocoagulation of 

the common vascular anastomoses in the placenta (54). The choice to perform invasive treatment in 

the management of TTTS depends on the severity of the disease. Severity can be graded into four or 

five stages, often known as the Quintero stages with the fifth stage generally being the death of one 

fetus. 

 

Stage Characteristics (55) 

1 Poly/oligohydramnios  

2 As above + absent bladder in the donor twin 

3 As above + at least one of 1) umbilical artery absent or reversed 

end-diastolic velocity, 2) Reverse flow in the ductus venosus, 3) 

pulsatile venous flow 

4 As above + hydrops 

5 As above + demise of at least one twin 

Table 1 Quintero stages for TTTS  

 

Stage 1, defined as a discordance in the amniotic fluid level, is generally treated conservatively as a 

previous study has shown that 70% of these cases do not progress past this stage (56). A more 

recent randomised control trial reported contrasting results with only 41% of stage 1 TTTS not 

progressing to a more severe stage. Despite this, the RCT still recommended expectant management 

as a reasonable option for stage 1 TTTS, with intervention only recommended if the TTTS progressed 

to stage 2 or more (57). 

 

In cases where the fluid discordance is more severe, intervention is necessary to prevent fetal 

mortality and/or morbidity. In the less severe stages, treatment can involve amniodrainage. This 

aims to reduce the fluid level in a recipient twins polyhydramnios (58), whilst simultaneously 

decreasing intrauterine pressure with the hopes a preventing preterm onset of labour (59).  

 

The most severe TTTS is treated by endoscopic laser coagulation. Unlike surveillance or 

amniodrainage, laser coagulation treats the direct cause of TTTS. It works by directing a large 

amount of energy towards fetal vessels until blood flow is prevented, aiming to create a similar 

environment to dichorionic placentas. By severing the common anastomoses between the two 

fetuses, it is hoped that the blood flow is more equally distributed (60). 10% of all treated 
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pregnancies after the procedure result in the rupture of membranes but other complications are 

uncommon (61). The survival rate after endoscopic laser therapy for at least one fetus was shown to 

be 76% in one multicentre study versus a 51% survival rate in amniodrainage alone (62). Endoscopic 

laser is the most appropriate treatment for severe TTTS before 26 weeks gestation, but is not 

performed at stage 5 due to the death of one twin. The laser treatment shows the most benefit in 

TTTS stages 2-4, with previous studies showing only a small reduction in fetal loss in treatment of 

stage 1 TTTS vs expectant management (loss of both twins 13.2% vs 15.1%) (63). 

 

1.4.2 MCMA pregnancies 

 

Cord entanglement is a complication that occurs in MCMA pregnancies due to the sharing of the 

placenta, amniotic sac and lack of separating membrane or septum (64). Up to 71% of MCMA 

pregnancies have cord entanglement with more than 50% of mortalities due to this complication 

(65). NICE states that MCMA pregnancies should be delivered between 32-33+6 weeks (66) due to 

this complication. The late cleavage of the embryo, approximately eight days post fertilisation, also 

increases the risk of asymmetrical placenta distribution, leading to birth weight discordance. TTTS 

has been recorded to occur less frequently in MCMA pregnancies (3%) (67) as opposed to MCDA 

pregnancies (9-15%).   

 

1.4.3 Birth weight discordance  

 

Birth weight discordance is the percentage difference the weight of both babies in a pregnancy. Both 

DC and MC twin pregnancies can have birth weight discordance of differing severities. In 

approximately 7-11% of MCDA twin pregnancies, there is a birth weight discordance of more than 

25% (68, 69). 

 

Severe birthweight discordance is considered severe at higher than 25%, whilst 15-24% indicates a 

mild discordance (70). A high birth weight discordance is an important indicator in the mortality and 

morbidity in MC twin pregnancies. In MCDA twin pregnancies, a common cause of a large birth 

weight discordance is TTTS. TTTS creates a donor and a recipient twin, also leading to a discordance 

in amniotic fluid distribution (polyhydramnios/oligohydramnios) (71). 

 

Isolated birth weight discordance is seen in both DCDA and MCDA pregnancies. Some DCDA 

pregnancies are DZ, the birth weight discordance could be explained due to difference in genetic 
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factors. All MCDA pregnancies are MZ, in these cases birth weight discordance in the absence of 

TTTS cannot be explained due to genetic factors. Unequal placental sharing in a MCDA pregnancy is 

the most likely cause of a significant birth weight discordance (72). The placental distribution 

indicates the direct sharing of circulation that each individual twin has with the mother, and 

therefore has a direct effect on growth in each individual fetus. Even in the absence of TTTS there 

can be amniotic fluid balance discordance, due to the smaller twin naturally producing less urine 

than the larger twin. In cases such as these, TTTS can be ruled out with the absence of 

polyhydramnios in the larger twin (42).  

 

MC pregnancies also have increased risk to the mother including threatened preterm labour, 

gestational diabetes, and TORCH infections. Although this increased risk is also present in DC twin 

pregnancies when compared to singleton pregnancy, the risk is higher in the MC twins (73).  

However, the risk of pre-eclampsia has found to be increased more in DC pregnancies than MC in a 

recent review (74), largely due to the presence of increased placental mass which heightens risk (75) 

 

DCDA twins who are MZ have birth weight discordance comparable to DZ twins , implying 

chorionicity over zygosity is the predominant factor in the discordance (76). It has been shown in 

certain studies that the larger the combined birthweight of the twins, the less likely they will have a 

significant birth weight discordance. This has been suggested to be due to twins with large weight 

discordances being induced therefore delivered early. It has also been suggested that if a uterus can 

nurture the pregnancy for longer, it may be more efficient in providing for two babies equally (77). 

 

Both TTTS and sFGR can happen simultaneously in MC twins. FGR is defined as a fetus having an 

estimated fetal weight of below the 5th or 10th percentile for its gestational age. sFGR is defined as 

one twin the pregnancy being classed as FGR whilst the other twin is not FGR. sFGR occurs in around 

12.5-36% of all MC pregnancies, although this number is not clear and may include cases of TTTS (49, 

52, 78, 79). It has been previously suggested that FGR twins have a better outcome than a FGR 

singleton born at the same gestation due to twin having an accelerated pulmonary maturation but 

this theory has not been proven with multiple studies finding similar prognosis between singletons 

and multiples (80).  

 

Birthweight is one of the strongest predictors for disability and perinatal mortality, in both singleton 

and multiple pregnancies. The mean birthweight for twins remains similar to that of a singleton until 

around 32 weeks’ gestation. After this, growth slows in a twin pregnancy until term (81). On average 

twins weigh around 600g less than singletons born at the same gestation (82). Multiparous women 
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have, on average, twins of larger combined birth weight when compared to twins of primiparous 

women (83).  

 

It has been reported by several investigators that, on average, male twins are heavier than their 

female twin in DZ pairs, and also heavier than similar DZ female pairs (84). This is despite female 

twin on average having a longer gestation than their male counterparts, with female same sex twins 

having similar average gestation to female-male twins. It has also been suggested that in male-

female DCDA twins, the female fetus prolongs the gestation of the pregnancy past that which would 

be expected in a similar male-male DCDA twin set (85) after being adjusted for gestation. The birth 

weight discordance between male and female twins, where the male twin is heavier, has been 

shown to more statically significant in the later gestations or when the weight of the twins was 

above 3000g. It has been suggested that the inter-sex differences come into play at a later gestation 

age due to the effects of fetal testosterone resulting in an increased body mass (86).  

 

1.4.3 Placenta  

 

Abnormal cord insertions are also seen more frequently in twin pregnancies, in 3-17% DC and 10-

45% MC placentas. Other abnormalities such as a singular umbilical artery has shown to occur three 

to four times more frequently in twin pregnancies than in a singleton pregnancy (87). 

Birthweight in twins has shown to be significantly lower in abnormal or peripheral umbilical cord 

insertion when compared to central cord insertion. Central cord insertion is also found less 

frequently in MC twins (55% males, 52% females) when compared to DC twins, more in MZ DC twins 

(67% males, 61% females) and highest in DZ twins (81% males, 82% females). When comparing 

peripheral cord insertion in both DZ and MZ pregnancies, DZ twins weighed significantly more (88). 

 

In some cases, the placentas in a DCDA pregnancy can be fused, both in MZ and DZ pregnancies. The 

fusion has not been shown to significantly affect the birth weight of the babies born in a DZ 

pregnancy, but has shown to have a more significant negative affect on the birthweight of MZ DC 

twins (88, 89). It has been speculated that one cause of such discrepancy between the placenta 

distribution in MZ DC twins is the vascular supply in the implantation site. It is thought that the 

placentas may fuse sooner due migration to  better vascular supply in one area (88) and this may 

explain the finding of more peripheral cord insertion when compared to DZ twin placentas that have 

fused. 
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1.5 Pregnancy complications 

 

Congenital anomalies in twins have shown to be higher than in singleton pregnancies. A study in 

Europe showed that congenital anomalies were 27% higher in multiple births than in singleton 

births. There was also a 70% rise in congenital anomalies in twin pregnancies over a period of 23 

years (90), this paired with the rise in twin pregnancies being attributed to DC pregnancies, displays 

that the congenital anomalies are not only associated with MC pregnancies. In discordant cases of 

congenital anomaly, termination of the affected fetus is less likely than in a singleton pregnancy due 

to the effect on the unaffected co-twin. This could account for the higher numbers of DC twin 

congenital anomalies seen, as many singleton congenital anomalies may have been terminated. 

 

Concordant anomalies have been shown to be higher in MZ twins than DZ twins, but only certain 

systems such as nervous, circulatory and cleft/lip/palate showed a significant difference (91). These 

such anomalies have shown previously to have strong genetic associations over environmental 

factors such as sharing a uterus.   

 

MZ twins are from a single zygote and therefore have an identical genome. This could suggest that 

all MZ twins would be concurrent for congenital anomalies. The most common congenital anomaly 

in MZ twins has been reported to be congenital heart defects with 44.4% being represented by this 

group in a 2019 study. There are several theories about the explanation of discordance of congenital 

abnormalities in a MZ twin pair. Such theories include abnormal mitosis after the splitting of the 

embryo, unequal correction of an initial aneuploid zygote, gene mutation, or difference in gene 

expression (92).  

Twin pregnancies as a whole are considered a high-risk pregnancy. Many pregnancies are delivered 

early to prevent the risk of intrauterine death or stillbirth. When compared to singleton pregnancies, 

the stillbirth risk is increased 5x in DC and 13x in MC pregnancies. The optimal gestation for a twin 

pregnancy, to both reduce the risk of stillbirth and the risk of neonatal complications, is unknown. 

The current guidance suggests 37-39 weeks in a DC and 34-37 weeks in a MC pregnancy. A 2016 

review signified that the risk between stillbirth and adverse neonatal outcomes is balanced up to 

37+0-6 in DC and 36+0-6 in MC pregnancies, at these points the stillbirth risk rises about the risk of 

neonatal death (clear evidence only shown in dichorionic pregnancies) (93).  

Preterm twin pregnancy has been shown to have worse infant morbidity and mortality in 

comparison to a singleton pregnancy at the same gestation. One study found that twins were 
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significantly more likely to have a severe (grade III/IV) intraventricular haemorrhage (IVH) than a 

singleton of the same gestation (94) , with the neonatal death in babies born at <29 weeks being 

higher in twins than singletons (95). Other neonatal complications include respiratory distress 

syndrome, retinopathy of prematurity, necrotising enterocolitis and oxygen requirement after birth.  

A 2021 study displayed that the frequency of adverse neonatal outcomes is similar in both 

spontaneous and iatrogenic preterm births (mix of singleton and multiple pregnancies), with the 

exception of necrotising enterocolitis being more frequent in the iatrogenic preterm infants (96). 

 

1.5 Preterm birth 

 

Preterm birth (PTB) is defined as birth before 37 weeks of gestation (97), with further classification 

into 34 to 36+6 weeks as late preterm birth and <34+0 weeks as early PTB (98). Early PTB can also be 

subdivided into extreme preterm (<28 weeks) and very preterm (28-32 weeks) (99). PTB can occur 

spontaneously or can be the result of iatrogenic interventions, either for the life of the fetus or the 

life of the mother. It is thought that 40-50% of PTBs are spontaneous, with 25-40% caused by the 

premature rupture of membranes, leaving 20-25% iatrogenic due to medically indicated reasons 

(97). The neonatal mortality and morbidity are at the highest risk in early PTB with the risk reducing 

as gestational age increases. It is thought about 40% of twin births occur in the late pre-term stage 

of 34-36+6 weeks (100) which has shown to have negative effects on respiratory morbidity (101) 

long term development outcome and cognitive skills (102) when compared to a baby born at term. 

Across the world, PTB is the most common cause of neonatal death, with only 10-50% of neonates 

born at a gestation of 24 weeks surviving the first 28 days of life (103). Babies born pre-term have a 

higher risk of health issues in both the short and long term. PTB as a whole is responsible for 70% of 

neonatal mortality and 75% of neonatal morbidity (104). 

 

For both singleton and multiple pregnancies, PTB is associated with increased risk of neonatal death 

and neonatal complications including neurodevelopment conditions such as cerebral palsy (105).  

The prevalence of cerebral palsy is reported to be around 14% in babies born 22-27 weeks, with it 

decreasing to <1% by 32-36 weeks gestational age (106). Other neurological deficits such as 

attention deficit hyperactivity disorder (ADHD), cognitive impairment, hearing impairment and visual 

impairment have all be reported to higher in children born at lower gestation age (107-110). Very 

pre-term children have been reported to have lower cognitive scores than their peers, with this 

deficit continuing into adulthood, achieving lower IQ scores (111). 
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PTB has also been shown to have effects later on in childhood with differences in development able 

to be seen in seemingly ‘unaffected healthy’ preterm children. One study reported pre-term children 

aged 6-9, that had no reportable health deficits, performed less well in certain visual-perceptual 

tasks in comparison to children born at term (112).  

 

Another study looked at disease burden in children aged 3 and 5 years according to their gestational 

age at birth. Children born at both <32 weeks and 32-33+6 weeks gestation were shown at both 

aged 3 and 5 to be more likely to be classified as underweight in comparison to a child born at full 

term gestation. This study consistently showed that an increasing gestational age decreased adverse 

outcomes including growth, longstanding illness and asthma (113). It has been reported that 86% of 

children with severe disabilities at 30 months of age, still have moderate to severe disability at 6 

years (114). 

 

Bronchopulmonary dysplasia (BPD) is a form of chronic lung disease associated with PTB and can 

lead to short and long-term morbidity and mortality. It is thought that 35-45% of babies born before 

28 weeks’ gestation develop BPD (115), with severe disease severity able to be predicted by oxygen 

dependence at 36 weeks of age (116). A 2014 study reported that pre-term children with a previous 

diagnosis of BPD had significantly lower lung function compared to children born pre-term without a 

previous diagnosis of BPD when tested at aged 9 (117). 

 

1.5.1 Family implications 

 

PTB has shown to have a psychological impact on the parents and other family members. Parents 

are separated from any babies admitted into the NICU and potentially have to witness distressing 

and life threating medical complication (118). Parents may also be separated due to other childcare 

commitments and other aspects of family life. Rate of anxiety and depression have reported to be 2-

5 times higher in the mothers of pre-term infants (119). Additionally, the mother suffering post-

traumatic stress symptoms has also shown to be increased in mothers of pre-term infants compared 

to term infants (34% Vs 4%) (120). A systematic review reported a post-partum depression (PPD) 

rate of up to 40% in mothers with pre-term infants, with the average incidence PPD rate being 10-

15% (121). Studies have also shown a similar trend with fathers of pre-term infants developing 

depression, although a less significant difference was reported when compared to mothers (122). 
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1.5.2 Cost 

 

An increase in morbidity rate in pre-term infants has increased demands on the health service, 

especially related to the economic and financial costs. Due to the long-term health effects of PTB, 

the financial costs increase well past childhood, but studies have shown that the hospital inpatient 

costs straight after birth are responsible for 64-92% of costs per pre-term infant (123), with a large 

amount of the remaining costs being attributed to the following 2 years following birth (124).  

Conditions such as BPD, found most commonly in pre-term infants, often cause at least one hospital 

admission in the first year of a baby’s life with some requiring admission to the intensive care unit 

(125). These conditions that cause long-term health issues add to the financial cost of a pre-term 

infant but also further into their childhood and beyond. A UK study estimated that a pre-term child 

cost £22,885 more if they survived to the age of 18 when compared with a child born at term, with 

an extremely pre-term child costing significantly more (123). Pre-term children have shown to have 

increased costs in varying services including inpatient care, outpatient care, education and social 

care (126). 

 

1.6 Cause of twin preterm birth  

The pathophysiology of spontaneous PTB in twins is largely unknown, it is thought to be due to 

various different factors and differs from singleton pregnancies. Different variables including cervical 

insufficiency, stress, uterine stretch and infection have all been suggested with these being 

increased in a twin pregnancy due to larger fetal mass and amniotic fluid volume (127). 

Risk factors for pre-term labour and birth are largely unknown in a twin gestation. Certain studies 

have suggested a previous PTB increases the risk of a spontaneous pre-term twin birth (128, 129). 

Other maternal factors that have shown to increase the chance of a PTB are maternal age less than 

20 years, obese BMI or a nulliparous mother. Early term births (34-36+6 weeks) have been shown to 

be increased in mothers who are non-white race, smokers or have diabetes in pregnancy (98), but 

this is inconsistent across reviews (130).  

1.6.1 Fetal fibronectin 

 

A 1996 study looked at predictors of PTB in twin pregnancies. It looked at various factors including 

cervical length at certain gestational weeks, fetal fibronectin levels every 2 weeks and presence of 

bacterial vaginosis, the outcomes were reported via spontaneous preterm birth at <32, <35 and <37 
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weeks gestation. Significant predictors of PTB found were a short cervix (<25mm) measured at 24 

weeks, a positive fetal fibronectin result measured at 28 weeks resulted in a <32-week PTB. This 

study concluded that most known risk factors for spontaneous preterm singleton birth were not 

significantly associated with twin PTB (131). A large systematic review showed a significant link 

between a positive fetal fibronectin (>50 ng/mL) and subsequent preterm twin birth. This was shown 

to be significant at a large range of gestations (<28-<37 weeks) (132). 

 

1.6.2 Previous preterm birth 

 

A large 2013 study concluded that having a previous preterm singleton pregnancy was a significant 

risk factor for a subsequent preterm twin pregnancy (133). This study excluded any pregnancies 

affected by twin-to-twin transfusion syndrome and for iatrogenic delivery reasons not found in both 

pregnancies. Although not specifically separating the pregnancies via chorionicity, this method 

would have excluded many MC pregnancies, leaving DC and uncomplicated MC. This study also 

separately defined preterm birth as <37 and also <34 weeks. A 2007 study found similar conclusions 

when looking at previous PTB, although this study defined the twin preterm birth as <37 weeks 

(128). 

 

1.6.3 Maternal age 

 

The effects of maternal age on preterm twin birth has been reported in various studies. A 2015 study 

looked at singleton and twin births and found mothers aged <30 years were at significant risk of PTB 

for both singleton and twin pregnancies, with it being more significant amongst twin pregnancies. 

This same study also reported that women >35 years were not at any increased risk of preterm twin 

birth. This study however only looked at twin births conceived via in vitro fertilization (134) and did 

not separate the twins by chorionicity. This study also reported preterm birth separately as <37, <32 

and <28 weeks gestation and no significant difference was found in these preterm rates amongst 

women 30-34, 35-39 and ≥40 years. Another study that again only looked at twins born after the use 

of ART also reported no significant incidence of twin PTB in older mothers (>40 years). This study 

only included nulliparous women, and made a distinction between chorionicity by only including 

DCDA twin pregnancies (135). 

 

1.6.4 Artificial reproductive techniques 
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A 2009 study looked into the effect of parity of gestation and found a significant difference in the 

prematurity rates between nulliparous and multiparous women with nulliparous women being at a 

higher risk of having a preterm twin birth. However, this study only enrolled women who had 

achieved a twin pregnancy after ART (136). A 2008 study found that twin pregnancy conceived via 

ART were less likely to be born very preterm when compared to spontaneously conceived twin 

pregnancies. This difference was only reported in nulliparous women and not seen in multiparous 

women (137). 

 

1.6.5 Twin sex 

 

A 2013 review looked at twin sex and the risk of PTB. When comparing same sex twins, male sex was 

found to be a significant risk factor for PTB in twins, including both early term birth and very early 

preterm birth. In this same study, maternal age, multiparity, BMI and ART did not show to be 

significant risk factors (138). This finding has been shown across multiple different studies with 

findings of male-male twin pairs having the highest PTB rate, female-female pairs lower and 

discordant sex twin pairs the lowest rate of PTB (139). This study included 148,234 twin pairs, 

however it did not separate these by chorionicity. A 2001 review separated further and looked at 

only DZ twin pairs, this found that the gestation of discordant sex twins and female twin pairs was 

similar but the gestation of male-male pairs was found to be significant shorter than the former two 

(140). 

 

1.6.6 Smoking  

 

Women who smoke during their twin pregnancy have found to have a shorter gestation than non-

smoking twin mothers. A 2001 study found that this persisted even when other factors such as 

maternal age, BMI, alcohol intake, marital status, education, occupation, previous preterm birth and 

ART were adjusted for (141). This study did not report on twin chorionicity and therefore didn’t 

adjust for this factor. 

 

 

1.7 Conclusion  
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Overall, the current literature shows some significant risk factors for PTB in twin pregnancy including 

previous preterm birth, nulliparous mother and obese BMI. However, the majority of this literature 

has reported preterm birth in twins as <37 weeks gestation, despite current guidelines 

recommending both MC and DC to be induced before or at this gestation. There is a need for risk 

factors for twin PTB to be reported for earlier gestation, such as <34 weeks. 

 

The current literature also highlights the lack of reviews and studies reporting their results by 

chorionicity, as a lot of current literature reports the MC and DC as one overall population, or only 

reports data on DC. It is known that MC twins are delivered earlier and have more adverse outcomes 

than DC twins, so it could be suggested that PTB risk factors could be more significant or different 

between the two chorionicitys. 
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Chapter 2: Incidence of pregnancy loss at <24-week gestation in a twin 

pregnancy  

 

2.1 Introduction 

 

The incidence of twin pregnancies has increased over the last couple of decades now accounting for 

approximately 2.09% of all live births(142). Twins have higher complication rates than their singleton 

counterparts with chorionicity playing a major role in the outcome of the pregnancy. Mortality and 

morbidity are greater in a twin pregnancy when compared to singleton pregnancies, with low birth 

weight, perinatal and infant deaths all showing an increased relative risk of at least 2.75 (142).  

 

Multiple pregnancy is also a major risk factor for stillbirth (143). A 2016 review suggested that due to 

the increased stillbirth risk in a twin pregnancy, uncomplicated monochorionic (MC) and dichorionic 

(DC) pregnancies should be delivered at 36 and 37 weeks’ gestation respectively (144, 145). This 

data alone shows a higher level of surveillance is needed in twin pregnancies, regardless of their 

chorionicity. 

 

MC twins have been shown to have higher rates of adverse outcomes that their DC counterparts. 

This is due to conditions such as selective fetal growth restriction (sFGR) twin-to-twin transfusion 

syndrome (TTTS), twin reversed arterial perfusion (TRAP) syndrome and rarely conjoined twins (146). 

A large amount of these MC conditions are due to vascular complications, each MC placenta has its 

own different vascular composition and therefore can have a variety of vascular complications(147). 

 

The aim of this study is to find and report any differences in maternal and pregnancy variables 

between MC and DC twins. It will also compare the risk of miscarriage rates before 24 weeks 

between MC and DC twin pregnancies, and to see if the risk of losing one fetus or both fetuses is 

different between the two chorionicitys. 

 

2.2 Methods 

 

This retrospective cohort study included all women who gave birth to twins between January 2010 

and November 2020. The electronic database (Meditech) was searched to identify every twin 

pregnancy who had their dating scan and delivered at Liverpool Women’s hospital (LWH) between 
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January 2010 and November 2020. Any women who consequently delivered twins at LWH who had 

not initially had their antenatal care at LWH were not included in this study. This included women 

who moved locations later in their pregnancy and women who delivered at LWH due to high risk 

pregnancies but initially had their pregnancy care in a different trust. These twin pregnancies were 

identified by two fetuses being reported on an ultrasound report and entered into the online dataset 

as a twin pregnancy. Any higher order multiple pregnancies were excluded from this study, including 

any pregnancies that became a two fetus pregnancy through fetal loss or selective reduction. 

 

Baseline maternal characteristic data including BMI, age, race and smoking status were collected 

from the booking history using Meditech online records. This also included collecting information on 

any artificial reproductive techniques used to achieve the current twin pregnancy. Obstetric history 

was also collected from Meditech’s previous delivery summaries, this included previous mode of 

delivery on the immediate previous pregnancy and additional data on any previous birth before 37 

weeks gestation. 

 

Data on the twin pregnancy was collected from the delivery summary. This included indication for 

delivery, gestation at delivery, birth weight of each twin and live or still birth status of each fetus. 

The chorionicity of each pregnancy was identified from specialist fetal medicine software 

(Viewpoint) where it was reported as DCDA, MCDA or MCMA. Chorionicity is determined at 10-13+6 

weeks on ultrasound by the presence of lambda or T signs. If chorionicity cannot be determined then 

discordance sex of the twins can be used or number of placental masses found on ultrasound. If the 

chorionicity cannot be determined by these methods, then the pregnancy is treated as 

monochorionic. 

 

Gestation of the pregnancy was determined between 10-13+6 weeks on the mother’s first 

ultrasound. Crown rump length was measured and the measurement of the larger twin was taken. If 

this measurement was found to be >84mm, then head circumference was used instead to determine 

gestational weeks (148). The larger twin’s measurement is used to prevent any early onset growth 

pathology in the smaller twin affecting the gestational week determination. This data was collected  

from the delivery summary on Meditech. 

 

Miscarriage data was identified from a delivery summary reporting any twin born without signs of 

life or stillbirth of one or both fetus. Viewpoint was then searched to find the gestation of 

miscarriage, either through reporting miscarriage of whole pregnancy or in ability to find one twin 
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heartbeat on examination. Any unclear data was then further reviewed using scanned notes to 

identify the gestational age of the fetal loss. The data were then reported by chorionicity and one or 

both fetus lost before 24 weeks gestation. 

 

Data was coded and analysed using the statistical software package SPSS. Categorical variables were 

reported by their frequencies and proportions, with the chi-squared test used to compare MC and 

DC pregnancies, and assess statistical significance. Continuous variables were reported by their 

means plus standard deviations and the independent t-test was used to find their statistical 

significance. A p value of 0.05 was used to report statistical significance. The data were further 

analysed to determine the risk of miscarriage in a twin pregnancy and the relative risk between 

chronicity’s. This analysis was further split into loss of one or both fetus. 

 

2.3 Results 

2.3.1 Twin Cohort 

 

1584 women with twin pregnancies, booked and delivered at LWH, were identified between January 

2010 and November 2020 that fulfilled the inclusion criteria (25 higher order multiple pregnancies 

were excluded from this). Of these 1193 (75.3%) were DCDA, 374 (23.6%) were MCDA and 17 (1.1%) 

were MCMA. For the purpose of this study, all MCMA pregnancies  were excluded due to the small 

sample size, meaning that it would be unlikely that reliable conclusions could be drawn from this 

cohort, and specific MCMA complications, such as cord entanglement, which can lead to a high rate 

of fetal loss. 

This left a total of 1567 pregnancies that were analysed in this study. 

 

 

 

 

 

 

 

 

 

 

 

1609 multiple 
pregnancies 

374 MCDA 
pregnancies 

1193 DCDA 
pregnancies 

Exclusions: 
17 MCMA   

1584 twin  
pregnancies 

Exclusions: 
25 high order multiples 



31 
 

Maternal factors such as age, BMI at booking, ethnicity and parity were all assessed and grouped 

according to the chorionicity of the pregnancy. These characteristics are shown in table 2. 

 

Maternal factors DCDA 

(n=1193) 

MCDA (n=374) P-value 

Maternal age at booking (median, IQR)  32 (28,36) 30 (26,34) <0.001 

Ethnicity (n, %) 

White (British, Irish, other)  1040 (87.2) 342 (91.2) 0.037 

Black (African, other) 43 (3.6) 4 (1.1) 0.012 

Asian  32 (2.7) 10 (2.7) 0.993 

Chinese 8 (0.7) 5 (1.3) 0.215 

Mixed 21 (1.8) 8 (2.1) 0.635 

Other  34 (2.9) 4 (1.1) 0.051 

Onset of labour (n, %) 

Spontaneous 297 (24.9) 89 (23.7) 0.667 

Induced 363 (30.4) 106 (28.3) 0.447 

Non-labouring C-section 533 (44.7) 178 (47.6) 0.323 

BMI (kg/m2) (Median, IQR)) 25.3 (22.4, 

29.7) 

25.1 (22.3,28.9) 0.309 

Previous mode of delivery (n, %)™ 

None 533 (44.7) 194 (51.6) 0.014 

Vaginal 526 (44.1) 151 (40.4) 0.196 

C-section 129 (10.8) 29 (7.8) 0.086 

Smoker status (n, %) 

Smoker 84 (7.1) 22 (5.9) 0.436 

Non-smoker 464 (38.9) 169 (45.2) 0.03 

Missing data 645 (54) 183 (48.9)  

Assisted reproduction (n, %) 

In vitro fertilisation 256 (21.5) 33 (8.8) <0.001 

Intracytoplasmic sperm injection 36(3.0) 7 (1.9) 0.237 

Clomiphene 32 (2.7) 4 (1.1)  0.069 
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Artificial insemination 10 (0.8) 2 (0.5) 0.557 

Intrauterine insemination 7 (0.6) 6 (1.6) 0.058 

Gamete intrafallopian transfer 1 (0.1) 0 0.575 

Human chorionic gonadotropin  1 (0.1) 0 0.575 

None 494 (41.4) 203 (54.3) <0.001 

Missing data 356 (29.8) 119 (31.8)  

Parity (n, %) 

0 533 (44.8) 195 (52.1) 0.012 

1+ 660 (55.2) 179 (47.9) 0.012 

Gestation at birth (weeks) (median, 

IQR) 

37 (35, 37) 35 (32, 36) <0.001 

Birthweight (grams) (median, IQR) 

Twin 1 2480 (2110, 

2790) 

2160 (1640, 2460) <0.001 

Twin 2 2435 (2045, 

2725) 

2092.5 (1540, 

2406.3) 

<0.001 

Average of twin set 2455 (2070, 

2755) 

2130 (1590, 2445) <0.001 

Birth weight discordance (median %, 

IQR) 

9.9 (4.2,17.5) 10.6 (4.58, 19.73) 0.01 

Birth weight centile (median, IQR) 25 (25, 25) 5 (5, 5) <0.001 

Neonatal death of fetus (n, %) 41 (1.7) 18 (2.4) 0.209 

Fetal loss <24 weeks (n, %) per 

pregnancy 

 

Both fetus alive at 24 weeks 1167 (98) 357 (94.9) 0.002 

Loss of one fetus <24 weeks* 15 (1.3) 13 (3.5) 0.005 

Loss of both fetus <24 weeks* 9 (0.8) 6 (1.6) 0.141 

Spontaneous fetal loss (of at least 1 

fetus) <24 weeks 

23 (1.93) 18 (4.81) 0.002 

Iatrogenic fetal loss <24 weeks** 1 (0.08) 1 (0.27) 0.386 

Number of stillbirths (n, %) 28 (1.2) 22 (2.9) <0.001 

Babies admitted to neonatal unit (n, %) 887 (37.2) 425 (56.5) <0.001 

*Intrauterine demise or miscarriage, **Pregnancy had undergone CVS/amniocentesis, ™missing data from 5 DCDA patients  

Table 2 - Maternal, pregnancy and fetal variables separated by chorionicity 
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Over half of all mothers in both DC and MC pregnancies had a parity of 0 (44.8% and 52.1%) at 

booking (the twin pregnancy was their first pregnancy to pass 24 gestational weeks). There was a 

visible difference between the reported frequencies and this was shown to be statistically significant 

(p value=0.012).  

 

The age of the mothers in the overall data ranged from 16 to 54 years. Median maternal age for MC 

and DC pregnancy was 30 and 32 years respectively. This difference was shown to be statistically 

significant with a P-value of <0.001. 

 

BMI of the mothers at their booking appointment ranged from underweight at 16.7 kg/m2 to 53.6 

kg/m2, with no significant difference in median value of 25.1 and 25.3 for MC and DC mothers (p-

value 0.309). 52.4% of DC mothers were found to have an overweight or obese BMI of over 25 

kg/m2 compared to 50% of MC mothers. 

 

The ethnicity of the mothers was split into 6 different groups, with black mothers showing to make 

up a higher percentage of the cohort in DC compared to MC (3.6% vs 1.1%, black vs non-black p 

value 0.012). A statistical difference was also found with 91.2% MC and 87.2% DC of the pregnancies 

being born to white mothers (white vs non-white p value 0.037). 

 

Spontaneous conception accounted for 54.3% of MC and 41.4% of DC pregnancies (p value <0.001). 

The most frequent artificial reproductive technique was In vitro fertilisation (IVF) which accounted 

for 21.5% of DC pregnancies contrasting only 8.8% of MC pregnancies. The difference in the use of 

IVF between the two chorionicities was found to be significant (p-value <0.001).  

 

Gestation median was 35 weeks for MC and 37 weeks for DC pregnancies. The gestational weeks 

between the two chorionicitys were significantly different (p-value <0.001). The highest frequency 

for MC pregnancies were between 32-36+6 gestational weeks with 68% of all MC pregnancies being 

between these weeks. For DC pregnancies this was 37+ weeks with 52.2% of pregnancies in these 

weeks. 

 

This cohort showed that spontaneous labour occurs in 24.9% of all DCDA pregnancies (297/1193) 

and 23.7% of all MCDA pregnancies (89/374). There was a similar percentage of induction (30.4% Vs 

28.3%) and non-labouring c-section (44.7% Vs 47.6%) across both DC and MC pregnancies.  
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Median birth weight of twin 1 and twin 2 in a MC pregnancy was similar 2160g and 2092.5g. Median 

birth weight for twin 1 and twin 2 in a DC pregnancy was 2480g and 2435g. Birth weight discordance 

between MC and DC twins was also found to be significant (P value 0.01). 

 

The data were separately split into smaller and larger twins for each chorionicities, and the 

distribution is shown in graph 4 and 5. In the MC cohort there was an over two-fold increase of still 

births compared to DC pregnancies (2.95% Vs 1.18%)(P value <0.001). 
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Figure 4 - BMI distribution of cohort split via chorionicity 

Figure 6 - Gestational age distribution of cohort split via chorionicity 
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Figure 7 – Distribution of large twin birth weight for MC and DC fetuses 
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2.3.2 Fetal loss before 24 weeks gestation 

 

Of the 1567 pregnancies identified, 43 of these were found to have a loss of one or both fetuses 

before 24 weeks, split into 24 DC and 19 MC pregnancies. Of these, a loss of one fetus occurred in 15 

(1.3%) DC pregnancies and 13 (3.5%) MC pregnancies, with loss of both twins in 9 (0.8%) DCDA and 6 

(1.6%) MCDA pregnancies.  

 

 

 Total 
pregnancies 
with at least 1 
fetal loss <24 
weeks (n, %) 

Risk of 
pregnancy 
having a fetal 
loss (per 100) 

Relative risk 95% 
confidence 
interval 

MC -1 loss 13 (3.5) 3.46 2.76 1.33,5.96 

DC – 1 loss 15 (1.3) 1.26 

MC – 2 loss 6 (1.6) 1.6 2.13 0.76,5.94 

DC – 2 loss 9 (0.8) 0.76 

Table 3 - The relative risk per pregnancy of losing one or both fetuses before 24 weeks in a MC 

pregnancy compared to a DC pregnancy. 

 

 Total fetal 
losses <24 
weeks (n, %) 

Fetuses alive 
at 24 weeks 

Risk of fetal 
loss (per 100) 

Relative risk 95% 
confidence 
interval 

MC 25 (3.34) 723 3.34 2.42 1.45. 4.04 

DC 33 (1.38) 2353 1.38 

Table 4 - The relative risk of losing a fetus before 24 weeks in a MC pregnancy compared to a DC 

pregnancy. 
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Fetal loss 

<24 weeks 

 DCDA (n=24) MCDA (n=19) P-value 

Mean Age at booking (years)  32.67 (SD-7.637) 29.05 (SD-6.041) 0.099 

Ethnicity (n, %)   0.164 

 White (British, Irish, 

other)  

17 (70.8) 17 (89.5)  

 Black (African, other) 3 (12.5) 0  

 Asian  1 (4.2) 1 (5.3)  

 Chinese 0 0  

 Mixed 0 1 (5.3)  

 Other  3 (12.5) 0  

Onset of labour (n, %)   0.929 

 Spontaneous 15 (62.5) 11 (57.9)  

 Induced 4 (16.7) 4 (21.1)  

 Non-labouring C-section 5 (20.8) 4 (21.1)  

BMI (kg/m2) (average) 28.791 (SD-

6.0946) 

25.829 (SD-

4.0989) 

0.093 

Previous MOD (n, %)   0.633 

 None 12 (50.0) 12 (63.2)  

 Vaginal 8 (33.3) 6 (31.6)  

 C-section 3 (12.5) 1 (5.3)  

Smoker status (n, %)   0.949 

 Smoker 1 (4.2) 1 (5.3)  

 Non-smoker 11 (45.8) 10 (52.6)  

Assisted reproduction (n, %)   0.903 

 IVF 8 (33.3) 3 (15.8)  

 CLOM 2 (8.3) 1 (5.3)  

 None 9 (37.5) 5 (26.3)  

Parity (n, %)   0.625 

 0 14 (58.3) 12 (63.2)  

 1+ 10 (41.7) 7 (36.8)  

Table 5 -  Pregnancies that lost at least one fetus <24 weeks gestation, split by chorionicity  
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Of these losses, 2 pregnancies were known to have undergone an invasive procedure, one loss 

occurred after amniocentesis (an MC pregnancy) and one after CVS (a DC pregnancy). Both 

pregnancies lost one fetus before 24 weeks and both lost the other fetus after 24 weeks gestation. 

The loss of the second fetus in the affected MC pregnancy occurred due to neonatal death at 27 

weeks gestation and the affected DC pregnancy underwent a therapeutic termination at 30+3 weeks 

due to ventriculomegaly and small for gestational age (SGA). 7/19 (36.8%) of the MC pregnancies 

that had a loss of a least one fetus before 24 weeks had a diagnosis of TTTS.  

 

Of the pregnancies that had 1 fetal loss before 24 weeks, 3/13 (23.1%) MC and 4/11 (26.7%) DC 

went on the lose the remaining twin after 24 weeks gestation, mostly through neonatal death due to 

preterm labour but with one therapeutic termination in a MC pregnancy. 

 

2.4 Discussion 

 

This study displayed that there are some significant differences in the maternal and pregnancy 

variables between MC and DC pregnancies. 

 

This study reported that almost a quarter of the twin pregnancies were MC and with the remaining 

three quarters being DC. This was an expected result as DC twin pregnancies are more common due 

to all DZ fetuses being DC and 33% of MZ fetuses being DC (33). This leaves a smaller percentage 

being MC. This is comparable to other larger twin studies with a cohort of 20.1-28% MC and 72-

79.9% DC pregnancies (47, 149). In contrast, a 2011 Swedish study found a lower MC twinning rate 

of 13.8% (150). However, this study suggested the difference in this number may be due to different 

rates of artificial reproductive techniques resulting in more DC pregnancies. This current study was a 

large retrospective cohort study of 1567 pregnancies which could suggest the distribution of 

chorionicity is similar to that seen in the general population.  

 

There were a large range of ART techniques in this cohort but only IVF was found to have a 

significant difference between the MC and DC twins (8.8% vs 21.5% p value <0.001). A known 

complication of IVF is a twin pregnancy, with DC twins being more common due to these twins 

resulting from either two embryos or one embryo splitting after fertilisation. The NICE guidance 

states that no more than two embryos should be transferred during one IVF cycle (151), however 

this can still pose the risk of a DC pregnancy if both embryos develop successfully. Spontaneous 

fertilisation was also found in this cohort to be significantly different between the two groups (p 
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value <0.001), however there was a large amount of data missing from this variable (approximately 

30% for both chorionicities), through it not being reported on the women’s pregnancy history. 

Despite this, the percentage of missing data for each chorionicity was similar, resulting in this 

unlikely to have affected the results.  

 

A statistical difference was found between the chorionicity of pregnancies in black vs non-black 

women, with a higher percentage seen in DC pregnancies (1.1% MC vs 3.6 DC);(p value 0.012). In 

previous literature, black women have been reported to have higher rates of DC twin births than in 

non-back women, with the most recent data from the USA reporting a twin birth rate of 42.0 per 

1,000 births in black women compared to 35.4 and 25.1 in white and Hispanic women (152). 

 

Median maternal age showed a significant difference between the two pregnancy cohorts (p value 

<0.001). This result was expected as a DC pregnancy is more frequently seen in women of an 

increased age compared to an MC pregnancy. Previous studies showed similar results with mean 

maternal age being significantly (p<0.05) lower in MC pregnancies compared to DC pregnancies (2, 

47). This is most likely due to a higher percentage of DC pregnancies being born through IVF, where 

there is a longer time frame of trying to spontaneously conceive and then going through the IVF 

process.  

 

This study also found that MC twins had both a significantly lower gestational age at delivery and 

median birth weight than DC twins. However, the median birth weight was not adjusted for by 

gestation so further analysis would be needed to see if this weight discrepancy persists after 

adjusting for gestational weeks. Despite this, median birth weight centile was shown to be 

significantly different between the two chorionicities, suggesting that the significant result seen for 

median birth weight would still be significant after adjustment for gestational age. Birth weight 

discordance was also shown to be significantly different between MC and DC pregnancies. This can 

likely be explained by cases of TTTS in the MC pregnancies resulting in a higher birth weight 

discordance between the twin pair. 

 

Similar findings were found in a 2013 study on twins (2) with the mean birth weight found to differ 

by 285g between chorionicities (p value <0.01). MC pregnancies have found to be overall, higher risk 

pregnancies than DC pregnancies with complications such as TTTS, sFGR and fetal and neonatal 

deaths all found to be increased. This could lead to higher levels of obstetric intervention; despite 

this, similar rates of induction and non-labouring C-section were seen in this cohort study across MC 
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and DC twins. However, this birth intervention could be at an earlier gestation dependant on the 

complication of the pregnancy. 

 

In this cohort, 47 MC (12.5%) pregnancies were found to have a diagnosis of TTTS at some point 

during the pregnancy. Other studies have found a rate varying from 5-15% (153), meaning the 

findings of this cohort study are in the range of previous literature values.  

 

The stillbirth data from this cohort showed a significant (p<0.001) difference between MC and DC 

pregnancies with the stillbirth rate in the MC group being over double the rate of the DC group (2.9% 

Vs 1.2%). Previous data has shown that MC twins have the highest rate of stillbirths and fetal loss 

supporting this study’s findings (154-157). 10 of the stillbirths in this cohort were in pregnancies that 

had been diagnosed with TTTS, if these pregnancies were excluded, this results in a 1.6% (12/738) 

stillbirth rate in the MC twins, a figure still increased but much closer to the stillbirth rate seen in the 

DC twins. This suggests that the vascular complications seen in MC twins play a large part in the 

higher rate of stillbirths, although a MC chorionicity still seems to be at higher risk of stillbirth even 

without the added complication of TTTS. This finding has also been observed in other studies 

showing that MC twins have higher rates of inter-utero complications despite excluding unique 

complications of a MC placenta (156, 158). 

 

Overall, this study has demonstrated that a MC pregnancy has a higher risk of losing at least one 

fetus before 24 weeks than a DC pregnancy, 25/748 (3.34%) vs 33/2386 (1.38%) fetuses lost with a 

relative risk of 2.42 (CI 1.45, 4.04).  

 

The data also show that women with MC pregnancies are at higher risk of miscarrying one fetus 

(relative risk 2.76 CI 1.33,5.96) and both fetuses (relative risk 2.13 CI 0.76,5.94) when compared to a 

DC pregnancy although this difference was only statically significant for loss of one twin <24 weeks 

(p value 0.005). This was an expected result and is in line with previous studies on miscarriage rate in 

twins (159, 160). MC pregnancies are higher risk due to complications such as TTTS, and studies have 

shown a 25% risk of subsequent death in the remaining co-twin if one twin has died. This same study 

did not find any similar link in DC pregnancies (161).  

 

One study found that the median gestational age for the death of one twin is comparable in MC and 

DC pregnancies but the median gestational age for the co-twin was lower in a MC pregnancy 

(p<0.002)(162). Other studies have reported a difference in the co-twin survival rate with it being 
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markedly increased in DC (71%) compared to MC (32%) (163). This result suggests that the survival 

of each twin is more closely linked in a MC pregnancy compared to a DC pregnancy, largely due to 

the nature of the cause of fetal demise with vascular connections within the placenta predominate 

in MC pregnancies. This retrospective cohort study only collected data on death before 24 weeks 

and not specific gestation so is unable to report such findings. In this study, the rate of loss in the co-

twin after 24 weeks was found to be similar (26.7% DC and 23.1% MC), with all but one loss due to 

neonatal death by complications of prematurity. The remaining twin was lost due to a post 24 weeks 

therapeutic termination. 

 

Spontaneous miscarriage rates in this cohort study were 1.93% for DC and 4.81% in MC pregnancies. 

Previous studies have shown spontaneous miscarriage rate to be similar for DC but slightly higher 

than this study’s findings for MC with 9.5% MC and 1.4% DC (47). The difference in the MC 

miscarriage rate could be explained as this study examined twin cases delivering in 2010-2020, 

reflecting modern surveillance and protocol driven management. MC pregnancies can be 

complicated by vascular events and this data could be influenced by modern interventions and 

technologies that have led to identification and treatment of these complications, leading to a lower 

rate of spontaneous miscarriage. Definitive treatment of TTTS, seen in MC twins, is a fetoscopic laser 

photocoagulation, which effectively creates two separate chorions, each supplying their own twin 

(164). 

 

In 2003, a study looking at IVF/ICSI conceived twins pregnancies reported a total risk of spontaneous 

fetal loss of 11.1% (P value <0.01)(165). In this retrospective cohort study, it was found that 33.3% of 

the DC pregnancies that lost at least 1 fetus before 24 weeks were conceived via IVF. It was also 

found that 15.8% of MC pregnancies that had a loss of one or both fetus were conceived via IVF 

(background 8.8%). Whilst these are higher frequencies in the miscarriage group as opposed to the 

overall cohort, the cohort size of miscarriage rate was small at 43 pregnancies and this could be the 

result of a type 1 error. For this result to be significant, further studies would have to be done 

specifically into IVF and twin miscarriage rates. 

 

Other studies have found total fetal losses before 24 weeks to be 8.2-14.2%% for MC and 2.6% for 

DC (P<0.01)(150) with an OR=6.1(47). This is in line with this study’s finding of MC twins at a higher 

risk of miscarrying compared to DC twins 3.32% versus 1.39% (OR 2.45), but this cohort study shows 

a lower rate than other reported risk levels.  
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An analysis of the Southwest Thames Obstetric Research Collaborative multiple pregnancy cohort 

found a significantly higher risk of fetal loss in MC twins (60.3 per 1000 foetuses) than in DC twins 

(6.6 per 1000 foetuses) with a relative risk of 9.18 (95% cl, 6.0-13.9) (166) This retrospective cohort 

study has found a higher miscarriage rate in MC pregnancies compared to DC pregnancies with a 

relative risk of 2.37 (95% CI- 1.44-4.01). Although the relative risk between the two data sets is quite 

different, both studies show an increased miscarriage risk in MC twins compared to DC twins. As 

previously mentioned, this data set is from the previous 11 years (2010-2020), with the STORK 

cohort being a 10-year study from 2000. The reduction in relative risk between the two studies could 

be explained by advances in technology and treatment of MC pregnancy complications. 

 

No significant differences were found in the variables between MC and DC twins that had lost one or 

two fetuses before 24 weeks (Table 5) despite significant differences found between the 

chorionicities in the total population (Table 2). This finding can most likely be explained through the 

small sample size in this group leading to many of the comparisons being underpowered. Due to 

this, no conclusions can be drawn from table 5. 

 

2.5 Strength and limitations 

 

A strength of this study is that this is a large cohort of both DC and MC twins. Aside from smoking 

status and artificial reproductive techniques, only a small amount of data was missing for each 

variable. These women had their care in the same hospital and were monitored in the same way. 

These women will have had consistent management and observation throughout pregnancy. It also 

means that gestation and chorionicity were determined using the same methods so should be 

consistent across the whole cohort. 

 

A limitation of this study was that no maternal health data was collected. Maternal health may have 

played a part in the miscarriage rate and gestation of pregnancies, and this could make this dataset 

more robust at predicting the real risk of miscarriage in a twin pregnancy. Another limitation is that 

that zygosity of the pregnancies wasn’t determined although in reality this is very difficult to do and 

not routine practice. However other twin studies have shown that it is chorionicity rather than 

zygosity that is linked to fetal outcomes and pregnancy outcomes (167) and therefore out cohort 

reflects clinical management. 
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2.6 Conclusion  

 

This study has demonstrated that MC twin pregnancies have an increased risk of fetal loss before 24 

weeks when compared to a DC twin pregnancy. However, the relative risk and percentage frequency 

of fetal loss before 24 weeks is reported as lower than seen in other twin cohort studies. This could 

be explained by this cohort being from a more recent time period, the last 11 years (2010-2020), in 

comparison to previous older studies with data from the early 2000s. This study also found a higher 

frequency percentage of IVF conceived pregnancies affected by <24-week fetal loss than seen in the 

overall cohort suggesting these pregnancies maybe at higher overall risk of early fetal loss. Further 

work would be required to examine this signal. 
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Chapter 3 : Predictors of a preterm birth in a twin pregnancy  

 

3.1 Introduction 

 

Preterm birth (PTB) is defined by the world health organisation (WHO) as a birth before 37 

completed weeks gestation (103, 145), or prior to 259 days from the first day of the pregnant 

woman’s last menstrual period before the pregnancy (168). Rates of PTB within the UK are reported 

at 7.3% of live births (145). However this varies by location and with number of fetuses carried, rates 

in low risk singleton pregnancies range from 3.6-14.7% of live PTBs (169). It has been found that 

nearly 85% of PTB occur in the late pre-term stage (34-36+6 weeks), and globally, in 2014, 80% of 

these were born in Asia and sub-Saharan Africa (170). 

 

PTB is the most significant cause of morbidity and mortality amongst neonates. It is estimated that a 

neonate born at 24 weeks has a 44% risk of mortality and 71.4% have a major neonatal morbidity 

(171). At 25 weeks, 45% of the survivors go on to have moderate to severe handicaps throughout 

child and adulthood (5). PTB, and its associated complications, has found to be the leading cause of 

death in children <5 years old (172).  Common neonatal complications include respiratory distress 

syndrome, sepsis, necrotising enterocolitis and intraventricular haemorrhage, all of which inversely 

correlate to the gestational age at delivery and contribute to short and long term complications. 

It can be useful to divide PTB into spontaneous or iatrogenic categories,  although both can result 

from the same complication (such as maternal ill health). Approximately, 3/4 of PTB’s are 

spontaneous, with the remaining 1/4 due to healthcare intervention (145).  

 

Twin pregnancies are classed as high risk and are associated with an increase in maternal morbidity; 

including hypertensive disorders, anaemia, gestational diabetes and venous thromboembolism, and 

increased maternal mortality (173). A study in 2012 found that 34% of monochorionic (MC) 

pregnancies are classed as complicated by the time they reach 34 weeks gestation, with 29% of 

dichorionic (DC) pregnancies being classed as complicated by the time they reach 36 weeks (174).  

Twin pregnancies have higher levels of PTB contributing 15-20% of all preterm births despite only 

making up 2-3% of all births (4). A meta-analysis found a rate of twin births before 32, 34, and 37 

weeks to be 7%, 13% and 41% (175).  
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Given the higher risks of preterm birth in the twin population, the prediction and prevention of such 

births is a clear objective to investigate and achieve. It is also important to separate outcomes 

according to chorionicity to see if they need to be treated as two separate populations or as one. 

 

3.1.1 Routine Management of twin pregnancy  

 

At LWH, twin pregnancies are cared for within the multiple pregnancy clinic (MPC). Once the twin 

pregnancy is discovered at the first trimester dating scan, the women should be referred to the 

multiple pregnancy clinic at this point and be seen within 3 weeks at 16 weeks gestation. 

 

The dating scan is important as it is at this point that chorionicity, amnionicity and viability can be 

best determined; chorionicity should be determined <14 weeks (66). If either chorionicity or 

amnionicity cannot be determined during the dating scan, the woman should be referred to the MPC 

to have a consultant scan within 2 weeks. Until chorionicity can be determined, the pregnancy 

should be treated as MC due to the increased risk of complications and the need to optimise 

antenatal management. If transabdominal ultrasound has not been successful in determining 

chorionicity (common causes are high BMI or retroverted uterus) then transvaginal assessment is 

suggested. 

 

During the dating scan, nomenclature should be given to the babies, this is the position of the babies 

such as upper and lower or left and right. This should be clearly documented in the mothers notes to 

ensure the twins can be identified in each subsequent scan. 

 

If MC twins are identified and a fetal heartbeat cannot be found in one fetus, the pregnancy should 

be referred to fetal medicine to ensure that twin reversed arterial perfusion (TRAP) can be excluded. 

At the dating scan, women should also be offered screening for trisomy 21, 18 and 13 (Downs 

syndrome, Edwards syndrome and Patau syndrome). In twins this involves the combined nuchal 

translucency test (nuchal measurement and first trimester serum screening test). This should be 

ideally be performed between 11-12+6 gestational weeks, with the latest gestation being 14+1 

weeks or crown rump length of 84mm (176). If the pregnancy is past this gestation, the women 

should be offered second trimester quadruple screening for Down syndrome, which can be done up 

to 20+0 weeks(176). In an MC pregnancy, the chance of trisomy 21 is lower than a singleton (due to 

high fetal loss), but T21 rates are higher in a DC pregnancy when compared to a singleton pregnancy 

(detection rates 80% compared to 40-50%) (176). The mother should be informed of the different 
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detection rates in her specific pregnancy, and in a DC pregnancy, informed that the test is not fetal 

specific (may be unable to tell if just one baby is affected or both). 

 

The frequency and type of scan offered to twin mothers are dependent on chorionicity. 

 

3.1.2 DC twins 

 

DC twins should have growth scans at 24, 28, 32 and 36 weeks’ gestation in line with national 

institute for health and care excellence (NICE). Each scan should report on both twins estimated fetal 

weight with concerns about fetal growth, liquor volume or the wellbeing of one or both twins during 

the scans, necessitating referral to the MPC. Additional midwifery appointments without scans 

should be offered at 16 and 34 weeks’ gestation. 

 

3.1.3 MC twins 

 

MC twins should be scanned every fortnight from 16 weeks gestation until delivery by a consultant 

or under the supervision of a consultant in the MPC. Each scan should report on the estimated fetal 

weight of each twin, biometry (head circumference, abdominal circumference and femur length), 

liquor volume, fetal dopplers including umbilical artery, middle cerebral artery and ductus venosus 

and bladder size. If there is any discrepancy in fetal size, liquor volume or dopplers the scan findings 

should be reviewed by the MPC lead under suspicion of twin-to-twin transfusion syndrome (TTTS), 

selective fetal growth restriction (sFGR) or twin anaemia polycythaemia sequence (TAPS). The 

frequency of monitoring should be increased to at least weekly if there are any concerns about 

discordant amniotic fluid levels. 

 

If a pregnancy is found to be monochorionic monoamniotic (MCMA), they should have additional 

scans and monitoring. These include scans every fortnight from 16 weeks gestation until delivery. 

Each scan should report on liquor volume, size or fetal bladders, estimated fetal weight and 

assessment of the umbilical artery, middle cerebral artery and ductus venosus of each twin with a 

colour flow doppler. If there is any suspicion or evidence of cord entanglement, weekly scans should 

be considered (66, 177). Cord entanglement is a frequent finding in MCMA twin pregnancies but the 

commonest cause of fetal loss is fetal abnormalities with studies reporting rates of congenital 

abnormalities (in at least one twin) as high as 27% (178, 179). 
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Other care offered during the pregnancy is a full blood count at 20-24 weeks gestation due to the 

higher risk of maternal anaemia, and appropriate supplementation should be offered at this point if 

needed (haemoglobin <10.6 g/dl). It is not recommended for a twin pregnancy mother to have an 

assessment of the cervix unless clinically indicated, in contrast to higher order multiple pregnancies, 

(66, 177). This recommendation was due to inconsistencies between the studies, but also a lack of 

an effective intervention for preterm birth (66). However, LWH routinely screens women at 16 

weeks with a cervical length scan. The ISUOG guidance states that cervical length can be measured 

in the second trimester and a cut off of 25mm is normally used as a screening risk factor for preterm 

birth (180) 

 

3.1.4 Birth care 

 

The birth plan including timing and method of delivery should be discussed at 28 weeks’ gestation or 

earlier. The risks and benefits of the different modes of delivery should be discussed with the 

mother. Analgesia during labour, intrapartum fetal monitoring and management of the third stage of 

labour should be discussed.  

 

At LWH, induction of birth is offered to mothers from 37 weeks in DC and from 36 weeks in MC 

pregnancies as per NICE guidance (66). The method of delivery depends on the presentation of the 

leading twin. 

 

In an uncomplicated MCDA or DCDA pregnancy with a cephalic (head down) leading twin, the 

mother is offered to an induction of labour and or caesarean section. Both these modes of labour 

can be offered as long as the pregnancy is uncomplicated, past 32 weeks, no obstetric 

contraindication to labour and there is no significant size discordance between the twins (66). 

If the mother does not want to be induced at 37 weeks, she should be informed of the risks of 

continuing a twin pregnancy past this stage, and reviewed by the MPC if she reaches 39 weeks’ 

gestation. 

 

In any complicated pregnancy such as a MC twin pregnancy with a diagnosis of TTTS, TAPS or death 

of one twin, birth timing and mode of delivery should be determined on an individual case by case 

basis by the MPC medical team. The risk of a caesarean section and the potential impact of perinatal 

mortality and neonatal morbidity should be weighed up.  
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A MCMA pregnancy should be delivered by caesarean section between 32+0 and 33+6 weeks or 

after any complication is diagnosed requiring earlier delivery (66, 177). The earlier delivery is due the 

risk of cord entanglement seen in MCMA due to the lack of a separating membrane between the 

fetuses. 

 

3.2 Method 

 

3.2.1 Data collection 

 

Data was collected from the LWH Meditech online software where all booking and delivery data is 

stored. Chorionicity was initially determined from discordance sex twins (clearly recorded as male 

and female) and classified as DC twins. Viewpoint was then searched to determine chorionicity of 

male-male and female-female twin pairs, which was determined from the dating scan. Chorionicity 

was occasionally reported on the birth summary, this was used to cross reference the information 

found on viewpoint. 

 

Any higher order multiple pregnancies (triplets or above) were excluded, including any pregnancy 

that had been reduced to a twin pregnancy through fetal loss or selective reduction/fetocide. This is 

due to the increased risk in a higher order multiple pregnancy and the risk on the remaining live 

fetuses after fetal death or selective reduction. 

 

Data was not collected on any twin pregnancy that had their initial antenatal care at another trust 

and then subsequently delivered at LWH. This is due to LWH being a tertiary centre receiving a large 

amount of complicated pregnancy referrals. By including these referred pregnancies, this may have 

inflated the PTB rate seen at LWH and therefore increased the PTB rate seen in this study. 

Gestation of the twin pregnancy was determined from the dating scan and was reported both on 

pregnancy history and delivery summary of the twin pregnancy. 

 

Maternal BMI, ethnicity, smoker status, artificial reproductive techniques, parity, age, and previous 

cervical surgery was determined from the initial booking appointment. Further information on 

cervical surgery was obtained from cytology and histology results on ICE and scanned clinic letters. 

Cervical surgery was determined from a history of a loop excision or cone biopsy procedure.  
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Any previous PTB was determined from pregnancy history, with the details including gestation and 

onset of labour taken from previous birth summaries. Previous history of a PTB is defined as any 

delivery <37-week recorded on the mother’s pregnancy history. Previous method of delivery in a 

multiparous woman was recorded only from the immediately preceding delivery. Smoking was 

defined as any mother actively smoking at least one cigarette during the pregnancy period. Any 

history of past smoking was not accounted for. Parity was determined from any previous pregnancy 

that had surpassed 24 weeks gestation. 

 

This study classified a twin PTB if it occurred <34 weeks. This decision was taken as these earlier 

gestations present the greatest clinical challenge and have the highest morbidity/mortality (181, 

182) and in addition iatrogenic births are more common in the late PTB cohort (34-36+6 weeks). 

 

3.2.2 Statistical analysis  

 

Analysis was performed on the impact of clinical and demographic factors on the gestational age at 

delivery in weeks. The primary outcome was a preterm birth which is classed as <34 weeks. 

Continuous data was summarised as median (inter-quartile ranges), and categorical data 

summarised as frequencies (percentages). Analysis was performed using generalised linear models 

technique assuming normal and binomial distribution and applying identity and logistic link function 

respectively.  

 

Univariable and multivariable analysis was performed to assess the impact of clinical/demographic 

covariates on the study outcome. Multivariable analysis was done on all candidate covariates using a 

backwards step-wise process based on Akaikes information criterion (AIC). 

Statistical significance was set at a p value of 0.05. The univariable and multivariable analysis was 

completed by Dr Richard Jackson. 

 

3.3 Results 

 

1584 twin pregnancies (3168 babies) born between January 2010 and November 2020 at LWH were 

included in this study. Of the twin pregnancies collected, 1193 of these were dichorionic (DC) and 

391 were monochorionic (MC). The collected data was separated into two groups, delivery before 

34+0 weeks gestation and delivery at 34+0 or more weeks gestation. Of the twin pregnancies 
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analysed, 20.8% (329/1584) were born before 34 weeks and 79.2% (1255/1584) were born at or 

after 34 weeks. 

 

3.3.1 Univariable analysis  

 

Table 1 details the summary statistics and univariable analysis of the 1584 patients.  Those termed 

significant at a 5% level are highlighted. This analysis is split separately into gestation time 

(continuous value) and <34 weeks and ≥ 34 weeks (categorical value). 

 

    Gestation Time Gestation ≥ 34 weeks 

Variable     <34+0 

weeks 

≥34+0 

weeks 

Total                Effect on 

gestation 

(weeks) 

(se)   

Pval    Effect on 

gestation 

(weeks) 

(se)   

OR (95% 

CI)          

Pval    

Total (n) 329 1255 1584      

Ethnicity  

       

Asian        
13 (4.0%) 41 (3.3%) 54      

Black       

6 (1.8%) 39 (3.1%) 45 
-0.24 

(0.67) 
0.719 

0.64 

(0.549) 

1.9 

(0.648, 

5.572) 

0.242 

Mixed/Other   

18 (5.4%) 80 (6.4%) 98 
-0.09 

(0.566) 
0.876 

0.31 

(0.424) 

1.36 

(0.591, 

3.122) 

0.47 

White         
292 

(88.8%) 

1095 

(87.2%) 
1387 

-0.16 

(0.462) 
0.736 

0.14 

(0.336) 

1.14 

(0.593, 

2.211) 

0.687 

Artificial reproduction      

Clomifene          8 (2.4%) 28 (2.3%) 36      

ICSI          

7 (2.1%) 36 (2.9%) 43 
1.16 

(0.738) 
0.118 

0.38 

(0.576) 

1.47 

(0.476, 

4.541) 

0.504 

IVF           
60 

(18.2%) 

230 

(18.3%) 
290 

0.54 

(0.577) 
0.354 

0.09 

(0.426) 

1.1 

(0.475, 

2.526) 

0.831 

NONE          
245 

(74.5%) 

943 

(75.1%) 
1188 

0.76 

(0.553) 
0.171 

0.12 

(0.408) 

1.13 

(0.507, 

2.505) 

0.769 

Other         

9 (2.7%) 18 (1.4%) 27 
-0.3 

(0.832) 
0.722 

-0.56 

(0.572) 

0.57 

(0.186, 

1.754) 

0.328 

Parity      

0             185 

(56.2%) 

554 

(44.1%) 
739      
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1             
88 

(26.7%) 

409 

(32.6%) 
497 0.78 (0.19) <0.001 0.4 (0.147) 

1.49 

(1.116, 

1.983) 

0.007 

2+         
56 

(17.1%) 

289 

(23.0%) 
345 

0.88 

(0.214) 
<0.001 0.5 (0.171) 

1.65 

(1.182, 

2.31) 

0.003 

Previous PTB     

No        291 

(88.4%) 

1189 

(94.7%) 
1480      

Yes       
38 

(11.6%) 
66 (5.3%) 104 

-1.43 

(0.339) 
<0.001 

-0.93 

(0.219) 

0.39 

(0.257, 

0.606) 

<0.001 

Prev cervical surgery    

No 
306 (93%) 

1175 

(93.6%) 
1481      

Yes          

23 (7.0%) 80 (6.4%) 103 
-0.15 

(0.335) 
0.651 

-0.07 

(0.249) 

0.93 

(0.572, 

1.52) 

0.778 

Maternal age     

(median, IQR) 
31 (27, 

35) 

32 (28, 

35) 

32  

(27, 35) 

0.03 

(0.015) 
0.05 

0.02 

(0.011) 

1.02 

(0.994, 

1.038) 

0.158 

Smoker  

No         127 

(38.6%) 

514 

(41.0%) 
641      

Yes           

24 (7.4%) 82 (6.6%) 106 
-0.1 

(0.351) 
0.772 

-0.08 

(0.265) 

0.92 

(0.549, 

1.554) 

0.765 

Missing data         

178 (54%) 
658 

(52.4%) 
836 

-0.11 

(0.174) 
0.509 

-0.1 

(0.132) 

0.9 

(0.697, 

1.171) 

0.443 

BMI        

(Median, IQR) 
25 (22.1, 

29.2) 

25.3 

(22.4, 

29.6) 

25.2  

(22.4, 

29.5) 

-0.02 

(0.014) 
0.125 0 (0.01) 

1 (0.979, 

1.019) 
0.888 

Chorionicity       

DC          192 

(58.4%) 

1001 

(79.8%) 
1193      

   

MC       
137 

(41.6%) 

254 

(20.2%) 
391 

-1.82 

(0.188) 
<0.001 -1 (0.135) 

0.37 

(0.284, 

0.481) 

<0.001 

Table 6 – Univariable analysis of variables split into continuous (length of gestation) and categorical 

(<34 weeks or ≥34 weeks) analysis for all twin pregnancies  

 

Univariable analysis was undertaken of the data and the results are shown via the variables effect on 

gestational time of the twin pregnancy.  
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3.3.1a Monochorionic  

 

When splitting the data by gestation, it was found that 16% and 35% of the DC and MC twin 

pregnancies respectively were delivered before 34 weeks. This was found to be a significant 

difference between the two chorionicities with MC pregnancies reducing the gestation by 12.7 days 

when compared to a DC pregnancy (P value <0.001). When comparing the data by <34 weeks and 

≥34 weeks groups, MC pregnancies were found to have a shorter overall gestation time (OR 0.37). 

 

3.3.1b Parity 

 

Being a multiparous mother (having had a previous pregnancy past 24 weeks) appears to be  a 

protective factor against PTB in the subsequent twin pregnancy. Both having a parity of 1 and 2+  

prolongs pregnancy by 5.46 and 6.16 days in the twin pregnancy (significant finding with both P 

values <0.001). 

 

3.3.1c Previous preterm birth 

 

6.57% (104/1584) of the cohort had previously experienced a <37-week PTB. In the <34 week group 

this rate was shown to be 11.6% (38/329) versus 5.3% in the >34-week group. Having a previous PTB 

had a detrimental effect on the gestation of the subsequent twin pregnancy with a reduction of 10 

days gestation (significant P value of <0.001). Of the women who had had a previous PTB, 37% then 

had a subsequent preterm twin pregnancy, with 63% going on to deliver the twin pregnancy at 34+0 

weeks or more. This is in comparison to the women without a previous history of PTB, only 20% of 

these women delivered preterm with 80% delivering at 34 weeks onwards. 

 

3.3.1d Maternal age 

 

Maternal age was also shown to have a small but significant effect on gestation. For every yearly 

increase in maternal age (from 16 years, taken from booking appointment), there is a 0.21 day 

increase in the gestation of the twin pregnancy (P value 0.05). This is only found when looking at the 

data at gestational time, not when splitting the data into preterm (<34 weeks) and term (≥34 weeks) 

groups. 
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3.3.2 Multivariable analysis  

 

Multivariable analysis was performed for both a continuous value (gestational time) and a 

categorical value (gestation ≥34 weeks) separately. 

 

3.3.2a Gestational time 

 

For gestational time, table 7 shows the significant variables that had an impact on gestation. 

 Effect on 

gestation 

(weeks) (se) 

Pval 

(Intercept)  35.92 (0.362) <0.001 

Parity 1      0.88 (0.184) <0.001 

Parity 2+      1.14 (0.216) <0.001 

Previous PTB     -2.08 (0.338) <0.001 

BMI         -0.03 (0.013) 0.014 

Chronicity MC    -1.79 (0.185) <0.001 

Table 7 - Multivariable analysis for length of gestation 

 

As with the univariable analysis, this shows that a parity >0, previous PTB and a chorionicity of MC 

had a significant impact on gestation. The multivariate analysis has shown that a parity of 2 increases 

the gestation by 7.98 day, higher than what was seen in the univariable analysis.  

 

After multivariable analysis, booking maternal BMI was found to decrease the twin pregnancy 

gestation by 0.21 days for every 1kg/m2 increase in BMI (P value 0.014). This finding was seen in 

univariable analysis with similar impact on gestational time but found to not be statistically 

significant. 
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 DC MC 

 

Effect on 

gestation 

(weeks) (se) 

Pval 

Effect on 

gestation 

(weeks) (se) 

Pval 

(Intercept)  35.26 (0.418)  <0.001  35.41 (0.369)  <0.001  

Parity 1      1.05 (0.203)   <0.001  0.94 (0.19)    <0.001  

Parity 2      1.24 (0.233)   <0.001  1.29 (0.222)   <0.001  

BMI          -0.01 (0.015)  0.533   -0.03 (0.013)  0.019   

Previous 

PTB     

-2.36 (0.357)  <0.001  -2.00 (0.348)     <0.001  

Table 8 - Multivariable analysis for length of gestation by Chronicity Type 

Multivariable models for DC and MC groups separately are included in Table 8   

 

The variate affects across both chorionicities are almost the same, each with similar effects on 

gestational time. Having a previous PTB has a greater impact on a DC pregnancy, with this reducing 

the gestation by 16.5 days compared to a reduction of 14 days in a MC pregnancy (P value <0.001). 

 

Of interest may be that the impact of BMI is more pronounced on MC patients as opposed to DC, 

with only the effect on a MC pregnancy being significant (P value 0.019). This displays a reduction in 

gestation time of 0.03 weeks for every 1kg/m2 increase of booking maternal BMI. 

 

An adjusted R2 value for model fits of 0.07 is obtained suggesting just 7% of the residual variance is 

explained by the model highlighting a large amount of noise in the data poor predictive ability. 

 

3.3.2b Gestation ≥34 weeks 

 

Multivariant analysis was conducted separately into gestation <34 and ≥34 weeks. Table 9 shows 

these results  

             Effect on 

gestation (se)   

OR (95% CI)          Pval    

(Intercept)  1 (0.091)      2.71 (2.271, 3.244)  <0.001  
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Parity 1      0.52 (0.137)   1.69 (1.289, 2.205)  <0.001  

Parity 2+      0.62 (0.164)   1.85 (1.344, 2.556)  <0.001  

Prev PTB     -1.34 (0.229)  0.26 (0.167, 0.411)  <0.001  

Chorionicity 

MC    

-1.06 (0.127)  0.35 (0.27, 0.443)   <0.001  

Table 9 - Results of Multivariable model for gestation >34 weeks 

 

In this analysis, a parity of >0 shows a prolongation of the twin pregnancy gestation, with a parity of 

1 increasing by 3.64 days (OR 1.69) and parity of 2 increasing by 4.34 days (OR 1.85). Both a previous 

preterm birth and having MC twins shows a reduction in gestation weeks. All these variables are 

shown to be significant with a P value <0.001. Unlike with gestational time analysis, analysing by 

preterm and term pregnancies, BMI was not found to have a significant impact on gestational 

weeks. 

 

An AUC model of 0.66 shows that these predictive variable for preterm birth can be used to 

accurately predict a ≥34-week twin birth in 66% of subsequent twin pregnancies. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - AUC for the fit of model explaining gestation >34 weeks 

 

This multivariable analysis was further split by chorionicity into DC and MC pregnancies. 
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This data shows comparable covariate effects between the two patient groups, with each variable 

have a slightly more impact on the gestational time in the DC cohort. 

 

 DC MC 

             Effect on 

gestation 

(weeks) (se)   

OR (95% CI)          Pval    Effect on 

gestation 

(weeks) (se)   

OR (95% CI)          Pval    

(Intercept)  1.37 (0.108)   3.95 (3.2, 4.882)    <0.001  1.1 (0.085)    3.02 (2.553, 3.563)  <0.001  

Parity 1      0.74 (0.196)   2.1 (1.431, 3.08)    <0.001  0.56 (0.149)   1.75 (1.306, 2.339)  <0.001  

Parity 2+   1.00 (0.239)      2.71 (1.693, 4.324)  <0.001  0.87 (0.188)   2.39 (1.653, 3.45)   <0.001  

Previous PTB -1.56 (0.278)  0.21 (0.121, 0.361)  <0.001  -1.33 (0.236)  0.27 (0.167, 0.422)  <0.001  

Table 10 - Multivariable analysis for Gestation ≥ 34 weeks by Chorionicity Type 

 

3.4 Discussion  

 

3.4.1 Principal findings  

 

This study has confirmed that multiparity is a protective factor in women embarking on a twin 

pregnancy, with gestation prolonged in these pregnancies. A previous PTB and sharing of a placenta 

decrease the gestation at delivery of a twin pregnancy. Both the univariate and multivariate analysis 

showed a previous term birth is a protective factor against preterm twin birth and that having a 

parity of 2+ prolonged the twin pregnancy further than a parity of 1. A previous PTB was the most 

significant factor for decreasing the gestation of the twin pregnancy, and therefore a potential 

predictor of preterm birth. 

 

3.4.2 Existing literature 

 

3.4.2a Previous preterm birth 

 

A previous preterm birth has been shown in existing literature to be a predictor of subsequent 

preterm birth in a twin pregnancy. A 2014 systematic review found that 11.9% of preterm twins 

were born to mothers who had previously had a preterm singleton pregnancy (183). This current 
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cohort study found an almost identical rate of 11.6%, however this study classed a twin preterm 

birth as <34 weeks, with the systematic review classing <37 weeks as a preterm birth. This concludes 

that this current cohort is higher risk than the previous 2014 study.  

 

However, the studies included in the 2014 review had varying exclusion criteria such as excluding 

any pregnancies with an IUD or congenital anomalies. Two of the studies also only included women 

with a parity of 1 during the twin pregnancy.  These exclusions could explain why the subsequent 

preterm birth rate in this study was found to be higher than previous findings, however further 

evaluation of this risk would have to be undertaken. 

 

This cohort study found that 37% of the women who had a history of a previous preterm birth then 

went on to deliver the twin pregnancy before 34 weeks. Schaaf et al (129) found in 2012, a much 

higher rate of 56.9% of preterm twin pregnancy in mothers with a history of preterm birth. However, 

this study defined a preterm twin birth as <37 weeks, which could explain the much higher rate and 

discrepancy between the two findings. Similar studies classing preterm twin birth as <37 weeks have 

found the rate to be 16%-69% (184, 185). 

 

A 2009 study found a subsequent preterm twin rate of 45.2% in mothers with a previous history of 

preterm birth when classifying the twin pregnancy preterm at <35 weeks gestation (184). These 

results are more in line with this current study’s findings of 37%. When looking at twin pregnancies 

born <35 weeks as opposed to <34 weeks in this current cohort, 47% had a history of preterm birth, 

suggesting the different rate seen in previous literature is due to the difference in classification of 

gestational age of a twin preterm birth. 

 

3.4.2b Parity 

 

This study displayed that parity was a protective factor against preterm delivery, it prolonged the 

gestation of the twin pregnancy by 0.78 and 0.88 weeks (parity of 1 and 2), when analysing the data 

by gestational time. Multiparous women having a longer twin pregnancy gestation have been 

reported in other literature, with a 2011 study finding that nulliparous women (parity=0) had a <34 

week preterm birth rate of 20.7%, with multiparous women’s rate being 16.3% (186) although this 

result was not found to be statistically significant. In this same study, the difference in nulliparous 

and multiparous <37 weeks preterm birth was statistically significant. This current study’s findings 
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found a nulliparous <34-week preterm birth rate of 25%, with multiparous rate of 17.1% (parity 

1=18%, parity 2+=16%), which is comparable to other current literature. 

 

3.4.2c BMI 

 

Other literature has shown that women with a BMI >35 have an increased chance of a <34-week 

twin preterm birth with an odd ratio of 1.63 (1.30-2.05 confidence interval – p value 0.0001) (187). 

Another study only looking at DC twins found that obese women were more likely to deliver <34 

weeks when compared to non-obese women (OR 1.65) (188). A similar DC study found an increased 

preterm birth rate in women with a BMI or ≥30 (P value <0.01) (189). This current study only 

identified statistical significance for the effect of BMI on MC pregnancies, with each increase in BMI 

by 1kg/m2 to decrease gestation time by 0.03 weeks (when comparing maternal BMI across two 

pregnancies). In DC pregnancies, this same difference was found to decrease gestational time by 

0.01 weeks but this result was not statistically significant. 

 

3.4.2d Maternal age  

Extremes of maternal age have been reported to increase the risk of a preterm birth in singleton 

pregnancies but there have been mixed results for twins. A variety of studies have found than an 

increasing maternal age increases the risk of a PTB(190), with some others identifying this only for 

late PTB (34-36+6 weeks)(191).  

 

There have been contrasting results with other studies showing twins have lower rates of preterm 

birth in mother with advanced age. A 2008 study found that women over 35 years had a statically 

lower rate of preterm twin birth than women age 25-29 years (192). A recent meta-analysis found 

that advanced maternal age was associated with a lower rate of PTB than with women under 35 

years (PTB = <37 weeks), however no significant difference was seen in PTB rates between the two 

in births <32 weeks (193). 

 

This current cohort study found a small but significant increase in the gestation of a twin pregnancy 

for every yearly increase in maternal age from 16 years old. Using this current study results, a 10-

year increase in maternal age would increase the gestation of the twin pregnancy by 2.1 days – a 

very small impact. The effect of maternal age on PTB was only found during univariable analysis, not 

multivariable analysis which could suggest other variables that are connected with an increased 

maternal age e.g. a DC pregnancy and increased parity, could be responsible for this finding. 
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The incidence of preterm birth being higher in the extreme low end of maternal age (<20 years) has 

been linked to several different factors. Younger mothers are less likely to seek healthcare in the first 

trimester/entire pregnancy and more likely to come from a lower socio-economic background and 

have lower levels of maternal education (194). Despite this, an increased incidence of PTB has been 

found in mothers <20 years after adjusting for these factors (195, 196). 

 

3.4.2e Chorionicity 

  

Previous data clearly shows that MC pregnancies are at much higher risk of PTB than DC (197-199), a 

trend also described in this cohort study with 35% of MC and 16% of DC pregnancies born <34 

weeks. The increase in MC pregnancies can be seen across a large range of PTB gestations (197). For 

this study, a MC pregnancy was found to reduce gestational length by 1.79 weeks, the only larger 

impact variable was a history of PTB. Some of this difference can be attributed to vascular 

complications that occur in MC pregnancies due to the MC unique complications of TTTS or sFGR 

secondary to the sharing of a placenta. 

 

3.4.3 Implications 

 

These results show that the maternal variables that can predict preterm birth are similar across both 

MC and DC pregnancies, with each variable having slightly more impact on gestational time in DC 

twins. There is limited current literature reporting preterm birth predictors via chorionicity, if a study 

does split by chorionicity, it normally reports on only the DC pregnancies.  

 

Currently, the 2019 NICE guidelines on preventing preterm birth do not offer any recommendations 

for the prevention of twin preterm birth. They state that a twin mother should not be offered arabin 

pessary, bed rest, cervical cerclage or oral tocolytics to prevent spontaneous preterm birth. 

Intramuscular progesterone should not be offered as it has previously shown no clinical benefit, and 

produced unpleasant side effects for the mothers. NICE has not made any recommendation on the 

use of vaginal progesterone due to lack of evidence, but with new emerging evidence expected (66).  

 

 

3.4.4 Strengths and limitations  
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A major strength of this study is that it is a large cohort of twin pregnancies with a good split of both 

MC and DC pregnancies. This relatively large sample size gave a good overall image of the likely 

overall picture seen in the general population and its findings are likely to be applicable to the 

overall twin population. 

 

A key strength was that we had low missing data, with chorionicity and gestational weeks being 

collected for all of the 1584 pregnancies. This resulted in no pregnancies having to be excluded for 

key missing data (gestational weeks and chorionicity), the largest amount of missing data came from 

smoking status of the mother and use of ART. 

 

Another strength of this study is that any pregnancy that had been referred to LWH from outside the 

area was excluded, due to the potential difference in care and management these twin pregnancies 

may have received. LWH is a tertiary unit that many complicated pregnancies are referred to. By 

including these pregnancies, this potentially may have artificially inflated the preterm birth rate seen 

in this study, and would have been less representative of the UK twin population. 

 

Some limitations of this study include its retrospective design, which relied on historical data entry  

accuracy. The process of collecting data from multiple sources will have reduced the impact of this 

potential limitation. 

 

Another limitation of this study is the lack of maternal health data collected, only BMI, previous 

births and previous cervical surgery was collected. Iatrogenic births are responsible for 

approximately 25% of births, some of these may be due to maternal factors. Including additional 

maternal health data may further strengthen the findings of this study. 

 

Other limitations of this study include lack of smoking data collected as it is a known risk factor for 

PTB in singletons (200), it would be useful data to collect to see if smoking has the same impact on a 

twin pregnancy.  

 

3.5 Conclusion 

 

This data highlights that gestational length of a twin pregnancy is decreased by monochorionicity 

and a history of a previous <37-week preterm birth. BMI was also found to have a small negative 

impact on gestational length in MC pregnancies. A multiparous twin pregnancy was shown to have 
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an increased gestational length than a nulliparous twin pregnancy, with the gestational length being 

longer with a parity of 2 or more compared to 1. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



62 
 

Chapter 4 Discussion 

 

 

This thesis aimed to report on predictors of pregnancy loss and preterm birth in multiple pregnancy. 

The data has primarily shown that MC twins are born earlier and have a higher rate of miscarriage 

and PTB than DC twins. It has also displayed that parity, BMI and previous preterm birth all play a 

role in the gestation of a subsequent twin pregnancy, either reducing or lengthening the gestational 

weeks at delivery. Overall, this data confirms that a twin pregnancy is a high-risk pregnancy for 

adverse pregnancy outcomes, especially pregnancy loss and preterm birth. 

 

Multivariable analysis found that the maternal factors of parity and previous history of preterm birth 

had very similar effects on gestational time in both MC and DC twins. History of a previous preterm 

birth (<37 weeks) had more impact on the DC pregnancy than the MC pregnancy, seen when 

analysing the data by gestational time and ≥34 weeks (-2.36 Vs -2 and -1.56 Vs -1.33 weeks). With 

similar variable effects and the removal of TTTS cases still resulting in a higher preterm birth rate in 

MC twins, suggests that there are another number of other variables that result in this increased 

preterm birth rate seen in MC twins. 

 

4.1 Predicting preterm birth 

 

The data presented in this thesis has shown a <34-week preterm birth rate of 35% and 16% in 

monochorionic and dichorionic twins, with a combined preterm birth rate of 20.8% across both 

chorionicities, which is in accordance with previous literature (201). The preterm birth rate 

commonly reported in singletons is much lower at 5.3%-7.1% (202, 203) with the <34 week being as 

low as 0.9%-2.1% (201, 204).  

 

These data have highlighted that twins are at much higher risk of being born preterm than a 

singleton pregnancy, despite making up only 2.6% of all births, twins represent approximately 

12.2.% of all preterm births (p value 0.05) (205). With the <34-week preterm birth rate in twins being 

higher than the <37-week preterm birth in singletons, correlates with twins being at increased risk of 

adverse neonatal outcomes associated with prematurity such as respiratory distress syndrome, 

severe intraventricular haemorrhage and low Apgar scores (205). 

This study found some significant preterm birth indicators in the twin population. 
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One predictor was a history of PTB in an antecedent singleton pregnancy, which was found to 

decrease the gestation of the twin pregnancy both in MC and DC twins, with a slightly more negative 

impact seen in DC twins. This is comparable to existing literature which has reported a shorter 

gestation if the mother has had a previous PTB (184). Although this effect has been previously 

reported in twin pregnancy, we believe we are the first to identify the impact of a previous preterm 

birth on gestation at delivery in both monochorionic and dichorionic twin pregnancy. The 

explanation of this increased negative impact of a previous PTB seen in a DC pregnancy is not 

known, and with a cohort of 103 women with previous PTB, additional research with a greater 

cohort size is needed to fully assess this finding.  

Another significant predictor was the pregnancy being MC. MC pregnancies are known to have 

unique complications due to the vascular connections through their shared placenta, increasing their 

chance of adverse pregnancy outcomes, due to TTTS etc. These also increase the chance of a PTB 

(197, 206). In this cohort, after the removal of the 32 TTTS cases, the MC preterm birth rate was still 

increased at 29.2% compared to the DC cohort, suggesting MC pregnancies are still at higher risk of 

PTB in the absence of MC specific complications, a finding seen in other studies when classifying PTB 

as <34 weeks (206). 

This study also reported that the difference in chorionicity also had a major impact on fetal loss <24 

weeks, with the risk of loss of at least one fetus before 24 weeks more than two times higher in an 

MC pregnancy than a DC pregnancy (RR 2.42 CI 1.45. 4.04). The same increased risk was found in 

both loss of one fetus and loss of both fetuses <24 weeks gestation, although only the loss of one 

fetus <24 weeks was found to be significant. 

Previous studies have found that the death of one twin in a MC pregnancy is more likely to lead to 

death of the co-twin, when compared to a DC pregnancy (207) due to vascular complications 

secondary to a shared placenta. This would suggest that if the death of one twin is significantly 

different between MC and DC pregnancies, the death of both twins should also be significantly 

different. However, this study did not find a statistically significant different between death of both 

twins. This cohort study did not record the cause of the fetal loss <24 weeks, which may have given 

more insight as to why the death of both twins was not significant between MC and DC twins. 

Additionally, only 15 pregnancies lost both fetuses which may be a too small cohort to find a 

significant link. 

A younger maternal age was also found to be associated with a shorter gestation than an older 

mother in this study, with the gestation increasing by 0.03 weeks (0.21 days) for every yearly 
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increase from 16 years of age. The effect of maternal age on a twin pregnancy has be reported with 

conflicting results, with similar results of higher preterm birth rates seen in younger mothers being 

reported in a 2019 study but with the result found to not be statically significant (208). A finding of a 

lower twin PTB rate in women >35 years compared to women <35 years was reported in a recent 

meta-analysis (193), although like with many studies, PTB was classed as <37 weeks gestation. In this 

cohort study, maternal age being a significant risk factor for PTB was only found during univariable 

analysis, and was not found to be significant when separating the data by chorionicity. The small 

impact found in this study agrees with previous published data but suggests that maternal age may 

not be an accurate standalone predictor of PTB, but may be useful when combined with other PTB 

risks. 

Having a parity of 0 was shown to have a negative impact on the gestational age, with having at least 

one pregnancy >24-weeks previously, associated with an increase in the gestational age at delivery 

of the subsequent twin pregnancy. This has been widely reported in the literature previously (136, 

209, 210) will multiparity showing a protective factor against PTB. Being multiparous had a positive 

effect with similar lengthening on the gestation of a MC and DC pregnancy despite a significant 

difference seen in parity between the two groups. A previous study found primiparous twin mothers 

had significantly higher rates of preeclampsia and hypertension (211), both of which can contribute 

to PTB. The association between multiparous mothers and lower risk of PTB could be explained as in 

most cases as parity increases, maternal age also increases; another protective variable against PTB. 

We know that a previous PTB increases the risk of a subsequent PTB in singletons (212), so it is 

unsurprising that a previous term birth decreases the risk of a PTB in the subsequent pregnancy. 

However, this finding was still reported after multivariate analysis, in which maternal age would’ve 

been adjusted for. Therefore, multiparity can be reported as an independent protective factor 

against twin PTB. 

This study identified that BMI had a significant effect on the gestation of a MC twin pregnancy with 

the gestational length decreasing by 0.03 week (0.21 days) for every 1 increase in booking BMI, so 

we would expect a woman with a BMI of 35 to have a gestation 2.1 days shorter than a woman with 

a BMI of 25. Other literature has reported that a high BMI can increase the chance of PTB, however 

this literature is often not reported by chorionicity (213). A 2010 Japanese study only looking at DC 

twins found an increased risk of PTB <32 weeks in obese mothers (189). Interestingly this current 

study found that BMI only had a significant impact on MC pregnancies and not DC pregnancies.  
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This difference could be explained by BMI having more of an impact in younger mothers, with the 

average maternal age in an MC pregnancy being just over 2 years less than the DC cohort despite the 

average BMI being similar across the two groups. A 2019 study in singleton pregnancies found that 

white women <20 years and black women <30 years, maternal obesity was associated with an 

increased risk of PTB (214), with maternal obesity having a positive effect on PTB in older mothers. 

For the true effect of impact of BMI on twin PTB risk to be seen, MC and DC cohorts with similar 

maternal age may have to be studied.  

4.2 Twin preterm birth 

 

4.2.1 Prediction: 

 

In singleton pregnancies, cervical length and fetal fibronectin (fFN), alongside PTB risk factors, are 

currently used as measurements for the prediction of PTB in singletons. The prediction of preterm 

birth in a twin pregnancy is not as clear and the evidence is not as strong. 

 

Measuring cervical length has been assessed in various studies. One study concluded that a cervical 

length of <30mm between 16-20 weeks gestation was not a good predictor of PTB in a twin 

pregnancy. This study included low risk, asymptomatic (no signs of preterm labour) twin pregnancies 

(215).  

 

A 2020 cohort study concluded that serial cervical length measurements were better at predicting 

twin PTB than a single mid-trimester measurement but still only predicted around 60% of preterm 

births (216). Meta-analysis has shown that the efficacy of cervical length PTB prediction depends on 

the gestational age at measurement, with <28-week PTB best predicted by a measurement at <18 

gestational weeks (cervical length <30mm). A PTB between 28+1-36+0 weeks was found to be best 

predicted by a >22+0 gestational week screening (217).  

 

This supports the 2020 cohort study conclusion that multiple cervical length assessments may be 

needed to more accurately predict twin PTB. Despite this, the evidence for cervical length screening 

in a twin pregnancy for predicting PTB is mixed, with different studies including or excluding specific 

cohorts of twin pregnancies. PTB prevention in singletons is recommended for pregnancies that have 

multiple PTB predictors, such as short cervical length and history of previous PTB (66). Combining 
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cervical length screening with another predictor of PTB, such as previous history of PTB or low 

maternal age, could lead to more accurate prediction and an increased efficacy. 

 

A fFN level of >50 ng/mL is considered positive in most current literature. A 2020 analysis found that 

a positive fFN level increased the odds of a twin PTB, at <28 weeks (OR 12.06), <32 weeks (OR 

10.03), <34 weeks (OR 6.26) and <37 weeks (OR 5.34), in unselected twin pregnancies (132). 

However, this analysis included studies that measured fFN levels at various gestations, so the 

optimum gestational age for measuring fFN is unknown. A recent 2020 prospective cohort study 

concluded that a fFN measurement between 22+0-27+6 weeks gestation was the most accurate 

time to predict <30-week twin preterm birth. The prediction was reported to be more accurate in 

women with an additional PTB risk factors, such as short cervical length (218) suggesting that for fFN 

to be used as a preterm birth predictor, the correct cohort must be measured. The current cohort 

study presented here did not collect any fFN levels due to the retrospective nature of the study and 

reliance on routine clinical data. It would be beneficial if future studies were able to more clearly 

define the position of fFN in the prediction of preterm birth in twin pregnancy. fFN levels taken in 

women with risk factors for a PTB could provide a new cohort for PTB prediction studies and lead to 

a new set of pregnancies to trial PTB preventions. 

 

Studies looking at the link between deprivation and PTB has shown an increased incidence of PTB in 

the most deprived areas. A large publication looking at preterm birth in England and Wales found 

PTB rate to be 6.7% in the most deprived areas and 4.5% in the least deprived areas (using the Index 

of Multiple Deprivation) (219). This same link has been found in other countries with a 2020 German 

study finding higher a PTB in the most deprived areas (220). Due to the retrospective nature of this 

cohort study, no data on the women’s socio-economic status and education level was collected, so 

the impact of deprivation on PTB rates is unable to be commented on in this study. However current 

literature has displayed that it could be an important predictor of PTB, concluding that the routine 

collection of this data could lead to further benefits in the prediction of PTB in the future. 

 

4.2.2 Prevention: 

 

There are several effective treatments to prevent preterm birth in singleton pregnancies and all have 

been tried in multiple pregnancy. 
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One intervention into the prevention of twin PTB is cervical cerclage. Recent cohort studies have 

shown a decrease in <34-week twin PTB in women with a cervical cerclage compared to without 

who have a cervical length measurement of <25mm. However, this decrease was further analysed 

and the benefit was only found in women with a cervical length of <15mm, the same statistically 

significant benefit was not found in the 16-25mm group (221). 

 

A recent meta-analysis found conflicting studies about the efficacy of cervical cerclage in women 

with a cervical length of <25mm during a twin pregnancy. The use of a cervical cerclage was found to 

significantly prolong the twin pregnancy when the cervical length <15mm. However, this same 

increase in gestation was not found in women with cervical length 16-25mm or in women with a 

normal cervical length (>25mm) (222), suggesting a cervical cerclage is only beneficial to twin 

pregnancies that have more advanced signs of preterm labour (more advanced cervical changes). A 

more recent meta-analysis concluded that cervical cerclage showed the highest efficacy for being 

the best form of PTB prevention in women with cervical length <25mm, but this was concluded from 

a relatively small sample size so further trials would have to be undertaken to make this conclusion 

more robust (223).  

 

Another mainstay of treatment for the prevention of PTB in singletons is vaginal progesterone  

A recent meta-analysis concluded that vaginal progesterone showed no statically significant 

decreased in twin PTB when compared to expectant management , in unselected twin populations. 

In further sub group analysis of women with a short cervix (<25mm), there was also no decrease in 

<34 weeks PTB rates in the twin pregnancies (compared to expectant management) (223).  

 

This is in comparison to a 2017 meta-analysis that reported vaginal progesterone significantly 

reduced the risk of <34 weeks preterm birth, and concluded that the number needed to treat to 

prevent one preterm birth was 6-12 women (224). However, a large amount of this data was drawn 

from one study leading to bias, suggesting more recent trials may give a more accurate result. 

The current studies on prevention of twin preterm birth have all been undertaken on either 

unselected twin pregnancies or twin pregnancies with a short cervical length resulting in a lack of 

evidence for the use of any intervention. Use of PTB interventions in singletons is currently 

recommended in the NICE guidance for women with short cervical length but also other PTB risk 

factors such as history of PTB or mid-trimester loss (66). 
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The EVENTs trial concluded that the incidence of spontaneous <34 week PTB in twins was not 

reduced by treatment with vaginal progesterone, but post-hoc analysis did show there may be some 

benefit for women with a short cervix (<30mm). This trial did suggest that vaginal progesterone may 

play a role increasing the gestational weeks of <24 week pregnancy, changing late miscarriages to 

early PTB suggested by the higher late miscarriage rates seen in the placebo group (2.6% vs 4.4%) 

(225).  

 

The STOPPIT-2 trial (226) involved a number of twin pregnancies from LWH recorded between 2015 

and 2019, incorporating some twin pregnancies from this cohort. Due to this trial, a small number of 

women received an Arabin cervical pessary as a PTB intervention, however overall this represented  

very few of the pregnancies in this cohort. Therefore, most pregnancies in this cohort did not receive 

any preventative PTB intervention aside from normal twin pregnancy monitoring and care. The small 

number of pregnancies involved results in a lack of evidence being able to be collected for this 

specific intervention.  

 

Currently NICE guidelines do not recommend any form an intervention for the prevention of PTB in a 

twin pregnancy. This is largely due to weak evidence (66).  

 

The weak evidence could be strengthened by trials targeting a specific group of twin pregnancies 

that are at higher risk of PTB, rather than including all twin pregnancies. This cohort study identified 

specific variables that increased the PTB risk in a twin pregnancy such as primiparous, previous <37-

week PTB, lower maternal age, higher BMI and MC chorionicity. New trials testing PTB interventions 

on these specific cohorts could provide more robust evidence and potential implementation of PTB 

preventative treatments in a twin pregnancy. 

 

Screening and implementing a preventative treatment for twin PTB in only high-risk groups could be 

challenging due to the small number of cases likely to meet strict inclusion criteria, with the most 

significant factor in this cohort being previous PTB with only 104 pregnancies (6.6%). It is therefore 

likely that a national approach would be required to ensure enough twin pregnancies can be 

included in such a study. 

 

4.3 Conclusion 
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This study confirms that there are recordable variables in a twin pregnancy that make it higher risk 

for PTB. Both fetal loss <24 weeks and early preterm birth are increased in monochorionic twins 

compared to dichorionic twins. By removing the MC pregnancies that had a diagnosis of TTTS, a 

vascular complication only seen in MC pregnancies, both the risk of fetal loss and preterm birth 

decrease, although the remaining MC twins still show higher PTB rates in comparison to DC twins. 

 

Previous history of preterm birth, increasing maternal age and increasing BMI all reduced the 

gestation of a twin pregnancy in MC twin pregnancy. Prev PTB and maternal age reduced gestation 

in DC twin pregnancy. In both MC and DC twins a history of a previous PTB <37 weeks was the most 

significant risk factor for subsequent twin preterm birth. Previous term pregnancy with a parity of 1 

or more was protective and increased the gestation at delivery in both MC and DC twin pregnancy.  

 

However, there is little evidence on effective prevention of PTB in twins, and the incorporation of a 

screening test using maternal history will depend on the development of a proven effective 

treatment for the prevention of PTB. Using maternal risk factors found in this thesis to screen 

women into high or low risk groups for PTB could potentially allow further studies to be done on 

only these specific pregnancies, and to see if a stronger more established link can be made to explain 

why these pregnancies are at higher risk of PTB and to target interventions accordingly. 

 

Most of the current evidence available for the efficacy of different methods for prevention of PTB in 

twins have used varying inclusion criteria or have targeted cohorts of twin pregnancies without 

regard to chorionicity. It is difficult to draw conclusions from this current data about what is an 

effective treatment due to conflicting or weak evidence. The maternal predictors found in this 

current study could provide a cohort of higher risk pregnancies, who could be then used in a trial to 

test the efficacy of prevention treatments. Positive results have been seen in women with a cervical 

length <15mm and treatment with cervical cerclage, showing that if a more accurate high-risk cohort 

of women are identified, there may be some potential benefit from existing PTB interventions. This 

result has been seen in singleton pregnancies when targeting women with a history of a previous 

PTB, but the current evidence is much further behind in twin pregnancies.  

 

 

 

 

 



70 
 

References 

 

1. Ferriman E, Stratton S, Stern V. Twin pregnancy. Obstetrics, Gynaecology & Reproductive 
Medicine. 2018;28(8):221-8. 
2. Peter C, Wenzlaff P, Kruempelmann J, Alzen G, Bueltmann E, Gruessner SE. Perinatal 
morbidity and early neonatal mortality in twin pregnancies. Open Journal of Obstetrics and 
Gynecology. 2013;Vol.03No.01:12. 
3. Isaac Blickstein LGK. Multiple pregnancy: epidemiology, Gestation, and Perinatal Outcome. 
2, illustrated ed. Isaac Blickstein LGK, editor: CRC Press, 2005; 2005. 
4. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of preterm birth. 
The Lancet. 2008;371(9606):75-84. 
5. Ancel P-Y, Goffinet F, Group atE-W. Survival and Morbidity of Preterm Children Born at 22 
Through 34 Weeks’ Gestation in France in 2011: Results of the EPIPAGE-2 Cohort Study. JAMA 
Pediatrics. 2015;169(3):230-8. 
6. Braude P. One child at a time : Reducing multiple births after IVF. 
wwwhfeagovuk/en/483html. 2007. 
7. Office for National Statistics. Birth Characteristics. Office for national statistics 2019 16 
November 2020. 
8. Wilcox LS, Kiely JL, Melvin CL, Martin MC. Assisted reproductive technologies: estimates of 
their contribution to multiple births and newborn hospital days in the United States. Fertility and 
Sterility. 1996;65(2):361-6. 
9. Blondel B, Kogan MD, Alexander GR, Dattani N, Kramer MS, Macfarlane A, et al. The Impact 
of the Increasing Number of Multiple Births on the Rates of Preterm Birth and Low Birthweight: An 
International Study. American Journal of Public Health. 2002;92(8):1323-30. 
10. Obiechina N, Okolie V, Eleje G, Okechukwu Z, Anemeje O. Twin versus singleton pregnancies: 
the incidence, pregnancy complications, and obstetric outcomes in a Nigerian tertiary hospital. Int J 
Womens Health. 2011;3:227-30. 
11. Wimalasundera RC, Trew G, Fisk NM. Reducing the incidence of twins and triplets. Best 
Practice & Research Clinical Obstetrics & Gynaecology. 2003;17(2):309-29. 
12. Astolfi P, Ulizzi L, Zonta LA. Changes in twinning rate: Italy 1950–1996. Human Reproduction. 
2003;18(1):207-11. 
13. Nylander PPS. Ethnic differences in twinning rates in Nigeria. Journal of Biosocial Science. 
1971;3(2):151-8. 
14. Levi Setti PE, Moioli M, Smeraldi A, Cesaratto E, Menduni F, Livio S, et al. Obstetric outcome 
and incidence of congenital anomalies in 2351 IVF/ICSI babies. J Assist Reprod Genet. 
2016;33(6):711-7. 
15. Legro RS. Ovulation induction in polycystic ovary syndrome: Current options. Best Practice & 
Research Clinical Obstetrics & Gynaecology. 2016;37:152-9. 
16. Haines N. Births by parents’ characteristics in England and Wales: 2016. 2017. 
17. NICE. Fertility problems: assessment and treatment, clinical guidance [CG156] 2017 
[Available from: https://www.nice.org.uk/guidance/cg156/chapter/recommendations. 
18. Garthwaite H, Stewart J, King K, McGarry K, Wilkes S. Ultrasound monitoring during first-
cycle treatment with clomifene citrate: a national survey of compliance with NICE. Human Fertility. 
2020;23(3):193-9. 
19. Garthwaite H, Stewart J, Wilkes S. Multiple pregnancy rate in patients undergoing treatment 
with clomifene citrate for WHO group II ovulatory disorders: a systematic review. Human Fertility. 
2021:1-10. 
20. Ismail L, Mittal M, Kalu E. IVF twins: buy one get one free? Journal of Family Planning and 
Reproductive Health Care. 2012;38(4):252-7. 

https://www.nice.org.uk/guidance/cg156/chapter/recommendations


71 
 

21. Thurin A, Hausken J, Hillensjö T, Jablonowska B, Pinborg A, Strandell A, et al. Elective single-
embryo transfer versus double-embryo transfer in in vitro fertilization. N Engl J Med. 
2004;351(23):2392-402. 
22. Ferraretti AP, Goossens V, de Mouzon J, Bhattacharya S, Castilla JA, Korsak V, et al. Assisted 
reproductive technology in Europe, 2008: results generated from European registers by ESHRE. 
Human Reproduction. 2012;27(9):2571-84. 
23. Barrington KJ, Janvier A. The paediatric consequences of Assisted Reproductive 
Technologies, with special emphasis on multiple pregnancies. Acta Paediatrica. 2013;102(4):340-8. 
24. Mateizel I, Santos-Ribeiro S, Done E, Van Landuyt L, Van de Velde H, Tournaye H, et al. Do 
ARTs affect the incidence of monozygotic twinning? Human Reproduction. 2016;31(11):2435-41. 
25. Aston KI, Peterson CM, Carrell DT. Monozygotic twinning associated with assisted 
reproductive technologies: a review. Reproduction. 2008;136(4):377-86. 
26. Busnelli A, Dallagiovanna C, Reschini M, Paffoni A, Fedele L, Somigliana E. Risk factors for 
monozygotic twinning after in&#xa0;vitro fertilization: a systematic review and meta-analysis. 
Fertility and Sterility. 2019;111(2):302-17. 
27. Sarais V, Paffoni A, Baffero GM, Parazzini F, Persico N, Somigliana E. Estimating the Risk of 
Monochorionic Twins in IVF Pregnancies From the Perspective of a Prenatal Diagnosis Unit. Twin 
Research and Human Genetics. 2016;19(1):66-71. 
28. Hayashi M, Satoh S, Matsuda Y, Nakai A. The effect of single embryo transfer on perinatal 
outcomes in Japan. Int J Med Sci. 2015;12(1):57-62. 
29. Pandian Z, Templeton A, Serour G, Bhattacharya S. Number of embryos for transfer after IVF 
and ICSI: a Cochrane review. Human Reproduction. 2005;20(10):2681-7. 
30. Ferraretti AP, Goossens V, Kupka M, Bhattacharya S, de Mouzon J, Castilla JA, et al. Assisted 
reproductive technology in Europe, 2009: results generated from European registers by ESHRE. 
Human Reproduction. 2013;28(9):2318-31. 
31. Office for National Statistics. Births in England and Wales: 2019. Office for National Statistics 
2020. 
32. Laskov I, Birnbaum R, Maslovitz S, Kupferminc M, Lessing J, Many A. Outcome of singleton 
pregnancy in women ≥45 years old: a retrospective cohort study. The Journal of Maternal-Fetal & 
Neonatal Medicine. 2012;25(11):2190-3. 
33. Al Dzajali M, Gajewska-Knapik K, Chong HP. Management of dichorionic diamniotic twin 
pregnancies. Obstetrics, Gynaecology & Reproductive Medicine. 2021;31(1):8-12. 
34. Denbow ML, Cox P, Taylor M, Hammal DM, Fisk NM. Placental angioarchitecture in 
monochorionic twin pregnancies: Relationship to fetal growth, fetofetal transfusion syndrome, and 
pregnancy outcome. American Journal of Obstetrics and Gynecology. 2000;182(2):417-26. 
35. Lumme RH, Saarikoski SV. Monoamniotic twin pregnancy. Acta Genet Med Gemellol (Roma). 
1986;35(1-2):99-105. 
36. Constantine S, Wilkinson C. Double trouble: the importance of reporting chorionicity and 
amnionicity in twin pregnancy ultrasound reports. J Med Imaging Radiat Oncol. 2015;59(1):66-9. 
37. Scardo JA, Ellings JM, Newman RB. Prospective determination of chorionicity, amnionicity, 
and zygosity in twin gestations. American Journal of Obstetrics and Gynecology. 1995;173(5):1376-
80. 
38. Hill LM, Chenevey P, Hecker J, Martin JG. Sonographic determination of first trimester twin 
chorionicity and amnionicity. J Clin Ultrasound. 1996;24(6):305-8. 
39. Chauhan SP, Scardo JA, Hayes E, Abuhamad AZ, Berghella V. Twins: prevalence, problems, 
and preterm births. American Journal of Obstetrics and Gynecology. 2010;203(4):305-15. 
40. Preis K, Swiatkowska-Freund M. What to look for in the ultrasound examination of multiple 
pregnancy? Donald School Journal of Ultrasound in Obstetrics and Gynecology. 2020;14(3):226-30. 
41. Tannirandorn Y, Phaosavasdi S. Accuracy of ultrasonographic criteria for the prenatal 
diagnosis of placental amnionicity and chorionicity in twin gestations. J Med Assoc Thai. 
1993;76(4):190-5. 



72 
 

42. Lewi L, Gucciardo L, Van Mieghem T, de Koninck P, Beck V, Medek H, et al. Monochorionic 
diamniotic twin pregnancies: natural history and risk stratification. Fetal Diagn Ther. 2010;27(3):121-
33. 
43. Dias T, Arcangeli T, Bhide A, Napolitano R, Mahsud-Dornan S, Thilaganathan B. First-
trimester ultrasound determination of chorionicity in twin pregnancy. Ultrasound in Obstetrics & 
Gynecology. 2011;38(5):530-2. 
44. Stenhouse E, Hardwick C, Maharaj S, Webb J, Kelly T, Mackenzie FM. Chorionicity 
determination in twin pregnancies: how accurate are we? Ultrasound Obstet Gynecol. 
2002;19(4):350-2. 
45. Cook TL, O'Shaughnessy R. Iatrogenic creation of a monoamniotic twin gestation in severe 
twin-twin transfusion syndrome. J Ultrasound Med. 1997;16(12):853-5. 
46. Sebire NJ, Snijders RJM, Hughes K, Sepulveda W, Nicolaides KH. The hidden mortality of 
monochorionic twin pregnancies. BJOG: An International Journal of Obstetrics & Gynaecology. 
1997;104(10):1203-7. 
47. Sperling L, Kiil C, Larsen LU, Qvist I, Schwartz M, Jørgensen C, et al. Naturally conceived twins 
with monochorionic placentation have the highest risk of fetal loss. Ultrasound in Obstetrics & 
Gynecology. 2006;28(5):644-52. 
48. Huber A, Hecher K. How can we diagnose and manage twin–twin transfusion syndrome? 
Best Practice & Research Clinical Obstetrics & Gynaecology. 2004;18(4):543-56. 
49. Ortibus E, Lopriore E, Deprest J, Vandenbussche FP, Walther FJ, Diemert A, et al. The 
pregnancy and long-term neurodevelopmental outcome of monochorionic diamniotic twin 
gestations: a multicenter prospective cohort study from the first trimester onward. American Journal 
of Obstetrics and Gynecology. 2009;200(5):494.e1-.e8. 
50. Lewi L, Jani J, Blickstein I, Huber A, Gucciardo L, Van Mieghem T, et al. The outcome of 
monochorionic diamniotic twin gestations in the era of invasive fetal therapy: a prospective cohort 
study. American Journal of Obstetrics and Gynecology. 2008;199(5):514.e1-.e8. 
51. Fries MH, Goldstein RB, Kilpatrick SJ, Golbus MS, Callen PW, Filly RA. The role of 
velamentous cord insertion in the etiology of twin-twin transfusion syndrome. Obstet Gynecol. 
1993;81(4):569-74. 
52. Gaziano EP, De Lia JE, Kuhlmann RS. Diamnionic Monochorionic Twin Gestations: An 
Overview. Journal of Maternal-Fetal Medicine. 2000;9(2):89-96. 
53. Denbow M, Fogliani R, Kyle P, Letsky E, Nicolini U, Fisk N. Haematological indices at fetal 
blood sampling in monochorionic pregnancies complicated by feto-fetal transfusion syndrome. 
Prenatal Diagnosis. 1998;18(9):941-6. 
54. Starnes SE, Nardi F, Fitchev P, Plunkett BA, Thorpe C, Wang C-H, et al. Influence of maternal 
obesity and metabolic and vascular mediators in twin-twin transfusion syndrome. Reproductive 
Biology. 2019;19(2):165-72. 
55. Quintero RA, Morales WJ, Allen MH, Bornick PW, Johnson PK, Kruger M. Staging of twin-twin 
transfusion syndrome. J Perinatol. 1999;19(8 Pt 1):550-5. 
56. O'Donoghue K, Cartwright E, Galea P, Fisk NM. Stage I twin–twin transfusion syndrome: 
rates of progression and regression in relation to outcome. Ultrasound in Obstetrics & Gynecology. 
2007;30(7):958-64. 
57. Stirnemann J, Slaghekke F, Khalek N, Winer N, Johnson A, Lewi L, et al. Intrauterine 
fetoscopic laser surgery versus expectant management in stage 1 twin-to-twin transfusion 
syndrome: an international randomized trial. American Journal of Obstetrics & Gynecology. 
2021;224(5):528.e1-.e12. 
58. Saade GR, Belfort MA, Berry DL, Bui TH, Montgomery LD, Johnson A, et al. Amniotic 
Septostomy for the Treatment of Twin Oligohydramnios-Polyhydramnios Sequence. Fetal Diagnosis 
and Therapy. 1998;13(2):86-93. 
59. Wee LY, Fisk NM. The twin–twin transfusion syndrome. Seminars in Neonatology. 
2002;7(3):187-202. 



73 
 

60. Chalouhi GE, Essaoui M, Stirnemann J, Quibel T, Deloison B, Salomon L, et al. Laser therapy 
for twin-to-twin transfusion syndrome (TTTS). Prenatal Diagnosis. 2011;31(7):637-46. 
61. Ville Y, Hecher K, Gagnon A, Sebire N, Hyett J, Nicolaides K. Endoscopic laser coagulation in 
the management of severe twin-to-twin transfusion syndrome. Br J Obstet Gynaecol. 
1998;105(4):446-53. 
62. Senat M-V, Deprest J, Boulvain M, Paupe A, Winer N, Ville Y. Endoscopic Laser Surgery versus 
Serial Amnioreduction for Severe Twin-to-Twin Transfusion Syndrome. New England Journal of 
Medicine. 2004;351(2):136-44. 
63. Di Mascio D, Khalil A, D'Amico A, Buca D, Benedetti Panici P, Flacco ME, et al. Outcome of 
twin–twin transfusion syndrome according to Quintero stage of disease: systematic review and 
meta-analysis. Ultrasound in Obstetrics & Gynecology. 2020;56(6):811-20. 
64. Lewi L. Cord entanglement in monoamniotic twins: does it really matter? Ultrasound in 
Obstetrics & Gynecology. 2010;35(2):139-41. 
65. Overton TG, Denbow ML, Duncan KR, Fisk NM. First-trimester cord entanglement in 
monoamniotic twins. Ultrasound Obstet Gynecol. 1999;13(2):140-2. 
66. NICE. Twin and triplet pregnancy 2019 [Available from: 
https://www.nice.org.uk/guidance/ng137/chapter/Recommendations. 
67. Heyborne KD, Porreco RP, Garite TJ, Phair K, Abril D. Improved perinatal survival of 
monoamniotic twins with intensive inpatient monitoring. American Journal of Obstetrics and 
Gynecology. 2005;192(1):96-101. 
68. Sebire NJ, Snijders RJM, Hughes K, Sepulveda W, Nicolaides KH. The hidden mortality of 
monochorionic twin pregnancies. BJOG: An International Journal of Obstetrics and Gynaecology. 
1997;104(10):1203-7. 
69. Acosta-Rojas R, Becker J, Munoz-Abellana B, Ruiz C, Carreras E, Gratacos E, et al. Twin 
chorionicity and the risk of adverse perinatal outcome. International Journal of Gynecology & 
Obstetrics. 2007;96(2):98-102. 
70. Blickstein I. The Definition, Diagnosis, and Management of Growth-Discordant Twins: An 
International Census Survey. Acta geneticae medicae et gemellologiae: twin research. 1991;40(3-
4):345-51. 
71. De Paepe ME, Shapiro S, Young L, Luks FI. Placental characteristics of selective birth weight 
discordance in diamniotic-monochorionic twin gestations. Placenta. 2010;31(5):380-6. 
72. Fick AL, Feldstein VA, Norton ME, Wassel Fyr C, Caughey AB, Machin GA. Unequal placental 
sharing and birth weight discordance in monochorionic diamniotic twins. American Journal of 
Obstetrics and Gynecology. 2006;195(1):178-83. 
73. Ferraz Liz C, Domingues S, Guedes A, Lopes L. The impact of chorionicity and assisted 
reproductive therapies in obstetric and neonatal outcomes. The Journal of Maternal-Fetal & 
Neonatal Medicine. 2020:1-6. 
74. Wang Y, Wu N, Shen H. A Review of Research Progress of Pregnancy with Twins with 
Preeclampsia. Risk Manag Healthc Policy. 2021;14:1999-2010. 
75. Bdolah Y, Lam C, Rajakumar A, Shivalingappa V, Mutter W, Sachs BP, et al. Twin pregnancy 
and the risk of preeclampsia: bigger placenta or relative ischemia? American Journal of Obstetrics & 
Gynecology. 2008;198(4):428.e1-.e6. 
76. Ramos-Arroyo MA, Ulbright TM, Yu PL, Christian JC. Twin Study: Relationship between Birth 
Weight, Zygosity, Placentation, and Pathologic Placental Changes. Acta geneticae medicae et 
gemellologiae: twin research. 1988;37(3-4):229-38. 
77. Blickstein I, Goldman RD, Mazkereth R. Adaptive growth restriction as a pattern of birth 
weight discordance in twin gestations. Obstetrics & Gynecology. 2000;96(6):986-90. 
78. Björo K, Björo K. Disturbed Intrauterine Growth in Twins: Etiological Aspects. Acta geneticae 
medicae et gemellologiae: twin research. 1985;34(1-2):73-9. 
79. Cordero L, Franco A, Joy SD, O'Shaughnessy RW. Monochorionic Diamniotic Infants Without 
Twin-to-Twin Transfusion Syndrome. Journal of Perinatology. 2005;25(12):753-8. 

https://www.nice.org.uk/guidance/ng137/chapter/Recommendations


74 
 

80. Ribicic R, Kranjcec I, Borosak J, Tumbri J, Mihovilovic Prajz L, Ribicic T. Perinatal outcome of 
singleton versus twin late preterm infants: do twins mature faster than singletons? The Journal of 
Maternal-Fetal & Neonatal Medicine. 2016;29(9):1520-4. 
81. Li Z, Umstad MP, Hilder L, Xu F, Sullivan EA. Australian national birthweight percentiles by 
sex and gestational age for twins, 2001–2010. BMC Pediatrics. 2015;15(1):148. 
82. Bleker OP, Breur W, Huidekoper BL. A study of birth weight, placental weight and mortality 
of twins as compared to singletons. Br J Obstet Gynaecol. 1979;86(2):111-8. 
83. Onyiriuka A. Intrapair birthweight discordance in twins. Annals of African Medicine. 
2009;8(2):110-4. 
84. Goldman RD, Blumrozen E, Blickstein I. The Influence of a Male Twin on Birthweight of its 
Female Co-twin — A Population-based Study. Twin Research. 2003;6(3):173-6. 
85. Loos RJF, Derom C, Eeckels R, Derom R, Vlietinck R. Gestation and Birthweight in Dizygotic 
Twins: Girls Call the Tune. Twin Research and Human Genetics. 2007;10(S1):6-7. 
86. Glinianaia SV, Magnus P, Harris JR, Tambs K. Is there a consequence for fetal growth of 
having an unlike-sexed cohabitant in utero? International Journal of Epidemiology. 1998;27(4):657-9. 
87. Heifetz SA. The umbilical cord: obstetrically important lesions. Clin Obstet Gynecol. 
1996;39(3):571-87. 
88. Loos RJF, Derom C, Derom R, Vlietinck R. Determinants of birthweight and intrauterine 
growth in liveborn twins. Paediatric and Perinatal Epidemiology. 2005;19(s1):15-22. 
89. Loos RJF, Derom C, Derom R, Vlietinck R. Birthweight in liveborn twins: the influence of the 
umbilical cord insertion and fusion of placentas. British Journal of Obstetrics and Gynaecology. 
2001;108(9):943-8. 
90. Boyle B, McConkey R, Garne E, Loane M, Addor MC, Bakker MK, et al. Trends in the 
prevalence, risk and pregnancy outcome of multiple births with congenital anomaly: a registry-based 
study in 14 European countries 1984-2007. BJOG. 2013;120(6):707-16. 
91. Jung Y, Lee S, Oh S, Lyoo S, Park C-W, Lee S, et al. The concordance rate of non-chromosomal 
congenital malformations in twins based on zygosity: a retrospective cohort study. BJOG: An 
International Journal of Obstetrics & Gynaecology. 2021;128(5):857-64. 
92. Homatter C, Robillard P-Y, Omarjee A, Schweizer C, Boukerrou M, Cuillier F, et al. Discordant 
malformations in monochorionic twins: a retrospective cohort study in La Reunion Island. The 
Journal of Maternal-Fetal & Neonatal Medicine. 2020;33(24):4069-75. 
93. Cheong-See F, Schuit E, Arroyo-Manzano D, Khalil A, Barrett J, Joseph KS, et al. Prospective 
risk of stillbirth and neonatal complications in twin pregnancies: systematic review and meta-
analysis. BMJ. 2016;354:i4353. 
94. Rettwitz-Volk W, Tran TM, Veldman A. Cerebral morbidity in preterm twins. Journal of 
Maternal-Fetal and Neonatal Medicine. 2003;13(4):218-23. 
95. Copper RL, Goldenberg RL, Creasy RK, DuBard MB, Davis RO, Entman SS, et al. A multicenter 
study of preterm birth weight and gestational age—specific neonatal mortality. American Journal of 
Obstetrics and Gynecology. 1993;168(1, Part 1):78-84. 
96. Chen X, Zhang X, Li W, Li W, Wang Y, Zhang S, et al. Iatrogenic vs. Spontaneous Preterm 
Birth: A Retrospective Study of Neonatal Outcome Among Very Preterm Infants. Frontiers in 
Neurology. 2021;12(380). 
97. Wen SW, Smith G, Yang Q, Walker M. Epidemiology of preterm birth and neonatal outcome. 
Seminars in Fetal and Neonatal Medicine. 2004;9(6):429-35. 
98. Marleen S, Hettiarachchi J, Dandeniya R, Macgreggor R, Aquilina J, Khalil A, et al. Maternal 
clinical predictors of preterm birth in twin pregnancies: A systematic review involving 2,930,958 twin 
pregnancies. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2018;230:159-
71. 
99. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller A-B, et al. Born Too Soon: The 
global epidemiology of 15 million preterm births. Reproductive Health. 2013;10(1):S2. 



75 
 

100. Martinka D, Barrett J, Mei-dan E, Zaltz A, Melamed N. Respiratory morbidity in late preterm 
twin infants. Archives of Gynecology and Obstetrics. 2019;300(2):337-45. 
101. Consortium on Safe L, Hibbard JU, Wilkins I, Sun L, Gregory K, Haberman S, et al. Respiratory 
morbidity in late preterm births. JAMA. 2010;304(4):419-25. 
102. McGowan JE, Alderdice FA, Holmes VA, Johnston L. Early childhood development of late-
preterm infants: a systematic review. Pediatrics. 2011;127(6):1111-24. 
103. World Health Organisation. Born too soon: The global action report on preterm birth. 2012. 
104. Challis JRG, Lye SJ, Gibb W, Whittle W, Patel F, Alfaidy N. Understanding Preterm Labor. 
Annals of the New York Academy of Sciences. 2001;943(1):225-34. 
105. Goldenberg RL, Rouse DJ. Preterm birth, cerebral palsy and magnesium. Nature Medicine. 
1997;3(2):146-7. 
106. Himpens E, Van den Broeck C, Oostra A, Calders P, Vanhaesebrouck P. Prevalence, type, 
distribution, and severity of cerebral palsy in relation to gestational age: a meta-analytic review. Dev 
Med Child Neurol. 2008;50(5):334-40. 
107. Ancel PY. [Severe sensorineural impairment in very premature infants: epidemiological 
aspects]. J Gynecol Obstet Biol Reprod (Paris). 2004;33(6 Pt 1):461-74. 
108. Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand KJ. Cognitive and behavioral outcomes 
of school-aged children who were born preterm: a meta-analysis. JAMA. 2002;288(6):728-37. 
109. Foulder-Hughes LA, Cooke RW. Motor, cognitive, and behavioural disorders in children born 
very preterm. Dev Med Child Neurol. 2003;45(2):97-103. 
110. Mechoulam H, Pierce EA. Retinopathy of prematurity: molecular pathology and therapeutic 
strategies. Am J Pharmacogenomics. 2003;3(4):261-77. 
111. Breeman LD, Jaekel J, Baumann N, Bartmann P, Wolke D. Preterm Cognitive Function Into 
Adulthood. Pediatrics. 2015;136(3):415-23. 
112. Santos A, Duret M, Mancini J, Gire C, Deruelle C. Preterm birth affects dorsal-stream 
functioning even after age 6. Brain and Cognition. 2009;69(3):490-4. 
113. Boyle EM, Poulsen G, Field DJ, Kurinczuk JJ, Wolke D, Alfirevic Z, et al. Effects of gestational 
age at birth on health outcomes at 3 and 5 years of age: population based cohort study. BMJ. 
2012;344:e896. 
114. Marlow N, Wolke D, Bracewell MA, Samara M. Neurologic and Developmental Disability at 
Six Years of Age after Extremely Preterm Birth. New England Journal of Medicine. 2005;352(1):9-19. 
115. Walsh MC, Wilson-Costello D, Zadell A, Newman N, Fanaroff A. Safety, Reliability, and 
Validity of a Physiologic Definition of Bronchopulmonary Dysplasia. Journal of Perinatology. 
2003;23(6):451-6. 
116. Shennan AT, Dunn MS, Ohlsson A, Lennox K, Hoskins EM. Abnormal Pulmonary Outcomes in 
Premature Infants: Prediction From Oxygen Requirement in the Neonatal Period. Pediatrics. 
1988;82(4):527-32. 
117. vom Hove M, Prenzel F, Uhlig HH, Robel-Tillig E. Pulmonary Outcome in Former Preterm, 
Very Low Birth Weight Children with Bronchopulmonary Dysplasia: A Case-Control Follow-Up 
at School Age. The Journal of Pediatrics. 2014;164(1):40-5.e4. 
118. Treyvaud K, Spittle A, Anderson PJ, O'Brien K. A multilayered approach is needed in the NICU 
to support parents after the preterm birth of their infant. Early Human Development. 
2019;139:104838. 
119. Treyvaud K. Parent and family outcomes following very preterm or very low birth weight 
birth: A review. Seminars in Fetal and Neonatal Medicine. 2014;19(2):131-5. 
120. Pierrehumbert B, Nicole A, Muller-Nix C, Forcada-Guex M, Ansermet F. Parental post-
traumatic reactions after premature birth: Implications for sleeping and eating problems in the 
infant. Archives of Disease in Childhood: Fetal and Neonatal Edition. 2003;88(5):F400-F4. 
121. O'Hara MW, Swain AM. Rates and risk of postpartum depression—a meta-analysis. 
International Review of Psychiatry. 1996;8(1):37-54. 



76 
 

122. Helle N, Barkmann C, Bartz-Seel J, Diehl T, Ehrhardt S, Hendel A, et al. Very low birth-weight 
as a risk factor for postpartum depression four to six weeks postbirth in mothers and fathers: Cross-
sectional results from a controlled multicentre cohort study. Journal of Affective Disorders. 
2015;180:154-61. 
123. Mangham LJ, Petrou S, Doyle LW, Draper ES, Marlow N. The cost of preterm birth 
throughout childhood in England and Wales. Pediatrics. 2009;123(2):e312-27. 
124. Tommiska V, Tuominen R, Fellman V. Economic costs of care in extremely low birthweight 
infants during the first 2 years of life. Pediatr Crit Care Med. 2003;4(2):157-63. 
125. Furman L, Baley J, Borawski-Clark E, Aucott S, Hack M. Hospitalization as a measure of 
morbidity among very low birth weight infants with chronic lung disease. The Journal of Pediatrics. 
1996;128(4):447-52. 
126. Petrou S, Abangma G, Johnson S, Wolke D, Marlow N. Costs and health utilities associated 
with extremely preterm birth: evidence from the EPICure study. Value Health. 2009;12(8):1124-34. 
127. Stock S, Norman J. Preterm and term labour in multiple pregnancies. Seminars in Fetal and 
Neonatal Medicine. 2010;15(6):336-41. 
128. Ananth CV, Kirby RS, Vintzileos AM. Recurrence of preterm birth in twin pregnancies in the 
presence of a prior singleton preterm birth. The Journal of Maternal-Fetal & Neonatal Medicine. 
2008;21(5):289-95. 
129. Schaaf J, Hof M, Mol B, Abu-Hanna A, Ravelli A. Recurrence risk of preterm birth in 
subsequent twin pregnancy after preterm singleton delivery. BJOG: An International Journal of 
Obstetrics & Gynaecology. 2012;119(13):1624-9. 
130. Premru-Srsen T, Verdenik I, Steblovnik L, Ban-Frangez H. Early prediction of spontaneous 
twin very preterm birth: a population based study 2002–2012. The Journal of Maternal-Fetal & 
Neonatal Medicine. 2015;28(15):1784-9. 
131. Goldenberg RL, Iams JD, Miodovnik M, Van Dorsten JP, Thurnau G, Bottoms S, et al. The 
preterm prediction study: Risk factors in twin gestations. American Journal of Obstetrics and 
Gynecology. 1996;175(4, Part 1):1047-53. 
132. Marleen S, Dias C, MacGregor R, Allotey J, Aquilina J, Khalil A, et al. Biochemical predictors of 
preterm birth in twin pregnancies: A systematic review involving 6077 twin pregnancies. European 
Journal of Obstetrics & Gynecology and Reproductive Biology. 2020;250:130-42. 
133. Michaluk A, Dionne MD, Gazdovich S, Buch D, Ducruet T, Leduc L. Predicting Preterm Birth in 
Twin Pregnancy: Was the Previous Birth Preterm? A Canadian Experience. Journal of Obstetrics and 
Gynaecology Canada. 2013;35(9):793-801. 
134. Xiong X, Dickey RP, Pridjian G, Buekens P. Maternal age and preterm births in singleton and 
twin pregnancies conceived by in vitro fertilisation in the United States. Paediatric and Perinatal 
Epidemiology. 2015;29(1):22-30. 
135. Pinzauti S, Ferrata C, Vannuccini S, Di Rienzo G, Severi FM, Petraglia F, et al. Twin 
pregnancies after assisted reproductive technologies: the role of maternal age on pregnancy 
outcome. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2016;206:198-
203. 
136. Berkovitz A, Hershko-Klement A, Fejgin M. Nulliparity, fertility treatments and twins: a time 
for rethinking. Fertility and Sterility. 2010;93(6):1957-60. 
137. Boulet SL, Schieve LA, Nannini A, Ferre C, Devine O, Cohen B, et al. Perinatal outcomes of 
twin births conceived using assisted reproduction technology: a population-based study. Hum 
Reprod. 2008;23(8):1941-8. 
138. Haghighi L, Najmi Z, Barzegar SH, Barzegar N. Twin's sex and risk of pre-term birth. Journal of 
Obstetrics and Gynaecology. 2013;33(8):823-6. 
139. Tan H, Wen SW, Mark W, Fung KFK, Demissie K, Rhoads GG. The Association Between Fetal 
Sex and Preterm Birth in Twin Pregnancies. Obstetrics & Gynecology. 2004;103(2). 
140. Loos RJF, Derom C, Eeckels R, Derom R, Vlietinck R. Length of gestation and birthweight in 
dizygotic twins. The Lancet. 2001;358(9281):560-1. 



77 
 

141. Wisborg K, Henriksen TB, Secher NJ. Maternal smoking and gestational age in twin 
pregnancies. Acta Obstet Gynecol Scand. 2001;80(10):926-30. 
142. Powers WF, Kiely JL. The risks confronting twins: a national perspective. Am J Obstet 
Gynecol. 1994;170(2):456-61. 
143. Flenady V, Wojcieszek AM, Middleton P, Ellwood D, Erwich JJ, Coory M, et al. Stillbirths: 
recall to action in high-income countries. Lancet. 2016;387(10019):691-702. 
144. Cheong-See F, Schuit E, Arroyo-Manzano D, Khalil A, Barrett J, Joseph KS, et al. Prospective 
risk of stillbirth and neonatal complications in twin pregnancies: systematic review and meta-
analysis. BMJ. 2016;354:i4353. 
145. NICE. Preterm labour and birth. NICE guidance; 2019. 
146. Simpson LL. Ultrasound in twins: Dichorionic and monochorionic. Seminars in Perinatology. 
2013;37(5):348-58. 
147. Machin GA. Why is it important to diagnose chorionicity and how do we do it? Best Practice 
& Research Clinical Obstetrics & Gynaecology. 2004;18(4):515-30. 
148. Robinson HP, Fleming JE. A critical evaluation of sonar "crown-rump length" measurements. 
Br J Obstet Gynaecol. 1975;82(9):702-10. 
149. Baghdadi S, Gee H, Whittle MJ, Khan KS. Twin pregnancy outcome and chorionicity. Acta 
Obstetricia et Gynecologica Scandinavica. 2003;82(1):18-21. 
150. Oldenburg A, Rode L, Bødker B, Ersbak V, Holmskov A, Jørgensen FS, et al. Influence of 
chorionicity on perinatal outcome in a large cohort of Danish twin pregnancies. Ultrasound in 
Obstetrics & Gynecology. 2012;39(1):69-74. 
151. NICE. Fertility NICE Pathways2021 [Available from: 
https://pathways.nice.org.uk/pathways/fertility#path=view%3A/pathways/fertility/embryo-transfer-
strategies-during-in-vitro-fertilisation-treatment.xml&content=view-node%3Anodes-deciding-how-
many-embryos-to-transfer. 
152. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: Final Data for 2018. Natl Vital Stat 
Rep. 2019;68(13):1-47. 
153. Lutfi S, Allen VM, Fahey J, O'Connell CM, Vincer MJ. Twin–Twin Transfusion Syndrome: A 
Population-Based Study. Obstetrics & Gynecology. 2004;104(6). 
154. Russo FM, Pozzi E, Pelizzoni F, Todyrenchuk L, Bernasconi DP, Cozzolino S, et al. Stillbirths in 
singletons, dichorionic and monochorionic twins: a comparison of risks and causes. European Journal 
of Obstetrics and Gynecology and Reproductive Biology. 2013;170(1):131-6. 
155. Glinianaia SV, Obeysekera MA, Sturgiss S, Bell R. Stillbirth and neonatal mortality in 
monochorionic and dichorionic twins: a population-based study. Human Reproduction. 
2011;26(9):2549-57. 
156. Lee YM, Wylie BJ, Simpson LL, D'Alton ME. Twin chorionicity and the risk of stillbirth. Obstet 
Gynecol. 2008;111(2 Pt 1):301-8. 
157. Morikawa M, Yamada T, Yamada T, Sato S, Cho K, Minakami H. Prospective risk of stillbirth: 
monochorionic diamniotic twins vs. dichorionic twins. J Perinat Med. 2012;40(3):245-9. 
158. Leduc L, Takser L, Rinfret D. Persistance of adverse obstetric and neonatal outcomes in 
monochorionic twins after exclusion of disorders unique to monochorionic placentation. American 
Journal of Obstetrics & Gynecology. 2005;193(5):1670-5. 
159. Korlesky C, McPherson E. Early demise of twins in a cohort of stillbirths and second trimester 
miscarriages. Am J Med Genet A. 2019;179(3):350-5. 
160. Sperling L, Kiil C, Larsen LU, Qvist I, Schwartz M, Jørgensen C, et al. Naturally conceived twins 
with monochorionic placentation have the highest risk of fetal loss. Ultrasound Obstet Gynecol. 
2006;28(5):644-52. 
161. Fusi L, Gordon H. Twin pregnancy complicated by single intrauterine death. Problems and 
outcome with conservative management. Br J Obstet Gynaecol. 1990;97(6):511-6. 

https://pathways.nice.org.uk/pathways/fertility#path=view%3A/pathways/fertility/embryo-transfer-strategies-during-in-vitro-fertilisation-treatment.xml&content=view-node%3Anodes-deciding-how-many-embryos-to-transfer
https://pathways.nice.org.uk/pathways/fertility#path=view%3A/pathways/fertility/embryo-transfer-strategies-during-in-vitro-fertilisation-treatment.xml&content=view-node%3Anodes-deciding-how-many-embryos-to-transfer
https://pathways.nice.org.uk/pathways/fertility#path=view%3A/pathways/fertility/embryo-transfer-strategies-during-in-vitro-fertilisation-treatment.xml&content=view-node%3Anodes-deciding-how-many-embryos-to-transfer


78 
 

162. Bajoria R, Wee LY, Anwar S, Ward S. Outcome of twin pregnancies complicated by single 
intrauterine death in relation to vascular anatomy of the monochorionic placenta. Human 
Reproduction. 1999;14(8):2124-30. 
163. Korlesky C, McPherson E. Early demise of twins in a cohort of stillbirths and second trimester 
miscarriages. American Journal of Medical Genetics, Part A. 2019;179(3):350-5. 
164. Borse V, Shanks AL. Twin-To-Twin Transfusion Syndrome.  StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2021. 
165. Tummers P, Sutter PD, Dhont M. Risk of spontaneous abortion in singleton and twin 
pregnancies after IVF/ICSI. Human Reproduction. 2003;18(8):1720-3. 
166. D'Antonio F, Khalil A, Dias T, Thilaganathan B, Collaborative tSTOR. Early fetal loss in 
monochorionic and dichorionic twin pregnancies: analysis of the Southwest Thames Obstetric 
Research Collaborative (STORK) multiple pregnancy cohort. Ultrasound in Obstetrics & Gynecology. 
2013;41(6):632-6. 
167. Carroll SG, Tyfield L, Reeve L, Porter H, Soothill P, Kyle PM. Is zygosity or chorionicity the 
main determinant of fetal outcome in twin pregnancies? Am J Obstet Gynecol. 2005;193(3 Pt 1):757-
61. 
168. Quinn J-A, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, et al. Preterm birth: Case 
definition & guidelines for data collection, analysis, and presentation of immunisation safety data. 
Vaccine. 2016;34(49):6047-56. 
169. Kiserud T, Piaggio G, Carroli G, Widmer M, Carvalho J, Neerup Jensen L, et al. The World 
Health Organization Fetal Growth Charts: A Multinational Longitudinal Study of Ultrasound 
Biometric Measurements and Estimated Fetal Weight. PLOS Medicine. 2017;14(1):e1002220. 
170. Chawanpaiboon S, Vogel JP, Moller A-B, Lumbiganon P, Petzold M, Hogan D, et al. Global, 
regional, and national estimates of levels of preterm birth in 2014: a systematic review and 
modelling analysis. Lancet Glob Health. 2019;7(1):e37-e46. 
171. Stensvold HJ, Klingenberg C, Stoen R, Moster D, Braekke K, Guthe HJ, et al. Neonatal 
Morbidity and 1-Year Survival of Extremely Preterm Infants. Pediatrics. 2017;139(3):e20161821. 
172. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national causes of 
under-5 mortality in 2000&2013;15: an updated systematic analysis with implications for the 
Sustainable Development Goals. The Lancet. 2016;388(10063):3027-35. 
173. Chowdhury S, Hussain MA. Maternal complications in twin pregnancies. Mymensingh Med J. 
2011;20(1):83-7. 
174. Breathnach FM, McAuliffe FM, Geary M, Daly S, Higgins JR, Dornan J, et al. Optimum Timing 
for Planned Delivery of Uncomplicated Monochorionic and Dichorionic Twin Pregnancies. Obstetrics 
& Gynecology. 2012;119(1):50-9. 
175. Conde-Agudelo A, Romero R, Hassan SS, Yeo L. Transvaginal sonographic cervical length for 
the prediction of spontaneous preterm birth in twin pregnancies: a systematic review and 
metaanalysis. American Journal of Obstetrics and Gynecology. 2010;203(2):128.e1-.e12. 
176. Public health England. FASP laboratory handbook GOV.UK2019 [Available from: 
https://www.gov.uk/government/publications/fetal-anomaly-screening-laboratory-handbook-
downs-edwards-and-pataus-syndromes/fetal-anomaly-screening-laboratory-handbook#screening-
tests. 
177. NICE. Multiple pregnancy: twin and triplet pregnancies 2013 [Available from: 
https://www.nice.org.uk/sharedlearning/liverpool-women-s-foundation-trust-s-multiple-pregnancy-
service. 
178. Zhang CY, Wei Y, Zhao YY. [Clinical characteristics and outcomes of monochorionic 
monoamniotic twin pregnancy]. Zhonghua Fu Chan Ke Za Zhi. 2020;55(9):627-32. 
179. Glinianaia SV, Rankin J, Khalil A, Binder J, Waring G, Sturgiss SN, et al. Prevalence, antenatal 
management and perinatal outcome of monochorionic monoamniotic twin pregnancy: a 
collaborative multicenter study in England, 2000–2013. Ultrasound in Obstetrics & Gynecology. 
2019;53(2):184-92. 

https://www.gov.uk/government/publications/fetal-anomaly-screening-laboratory-handbook-downs-edwards-and-pataus-syndromes/fetal-anomaly-screening-laboratory-handbook#screening-tests
https://www.gov.uk/government/publications/fetal-anomaly-screening-laboratory-handbook-downs-edwards-and-pataus-syndromes/fetal-anomaly-screening-laboratory-handbook#screening-tests
https://www.gov.uk/government/publications/fetal-anomaly-screening-laboratory-handbook-downs-edwards-and-pataus-syndromes/fetal-anomaly-screening-laboratory-handbook#screening-tests
https://www.nice.org.uk/sharedlearning/liverpool-women-s-foundation-trust-s-multiple-pregnancy-service
https://www.nice.org.uk/sharedlearning/liverpool-women-s-foundation-trust-s-multiple-pregnancy-service


79 
 

180. Khalil A, Rodgers M, Baschat A, Bhide A, Gratacos E, Hecher K, et al. ISUOG Practice 
Guidelines: role of ultrasound in twin pregnancy. Ultrasound in Obstetrics & Gynecology. 
2016;47(2):247-63. 
181. Refuerzo JS, Momirova V, Peaceman AM, Sciscione A, Rouse DJ, Caritis SN, et al. Neonatal 
outcomes in twin pregnancies delivered moderately preterm, late preterm, and term. Am J 
Perinatol. 2010;27(7):537-42. 
182. Esteves-Pereira AP, da Cunha AJLA, Nakamura-Pereira M, Moreira ME, Domingues RMSM, 
Viellas EF, et al. Twin pregnancy and perinatal outcomes: Data from 'Birth in Brazil Study'. PLoS One. 
2021;16(1):e0245152-e. 
183. Kazemier B, Buijs P, Mignini L, Limpens J, de Groot C, Mol B, et al. Impact of obstetric history 
on the risk of spontaneous preterm birth in singleton and multiple pregnancies: a systematic review. 
BJOG: An International Journal of Obstetrics & Gynaecology. 2014;121(10):1197-208. 
184. Ananth CV, Kirby RS, Vintzileos AM. Recurrence of preterm birth in twin pregnancies in the 
presence of a prior singleton preterm birth. J Matern Fetal Neonatal Med. 2008;21(5):289-95. 
185. Bloom SL, Yost NP, McIntire DD, Leveno KJ. Recurrence of preterm birth in singleton and 
twin pregnancies. Obstetrics & Gynecology. 2001;98(3):379-85. 
186. Hannouh A, Usta IM, Awwad J, Moukalled D, Yahya F, Jurdi A, et al. Effect of parity on 
maternal and neonatal outcomes in twin gestations. Acta Obstetricia et Gynecologica Scandinavica. 
2012;91(1):117-21. 
187. Marleen S, Hettiarachchi J, Dandeniya R, Macgreggor R, Aquilina J, Khalil A, et al. Maternal 
clinical predictors of preterm birth in twin pregnancies: A systematic review involving 2,930,958 twin 
pregnancies. European Journal of Obstetrics and Gynecology and Reproductive Biology. 
2018;230:159-71. 
188. Lucovnik M, Blickstein I, Verdenik I, Trojner-Bregar A, Tul N. Maternal obesity in singleton 
versus twin gestations: a population-based matched case–control study. The Journal of Maternal-
Fetal & Neonatal Medicine. 2015;28(6):623-5. 
189. Suzuki S, Inde Y, Miyake H. Maternal obesity as a risk factor for very pre-term delivery in 
dichorionic twin pregnancies. Journal of Obstetrics and Gynaecology. 2010;30(4):354-6. 
190. McLennan AS, Gyamfi-Bannerman C, Ananth CV, Wright JD, Siddiq Z, D'Alton ME, et al. The 
role of maternal age in twin pregnancy outcomes. American journal of obstetrics and gynecology. 
2017;217(1):80.e1-.e8. 
191. Lisonkova S, Sheps SB, Janssen PA, Lee SK, Dahlgren L. Effect of older maternal age on birth 
outcomes in twin pregnancies: a population-based study. Journal of Perinatology. 2011;31(2):85-91. 
192. Delbaere I, Verstraelen H, Goetgeluk S, Martens G, Derom C, De Bacquer D, et al. Perinatal 
outcome of twin pregnancies in women of advanced age. Human Reproduction. 2008;23(9):2145-50. 
193. Zipori Y, Linder R, Khatib N, Weiner Z, Barzilay E. Advanced maternal age and perinatal 
outcome in twin pregnancies: a meta-analysis. The Journal of Maternal-Fetal & Neonatal Medicine. 
2020;33(18):3193-9. 
194. Elfenbein DS, Felice ME. Adolescent pregnancy. Pediatric Clinics of North America. 
2003;50(4):781-800. 
195. Fraser AM, Brockert JE, Ward RH. Association of Young Maternal Age with Adverse 
Reproductive Outcomes. New England Journal of Medicine. 1995;332(17):1113-8. 
196. Chen X-K, Wen SW, Fleming N, Demissie K, Rhoads GG, Walker M. Teenage pregnancy and 
adverse birth outcomes: a large population based retrospective cohort study. International Journal 
of Epidemiology. 2007;36(2):368-73. 
197. Assunção RA, Liao AW, Brizot Mde L, Krebs VL, Zugaib M. Perinatal outcome of twin 
pregnancies delivered in a teaching hospital. Rev Assoc Med Bras (1992). 2010;56(4):447-51. 
198. Kosińska-Kaczyńska K, Szymusik I, Bomba-Opoń D, Olejek A, Sławska H, Zimmer M, et al. 
Perinatal outcome according to chorionicity in twins - a Polish multicenter study. Ginekol Pol. 
2016;87(5):384-9. 



80 
 

199. Coutinho Nunes F, Domingues AP, Vide Tavares M, Belo A, Ferreira C, Fonseca E, et al. 
Monochorionic versus dichorionic twins: Are obstetric outcomes always different? Journal of 
Obstetrics and Gynaecology. 2016;36(5):598-601. 
200. Soneji S, Beltrán-Sánchez H. Association of Maternal Cigarette Smoking and Smoking 
Cessation With Preterm Birth. JAMA Netw Open. 2019;2(4):e192514. 
201. Delnord M, Zeitlin J. Epidemiology of late preterm and early term births – An international 
perspective. Seminars in Fetal and Neonatal Medicine. 2019;24(1):3-10. 
202. van Zijl MD, Koullali B, Oudijk MA, Ravelli ACJ, Mol BWJ, Pajkrt E, et al. Trends in preterm 
birth in singleton and multiple gestations in the Netherlands 2008&#x2013;2015: A population-
based study. European Journal of Obstetrics and Gynecology and Reproductive Biology. 
2020;247:111-5. 
203. Verburg PE, Dekker GA, Venugopal K, Scheil W, Erwich J, Mol BW, et al. Long-term Trends in 
Singleton Preterm Birth in South Australia From 1986 to 2014. Obstet Gynecol. 2018;131(1):79-89. 
204. Delnord M, Mortensen L, Hindori-Mohangoo AD, Blondel B, Gissler M, Kramer MR, et al. 
International variations in the gestational age distribution of births: an ecological study in 34 high-
income countries. European Journal of Public Health. 2017;28(2):303-9. 
205. Gardner MO, Goldenberg RL, Cliver SP, Tucker JM, Nelson KG, Copper RL. The origin and 
outcome of preterm twin pregnancies. Obstet Gynecol. 1995;85(4):553-7. 
206. Marleen S, Dias C, Nandasena R, MacGregor R, Allotey J, Aquilina J, et al. Association 
between chorionicity and preterm birth in twin pregnancies: a systematic review involving 29 864 
twin pregnancies. Bjog. 2021;128(5):788-96. 
207. Mackie FL, Rigby A, Morris RK, Kilby MD. Prognosis of the co-twin following spontaneous 
single intrauterine fetal death in twin pregnancies: a systematic review and meta-analysis. Bjog. 
2019;126(5):569-78. 
208. Lee Y-J, Kim M-N, Kim Y-M, Sung J-H, Choi S-J, Oh S-Y, et al. Perinatal outcome of twin 
pregnancies according to maternal age. Obstet Gynecol Sci. 2019;62(2):93-102. 
209. Erez O, Mayer A, Shoham-Vardi I, Dukler D, Mazor M. Primiparity, assisted reproduction, and 
preterm birth in twin pregnancies: a population based study. Arch Gynecol Obstet. 2008;277(4):311-
7. 
210. Tarter JG, Khoury A, Barton JR, Jacques DL, Sibai BM. Demographic and obstetric factors 
influencing pregnancy outcome in twin gestations. American Journal of Obstetrics and Gynecology. 
2002;186(5):910-2. 
211. Erez O, Mayer A, Shoham-Vardi I, Dukler D, Mazor M. Primiparity, assisted reproduction, and 
preterm birth in twin pregnancies: a population based study. Archives of Gynecology and Obstetrics. 
2008;277(4):311-7. 
212. Phillips C, Velji Z, Hanly C, Metcalfe A. Risk of recurrent spontaneous preterm birth: a 
systematic review and meta-analysis. BMJ Open. 2017;7(6):e015402-e. 
213. Sung SJ, Lee SM, Kim S, Kim BJ, Park CW, Park JS, et al. The Risk of Spontaneous Preterm 
Birth according to Maternal Pre-pregnancy Body Mass Index in Twin Gestations. J Korean Med Sci. 
2018;33(13):e103-e. 
214. Liu B, Xu G, Sun Y, Du Y, Gao R, Snetselaar LG, et al. Association between maternal pre-
pregnancy obesity and preterm birth according to maternal age and race or ethnicity: a population-
based study. Lancet Diabetes Endocrinol. 2019;7(9):707-14. 
215. Hester AE, Ankumah NE, Chauhan SP, Blackwell SC, Sibai BM. Twin transvaginal cervical 
length at 16-20 weeks and prediction of preterm birth. J Matern Fetal Neonatal Med. 
2019;32(4):550-4. 
216. Meller C, Izbizky G, Aiello H, Otaño L. Cervical-length as a screening for spontaneous preterm 
birth in uncomplicated twins: one vs. serial measurements. The Journal of Maternal-Fetal & 
Neonatal Medicine. 2020:1-7. 



81 
 

217. Kindinger LM, Poon LC, Cacciatore S, MacIntyre DA, Fox NS, Schuit E, et al. The effect of 
gestational age and cervical length measurements in the prediction of spontaneous preterm birth in 
twin pregnancies: an individual patient level meta-analysis. BJOG. 2016;123(6):877-84. 
218. Kuhrt K, Hezelgrave-Elliott N, Stock SJ, Tribe R, Seed PT, Shennan AH. Quantitative fetal 
fibronectin for prediction of preterm birth in asymptomatic twin pregnancy. Acta Obstetricia et 
Gynecologica Scandinavica. 2020;99(9):1191-7. 
219. Opondo C, Gray R, Hollowell J, Li Y, Kurinczuk JJ, Quigley MA. Joint contribution of 
socioeconomic circumstances and ethnic group to variations in preterm birth, neonatal mortality 
and infant mortality in England and Wales: a population-based retrospective cohort study using 
routine data from 2006 to 2012. BMJ Open. 2019;9(7):e028227-e. 
220. Beyerlein A, Lack N, Maier W. Associations of area-level deprivation with adverse obstetric 
and perinatal outcomes in Bavaria, Germany: Results from a cross-sectional study. PLoS One. 
2020;15(7):e0236020-e. 
221. Wu F-T, Chen Y-Y, Chen C-P, Sun F-J, Chen C-Y. Outcomes of ultrasound-indicated cerclage in 
twin pregnancies with a short cervical length. Taiwanese Journal of Obstetrics and Gynecology. 
2020;59(4):508-13. 
222. Li C, Shen J, Hua K. Cerclage for women with twin pregnancies: a systematic review and 
metaanalysis. American Journal of Obstetrics and Gynecology. 2019;220(6):543-57.e1. 
223. D’Antonio F, Berghella V, Di Mascio D, Saccone G, Sileo F, Flacco ME, et al. Role of 
progesterone, cerclage and pessary in preventing preterm birth in twin pregnancies: A systematic 
review and network meta-analysis. European Journal of Obstetrics & Gynecology and Reproductive 
Biology. 2021;261:166-77. 
224. Romero R, Conde-Agudelo A, El-Refaie W, Rode L, Brizot ML, Cetingoz E, et al. Vaginal 
progesterone decreases preterm birth and neonatal morbidity and mortality in women with a twin 
gestation and a short cervix: an updated meta-analysis of individual patient data. Ultrasound in 
Obstetrics & Gynecology. 2017;49(3):303-14. 
225. Rehal A, Benkő Z, De Paco Matallana C, Syngelaki A, Janga D, Cicero S, et al. Early vaginal 
progesterone versus placebo in twin pregnancies for the prevention of spontaneous preterm birth: a 
randomized, double-blind trial. American Journal of Obstetrics and Gynecology. 2021;224(1):86.e1-
.e19. 
226. Norman JE, Norrie J, MacLennan G, Cooper D, Whyte S, Chowdhry S, et al. Evaluation of the 
Arabin cervical pessary for prevention of preterm birth in women with a twin pregnancy and short 
cervix (STOPPIT-2): An open-label randomised trial and updated meta-analysis. PLoS Med. 
2021;18(3):e1003506-e. 

 


