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Abstract

With increasing use of in vitro fertilization and intracytoplasmic sperm injection (IVF-ICSI) 

almost 2% of all babies born in the United States each year are now conceived with these 

technologies, making outcomes of IVF-ICSI extremely important not only to patients and families 

but to public health. Twin pregnancy rates after IVF-ICSI in the United States have declined since 

their peak in 2013 but remain at approximately 1 in 10 to 1 in 20 pregnancies. A review of 

the current international literature on twin versus singleton pregnancy outcomes after IVF-ICSI 

treatment confirms statistically significantly higher risks to maternal and perinatal health and 

statistically significantly higher health care costs. The field of infertility care should continue to 

work to develop practices that lower twin pregnancy rates to an absolute minimum to maximize 

the safety of these medical treatments.
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In spontaneously conceived pregnancies, monozygous twining happens about 0.4% of the 

time and dizygous twinning 1.2% of the time (1). The former rate is relatively stable across 

populations while the latter rate varies by maternal age and parity, race, sex of the embryos, 

and season. In addition, and most remarkably, the rate of dizygous twin pregnancies can 

be increased iatrogenically when ovarian hyperstimulation or multiple embryo transfer after 

in vitro fertilization (IVF) is used to increase the efficiency of fertility treatment (2). Such 

treatments also increase the rates of triplet and higher order multiple gestation pregnancies.
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For the first two decades after such fertility treatments were introduced in the United States 

in the early 1980s, the rate of twin pregnancies nearly doubled, and the rate of triplet and 

higher order multiple gestation pregnancies quadrupled in the United States. Triplet and 

higher order multiple gestation birth rates began to fall in 1998, but twin rates continued 

to climb during the new millennium (3). Although a trend in increasing maternal age 

was responsible for a small part of these increases, practices in fertility treatment and the 

increasing rate of use of these treatments were the biggest factors responsible (4). Indeed, 

fertility treatment was the reason for one-third of all twin pregnancies and three quarters 

of all triplet and higher order multiple gestation pregnancies in the United States by 2013, 

when the percentage of twin live births from IVF ranged from 8.2% for women older than 

42 years to 28.3% for women younger than 35 years (5, 6).

Thanks to an increasing awareness of the risks of multiple gestation pregnancies and efforts 

from leadership in the field of infertility care to encourage practice changes, twin rates 

have begun to decline slowly but steadily since that time. Preliminary 2018 data (pregnancy 

rates per procedure performed) from the Society for Assisted Reproductive Technology 

(SART) show a range of twin live-birth rates from 5.1% for women older than 42 years 

to 10.4% for women younger than 35 years (7). While laudable, the goal of our fertility 

treatments is to return our patients to normal health and well-being with one healthy baby 

per pregnancy. With that goal in mind, it is valuable to review the full scope of available 

international data on the risks of twin, triplet, and higher order multiple pregnancies for 

women, their pregnancies, their offspring, and their families, and to consider the increased 

costs to families and health care system.

MATERIALS AND METHODS

Literature search

We performed a review to identify studies of maternal and fetal outcomes for twin and 

multiple pregnancies compared with singleton pregnancies. The electronic databases OVID 

Medline and OVID EMBASE were searched for primary articles published from inception 

until February 2020. We performed a search using the MeSH terms “assisted reproductive 

techniques” AND “multiple pregnancy.” We subsequently supplemented the search with 

text words to include different outcomes associated with maternal morbidity and mortality; 

fetal morbidity and mortality; and social and societal outcomes. The different maternal and 

fetal outcomes covered within the scope of this review are listed in the data extraction 

section. The search strategy (search terms and corresponding MeSH terms) is detailed in 

Supplemental Tables 1 and 2 (available online). The reference lists of all eligible studies 

were hand-searched to identify any additional studies.

Study selection

An overview of study inclusion is detailed in Figure 1. We included studies that met the 

following criteria: all studies where women achieved a pregnancy after assisted reproductive 

technology (ART) treatment; the pregnancy resulted in twins, triplets, or a higher order 

pregnancy; the outcome variable specifically related to maternal or fetal aspects (morbidity 

or mortality); and the respective studies (registry and cohort studies) had categorical 
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data that distinguished singleton pregnancy outcomes from twin pregnancy outcomes (for 

comparison) because the health outcomes of twins and not triplets or higher order multiple 

pregnancies are the focus of this review.

Any study that reported data from ART treatments other than IVF and intracytoplasmic 

sperm injection (ICSI) was excluded. Studies reporting outcomes or comparisons exclusive 

to naturally conceived singleton pregnancy or multiple order pregnancy were excluded. 

Letters, case reports, case series, expert reviews, and data that were presented as an abstract 

or oral presentation were also excluded from analysis. After removing the duplicates, 

two reviewers (A.E. and G.R.) independently screened the search results and assessed the 

eligibility of studies for inclusion by scanning the titles and abstracts. Any disagreements 

were resolved by a third reviewer (B.J.V.) during the team meeting every 2 weeks. No 

institutional board review approval was needed for this study because no patient-identifiable 

data was used for the review.

Data extraction

The following data were extracted for the included studies: first author, year, study 

design, patient demographics, and maternal and fetal outcomes. Categorical data were 

collected for both maternal and fetal outcomes. The data extraction was checked by a 

second reviewer. The studies that assessed maternal outcomes are presented in Table 1. 

The maternal outcomes we assessed included maternal hospitalization, cesarean delivery, 

gestational diabetes mellitus (GDM), antepartum hemorrhage, including placental abruption 

and placenta previa, pregnancy-induced hypertension, postpartum hemorrhage, preterm 

labor, and preeclampsia.

The studies that assessed fetal outcomes are presented in Table 1. The fetal outcomes 

assessed included congenital anomalies, preterm birth rate (<37 weeks of gestation), early 

preterm birth rate (<32 weeks of gestation), very preterm birth rate (<28 weeks of gestation), 

low birth weight (<2,500 grams), neonatal intensive care unit (NICU)/special care baby 

unit (SCBU) admission rate, mean gestational age in weeks, mean birth weight in grams, 

perinatal mortality rate, and stillbirth rate. All data are expressed in percentages except 

mean gestational age (in weeks) and mean birth weight (in grams). Other social and societal 

outcomes included (for which a direct comparison was not possible) are presented in Table 

2: hospital admission charges (maternal and neonatal or combined costs) and maternal stress 

and depression.

Statistical analysis

For each maternal and fetal outcome, data was extracted as a 2 × 2 table in an Excel 

file. For analytic purposes, we categorized outcome data (where available) separately based 

on different treatment interventions (e.g., autologous oocytes, donor oocytes, and frozen 

embryo transfer). The study statistician (P.T.) performed meta-analysis as appropriate for the 

relevant data.

Meta-analyses for comparisons of means and proportions were performed using the 

R functions metacont and metabin, respectively, from the meta package (https://cran.r­

project.org/web/packages/meta/index.html). Mean differences or odds ratios (OR) and their 
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95% confidence intervals (CI) were calculated for each study within a set and used the 

random effects weights for calculating the aggregate statistics. This information is expressed 

numerically and visually using forest plots constructed with the forest function in R. 

Statistics for the heterogeneity of each set of studies are included in each plot. Statistical 

heterogeneity and impact of heterogeneity on meta-analysis were performed. We used I2 

statistics to assess the impact of heterogeneity on the meta-analysis.

RESULTS

A total of 60 studies were included in the review. The initial search of the Medline and 

EMBASE databases identified 432 potentially relevant articles. After screening the titles and 

abstracts, 86 full texts were obtained for detailed review. A total of 26 full articles were 

excluded where studies did not have any primary data on singleton pregnancy outcomes (for 

comparison). An additional 22 studies were identified through examination of reference list 

of full articles. The identification of study selection is shown in Figure 1.

We divided the selected manuscripts to studies with maternal and fetal outcomes (Table 1) 

for the meta-analysis; and studies with societal outcomes (financial aspects, maternal stress 

and depression, fetal and child development) for a narrative review (Table 2). The 60 studies 

that met the inclusion criteria were all published in English up to February 2020. Even 

though there were no language restrictions applied in the study identification phase, only 

articles with a full English translation were included in the final analysis. Out of the studies 

identified, 17 were from North America, four from South America, 28 from Europe, six 

from Asia, and five from Australia.

Maternal outcomes

Maternal outcomes were assessed based on the proportion of occurrence per pregnancy 

episode. See Table 3 for a summary of effect sizes and heterogeneity for each maternal 

outcome.

Antenatal hospitalization.—Six studies reported outcomes of antenatal hospitalization: 

one registry-based study (FIVNAT register) along with five cohort studies (Fig. 2). The 

outcomes data for Gerris et al. (41) were for singleton and twin pregnancies resulting from 

a double-embryo transfer. Indications for hospitalization in these studies included secondary 

ovarian hyperstimulation syndrome, heterotopic pregnancies, hyperemesis gravidarum, 

antepartum hemorrhage, and cholestasis of pregnancy. Goldfarb et al. (35) included multiple 

episodes of hospital admissions in some women due to threatened preterm labor. The OR 

of antenatal hospitalization was 2.6 (95% CI) 1.9–3.5) in IVF-ICSI twin gestations when 

compared with singleton IVF-ICSI gestations. There was a moderate level of heterogeneity 

(I2 = 52%, P=.05) within the studies included.

Cesarean delivery.—Sixteen studies reported the outcome of cesarean delivery: one 

registry study (FIVNAT, 1996) and 15 cohort studies (Fig. 3). We combined data for 

elective and emergency cesarean delivery together for this analysis. Only primary cesarean 

delivery rates were analyzed. Ombelet et al. (45) reported data for IVF treatment cycles 

and ICSI treatment cycles separately. Stoop et al. (43) and Van Dorp et al. (47) reported 
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data separately for autologous cycles and oocyte donor cycles. Luke et al. (38) mentioned 

separate data sets for fresh and frozen autologous cycles and fresh and frozen oocyte donor 

treatment cycles. Pereira et al. (57) reported data for natural cycle frozen embryo transfers 

separately from frozen embryo transfers after hormone treatment. The OR of cesarean 

delivery was 3.7 (95% CI, 3.3–4.1) in IVF-ICSI twin gestations when compared with 

singleton IVF-ICSI gestations. There was a statistically significant heterogeneity (I2 = 93%, 

P<.01) within the studies included.

Gestational diabetes mellitus.—Seven cohort studies reported outcomes of GDM, 

although the definition and diagnostic criteria for GDM were unclear from the studies (Fig. 

4). Data for pregestational diabetes were excluded. The OR of GDM was 1.2 (95% CI, 

1.1–1.3) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI gestation. 

There was a moderate heterogeneity (I2 = 58%, P<.01) in the included studies.

Antepartum hemorrhage: placental abruption.—Four cohort studies reported the 

outcome of placental abruption (Fig. 5). We excluded studies that reported combined data on 

multiple reasons for antepartum hemorrhage (e.g., all cases of placental abruption, placenta 

previa, and other causes of hemorrhage reported together). The OR of placental abruption 

was 1.3 (95% CI, 1.2–1.5) in IVF-ICSI twin gestations when compared with singleton 

IVF-ICSI gestations. There was a minimal heterogeneity (I2 = 0%, P=.82) in the included 

studies.

Antepartum hemorrhage: placenta previa.—Four cohort studies reported the 

outcome of placenta previa (Fig. 6). We excluded studies that reported combined data on 

multiple reasons for antepartum hemorrhage (e.g., all cases of placental abruption, placenta 

previa, and other causes of hemorrhage reported together). The grade of severity of placenta 

previa was unclear from the studies. The OR of placental abruption was 0.8 (95% CI, 0.7–

0.9) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI gestations. There 

was a moderate heterogeneity (I2 = 66%, P=.01) in the included studies.

Pregnancy-induced hypertension.—Seven cohort studies reported the outcome of 

pregnancy-induced hypertension (Fig. 7). Stoop et al. (43) defined pregnancy-induced 

hypertension as blood pressure levels >140/90 mm Hg on two or more occasions at least 6 

hours apart, without proteinuria, after 20 weeks. Data for pregestational hypertension was 

excluded. The odds ratio of having pregnancy-induced hypertension was 2.0 (95% CI, 1.9–

2.3) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI gestation. There 

was a moderate heterogeneity (I2 = 78%, P<.01) in the included studies.

Postpartum hemorrhage.—Five studies reported the outcome of postpartum 

hemorrhage: one registry study (FIVNAT) and four cohort studies (Fig. 8). The odds ratio 

of having postpartum hemorrhage was 2.2 (95% CI, 1.2–4.1) in IVF-ICSI twin gestations 

when compared with singleton IVF-ICSI gestations. There was a statistically significant 

heterogeneity (I2 = 91%, P<.01) in the included studies.

Preterm labor.—Five cohort studies reported the outcome of preterm labor (Fig. 9). The 

diagnostic criteria for preterm labor were not mentioned in any of the studies. Goldfarb et 
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al. (35) reported multiple episodes of hospital admission for some patients with preterm 

labor. The odds ratio of having preterm labor was 6.3 (95% CI, 3.6–11.0) in IVF-ICSI 

twin gestations when compared with singleton IVF-ICSI gestations. There was statistically 

significant heterogeneity (I2 = 91%, P<.01) in the included studies.

Preeclampsia.—Five cohort studies reported the outcome of preeclampsia (Fig. 10). This 

was defined as repeated blood pressure levels over 140/90 mm Hg with proteinuria more 

than 0.3 g/day after 20 weeks of gestation. The odds ratio of having preeclampsia was 1.9 

(95% CI, 1.4–2.6) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI 

gestations. There was statistically significant heterogeneity (I2 = 40%, P=.12) in the included 

studies.

Fetal outcomes

Fetal outcomes were assessed based on proportion of occurrence calculated per infant. See 

Table 4 for a summary of effect sizes and heterogeneity for each fetal and neonatal outcome.

Congenital anomalies.—A total of 19 studies reported outcomes of congenital 

anomalies: eight registry studies and 11 cohort studies (Fig. 11). The majority of the non­

European studies classified congenital anomalies based on the International Classification 
of Disease and Related Health Problems, 10th edition (ICD-10) code each malformation. 

Congenital anomalies or malformation included a single disorder or multiple disorders, and 

we combined the available primary data for this analysis. Studies from Europe reported 

congenital anomalies according to the European Registration of Congenital Anomalies and 

Twins (EUROCAT) guidelines. The odds ratio of having a congenital anomaly was 1.1 

(95% CI, 1.0–1.2) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI 

gestations. There was minimal heterogeneity (I2 = 0; P=.84) within the studies included.

Preterm birth rate.—A total of 43 studies reported outcomes of preterm birth: 23 registry 

studies and 20 cohort studies (Fig. 12). Preterm birth was defined as delivery before 37 

completed weeks of gestation. The odds ratio of preterm birth was 8.3 (95% CI, 7.8–8.9) 

in IVF-ICSI twin gestations when compared to singleton IVF-ICSI gestations. There was 

statistically significant heterogeneity (I2 = 97%, P<.01) within the studies included.

Early preterm birth rate.—A total of 14 studies reported outcomes for early preterm 

birth (EPTB), defined as birth before 32 completed weeks of gestation, which included 13 

registry studies and one cohort studies (Fig. 13). Luke et al. (38) included separate data 

sets for fresh and frozen autologous cycles and fresh and frozen oocyte donor treatment 

cycles. The odds ratio of EPTB was 3.5 (95% CI, 3.1–3.9) in IVF-ICSI twin gestations 

when compared with singleton IVF-ICSI gestations. There was statistically significant 

heterogeneity (I2 = 88%, P<.01) within the studies included.

Very preterm birth rate.—A total of 30 studies reported outcomes for very preterm birth 

rate (VPTBR), defined as birth before 28 completed weeks of gestation, which included 

17 registry studies and 13 cohort studies (Fig. 14). The odds ratio of VPTBR was 5.5 

(95% CI, 5.2–5.9) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI 
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gestations. There was statistically significant heterogeneity (I2 = 82%, P<.01) within the 

studies included.

Low birth weight.—A total of 29 studies reported outcomes for low birth weight (LBW), 

defined as birth weight <2,500 grams, which included 11 registry studies and 18 cohort 

studies (Fig. 15). The odds ratio of LBW was 10.6 (95% CI, 9.9–11.4) in IVF-ICSI 

twin gestations when compared with singleton IVF-ICSI gestations. There was statistically 

significant heterogeneity (I2 = 89%, P<.01) within the studies included.

Mean birth weight.—A total of 22 studies reported mean birth weight (MBW) for infants, 

which included one registry study and 21 cohort studies (Fig. 16). Data for mean birth 

weight were collected. The mean difference in birth weight was 856 grams (± −880; 

−832 grams standard deviation [SD]) lower in IVF-ICSI twin gestations when compared 

to singleton IVF-ICSI gestation. There was statistically significant heterogeneity (I2 = 95%, 

P<.01) within the studies included.

Mean gestational age.—A total of 27 studies reported mean gestational age (MGA): 10 

registry studies and 17 cohort studies (Fig. 17). Data for mean gestational age in weeks 

(SD) was collected. The mean difference in gestational age in weeks was 2.9 (±−3.0; 

−2.8 SD) lower in IVF-ICSI twin gestations when compared with singleton IVF-ICSI 

gestations. There was statistically significant heterogeneity (I2 = 95%, P<.01) within the 

studies included.

Neonatal intensive care unit admission rate.—A total of 11 cohort studies reported 

outcomes for NICU/SCBU admission rate (Fig. 18). The odds ratio of NICU/SCBU 

admissions was 6.5 (95% CI, 5.8–7.3) in IVF-ICSI twin gestations when compared with 

singleton IVF-ICSI gestation. There was statistically significant heterogeneity (I2 = 91%, 

P<.01) within the studies included.

Perinatal mortality rate.—A total of nine studies reported outcomes of perinatal 

mortality (PNM) rate: seven registry studies and two cohort studies (Fig. 19). Perinatal 

mortality data in Gunby et al. (17–23) included stillbirth and neonatal deaths whereas, 

Tandberg et al. (55) defined perinatal mortality as death of the fetus from ≥22 weeks until ≤7 

days after birth, stillbirths included. The odds ratio of perinatal mortality was 2.4 (95% CI, 

2.1–2.8) in IVF-ICSI twin gestations when compared with singleton IVF-ICSI gestations. 

Heterogeneity was attributed to chance (I2 = 0%, P=.49) within the studies included.

Stillbirth rate.—A total of eight studies reported outcomes for stillbirth rate: one registry 

study and seven cohort studies (Fig. 20). The odds ratio (95% CI) of stillbirth rate for at 

least one of the twins was 2.2(1.8–2.6) in IVF-ICSI twin gestations when compared with 

singleton IVF-ICSI gestation. There was minimal heterogeneity (I2 = 36%, P=.09) within 

the studies included.

Studies included in narrative review

Studies with health care cost outcomes.—Chambers et al. (31) combined three 

national data sets to develop an economic costing model using birth outcomes from 2003. 
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Data for 5,005 mothers and 5,886 live-born infants were used. After adjusting for maternal 

age, the average cost (combined for infant and mother) per in-patient birth episode was three 

times higher for birth episodes of ART twins than ART singletons (14,114 Euros vs. 4,624 

Euros). It was estimated that multiple pregnancy reduction strategies would have saved 9.2 

million Euros (year 2003–2004 Euros) in birth admission costs alone.

Motohashi et al. (63) performed a costs analysis of maternal and fetal medical care for 

triplets and higher-order multiples in Japan. The authors examined a control group that 

included 58 ART singletons and 21 twins born no earlier than 22 weeks of gestation. Data 

included maternal admissions after 12 weeks of gestation until discharge. It was estimated 

that the maternal costs (×1,000¥) for singletons was 530 ± 467 compared with 1,124 ± 709 

in twins. Infant costs (×1,000¥) estimated from birth until discharge from hospital were 

173 ± 410 for singleton infants compared with 1,889 ± 3,061 for twins (per neonate). The 

combined cost (×1,000¥) for a family was estimated to be 703 ± 680 for a singleton delivery 

compared with 4,903 ± 6,199 for a twin delivery.

Lemos et al. (65) examined adjusted all-cause health care costs for IVF-ICSI singletons 

and IVF-ICSI twins in a subgroup analysis. The mean cost in US$ for an IVF-ICSI 

singleton infant was 11,358 (95% CI, 10,959–11,772) compared with 81,757 (95% CI, 

77,785–85,932) in twins. The mean cost in US$ for a mother with singleton pregnancy was 

15,542 (95% CI, 15,322–15,765) compared with 33,729 (95% CI, 33,066–34,405) a mother 

with twins. The mean total cost in US$ for IVF-ICSI singleton pregnancy was 26,922 

(95% CI, 10,959–11,772) compared with 115,238 (95% CI, 111,875–118,702) in a twin 

pregnancy.

Gerris et al. (41) conducted a cost analysis of single-embryo transfer versus a double­

embryo transfer in women undergoing their first IVF-ICSI cycle. In women who had 

a double-embryo transfer, the costs were analyzed for singleton pregnancies and twin 

pregnancies. The total cost for antenatal care for mothers was US$ 5,160 (±4,106 SD) 

for a singleton pregnancy and US$ 7,477 (±3,009 SD) for twins. The total cost per infant 

was US$ 3,453 (±8,154 SD) for singleton infants and US$ 12,728 (±12,361 SD) for twins. 

Maternal hospitalization cost for delivery was US$ 4,232 (±4,244 SD) for singletons and 

US$ 6,814 (±3,029 SD) for twins.

Koivurova et al. (46) performed a 7-year follow-up study of IVF children and analyzed 

medical diagnoses associated with postneonatal hospital admissions and costs per hospital 

admission. The Diagnosis Related Groups (DRGS) included brain damage, central nervous 

system disorder, seizure and headaches, psychiatric disorders, upper respiratory infection, 

asthma, esophagitis, juvenile rheumatoid arthritis, and prematurity. As the hospital costs 

were calculated per neonate, the investigators did not find any admission-related cost 

differences per episode between IVF singletons and IVF twins.

A population cohort study from Western Australia evaluated hospital costs for multiple birth 

and singleton infants from birth through 5 years of age. In this study, 1.0% of singletons and 

15.4% of twins were the result of ART. The mean hospital costs (in US$) of a singleton or 

twin child to age 5 years was 2,730 and 8,993, respectively (in 2009–2010 US$). Most of the 
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cost increase was seen from birth to 1 year of age mostly due to prematurity. Higher costs 

for twins were also seen in the second year of life, but in years 3 to 5 the health care costs 

were similar.

Studies with social outcomes.—Pinborg et al. (40) conducted a national survey using 

a questionnaire-based study and found that 87.3% of mothers with IVF-ICSI twin were on 

sick leave compared with 50.1% of mothers with singletons. Sick leave was defined as leave 

of absence from work owing to illness except for obligatory maternity leave. Mothers with 

IVF-ICSI twins spend an average of 10.7 weeks on sick leave compared to 8.5 weeks for 

mothers with singletons (P<.001). The odds ratio for sick leave stratified for maternal age 

and parity for IVF-ICSI twins versus IVF-ICSI singleton was 6.8 (95% CI, 4.4–10.5).

Olivennes et al. (66) studied in behavioral and cognitive functioning as well as family 

functioning in 344 families with IVF-ICSI twins compared with 344 families with IVF­

ICSI singletons, all between the ages of 2 and 5 years. Using standardized questionnaires 

and screening tests, they found that mothers of twins showed statistically significantly 

higher levels of parenting stress and depression than mothers of singletons, and they found 

parenting to be more difficult and less pleasurable. Frequency of sexual intercourse was also 

less among couples with twins. In the children there were no differences in emotional or 

behavioral issues although twins showed statistically significantly lower levels of cognitive 

functioning.

DISCUSSION

This up-to-date review and meta-analysis comparing maternal, fetal, and societal outcomes 

for twin pregnancy and singleton pregnancy after IVF-ICSI demonstrates clear evidence for 

the adverse effects of twin pregnancies. With twin pregnancies, the higher maternal risks, 

the greatly increased risk of premature delivery for infants, and the higher health care costs 

that result are consistent among studies throughout the world. The data are compelling that 

a strategy of one healthy baby at a time should be the objective of every IVF-ICSI treatment 

cycle.

For women with a twin pregnancy after IVF-ICSI, the most statistically significant risks 

are higher rates of antenatal hospitalization, preterm labor, need for cesarean delivery, and 

postpartum hemorrhage. Compared with a singleton pregnancy, twin pregnancies are at 

higher risk for other complications including gestational diabetes, hypertensive disorders, 

and placental abruption. Although these latter complications are statistically significantly 

higher in a given pregnancy event, with odds ratios of less than 2.0 one could argue that 

a woman who desires at least two children from IVF-ICSI might incur similar risks with 

two singletons as with a twin pregnancy. We found limited evidence that women with twin 

gestations required more hospitalizations and more time away from work, and experienced 

greater stress, more depressive symptoms, and less satisfaction with parenting than mothers 

of singletons, at least while their children are very young.

Twins after IVF-ICSI are at statistically significantly higher risk for premature delivery, on 

average 2.9 weeks earlier than singletons leading to a lower average birth weight of 850 

Eapen et al. Page 9

Fertil Steril. Author manuscript; available in PMC 2021 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



grams. For twins, the odds of very preterm birth less than 28 weeks are increased over 

fivefold and the risk of needing newborn intensive care after delivery is increased over 

sixfold compared with singletons. The odds of stillbirth and the perinatal mortality rate of 

twin gestations/newborns are over twofold higher than with singletons.

Health care cost studies have consistently shown that twins after IVF-ICSI are statistically 

significantly more costly to the health care system than a singleton. Studies that differed 

by country of origin, currency, time frame, and cost were included in the analysis, which 

precluded direct comparisons by meta-analysis. Nevertheless, the studies consistently found 

a twin pregnancy and delivery to be approximately 4.5-fold (range: 2.9- to 6.9-fold) more 

costly than a singleton pregnancy and delivery. When calculated on a per-baby basis, a twin 

infant is associated with an approximately 2.5-fold (range: 1.45- to 3.6-fold) increase in 

health care costs as compared with a singleton.

More studies comparing the early childhood health and development of IVF-ICSI twins 

compared with singletons are needed. There are limited data of some delay in early 

childhood growth and development in twins, but the limited data on academic achievement 

beyond childhood are reassuring.

Spangmose et al. (60) assessed academic performance in a Danish cohort of IVF singletons 

and IVF twins and concluded that the ART singletons and twins had similarly adjusted mean 

test scores for Danish, English, and mathematics. Nakajo et al. (67) assessed mental and 

physical development for 2 years after birth in IVF-ICSI singletons and twins and found 

no difference in mean physical growth (height and weight) between IVF-ICSI singletons 

and IVF-ICSI twins. There was also no difference in development related to movements, 

reactions, and understanding commands (67).

Kuiper et al. (68) studied neurodevelopmental and cardiometabolic outcomes in 4-year-old 

twins (n = 48) and singletons (n = 103) conceived by IVF. The investigators found similar 

neurologic outcomes although the total IQ score in twins was slightly lower (−5.4 points) 

than in singletons. The IVF twins had a lower body weight and were shorter than the 

singletons, but all other developmental and cardiometabolic parameters were similar (68). 

Strömberg et al. (69), in a cohort study included children born after IVF aged 18 months or 

older, and found a 0.7% incidence of cerebral palsy in IVF twins compared with 0.37% in 

IVF singletons. The increased incidence of cerebral palsy in twins, however, was attributed 

to low birth weight and prematurity (69).

The limitations of our study includes the inherent limitations of a review of observational 

studies. The included studies had many fundamental differences, including their 

retrospective design and nonstandardized data collection. There also were differences in 

study design and the definition of study variables. Maternal morbidity depends on non­

modifiable factors such as age and modifiable factors like body mass index. Fetal morbidity 

and mortality may be associated with different demographic variables and the cause of 

infertility in the couple. Studies included in our review did not report outcomes based on 

maternal age or cause of infertility. This limitation in data collection did not allow us to 

perform adjustment of confounding factors such as maternal age, sociodemographic aspects, 
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infertility diagnosis, specifics of IVF treatment protocols, embryo quality, or embryo culture 

media. However, assessment of maternal and fetal outcomes in oocyte recipient models 

suggest suboptimal outcomes in twin pregnancies compared with singleton pregnancies. 

Based on this, we may assume that it is the plurality of pregnancy rather than maternal age 

that causes suboptimal maternal and fetal outcomes.

Only clinically relevant maternal and fetal outcomes were assessed within the scope of 

this review. Some manuscripts included in this study contained data for cholestasis during 

pregnancy, nausea/vomiting, and/or hyperemesis gravidarum. We did not include these 

subjective symptoms associated with most pregnancies. Further, registry studies had the 

disadvantage of underreporting (e.g., approximately 7% of clinics in the United States did 

not report outcome data to SART in 2015). Multiple cohort studies had a smaller sample 

size and other biases, including treatment bias (the mixed-model of obstetric care: private 

and state funded health care system), reporting bias, and ascertainment bias. We performed 

metanalysis of proportions and mean differences when possible for applicable variables 

in these different studies; nevertheless, there is substantial heterogeneity between studies 

pooled in the meta-analyses. Finally, this is a descriptive review based on crude outcomes 

(i.e., outcomes were not based on comparing the intervention of a single-embryo transfer 

versus a double- or multiple-embryo transfer).

Notwithstanding the limitations, the large number of studies, number of events included in 

the registry studies, and narrow confidence intervals support the validity of the conclusions 

in this review. It is imperative that professionals who are working to help patients with 

infertility build healthy families understand the short- and long-term impacts of their 

treatment practices. These potentially life-changing impacts are felt by colleagues in 

obstetrics and pediatrics, by hospital systems and insurers, and most importantly by the 

patients and their families. To mitigate these risks, work at the level of quality assurance, 

advocacy, policy and practice change, and patient education must continue.
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FIGURE 1: 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart 

for study inclusion and exclusion.
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FIGURE 2: 
Antenatal hospitalization.
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FIGURE 3: 
Cesarean delivery.
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FIGURE 4: 
Gestational diabetes mellitus.
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FIGURE 5: 
Antepartum hemorrhage: placental abruption.
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FIGURE 6: 
Antepartum hemorrhage: placenta previa.
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FIGURE 7: 
Pregnancy-induced hypertension.
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FIGURE 8: 
Postpartum hemorrhage.
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FIGURE 9: 
Preterm labor.
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FIGURE 10: 
Preeclampsia.
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FIGURE 11: 
Congenital anomalies.
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FIGURE 12: 
Preterm birth rate.
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FIGURE 13: 
Early preterm birth rate.
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FIGURE 14: 
Very preterm birth rate.

Eapen et al. Page 29

Fertil Steril. Author manuscript; available in PMC 2021 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 15: 
Low birth weight.
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FIGURE 16: 
Mean birth weight.
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FIGURE 17: 
Mean gestational age.
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FIGURE 18: 
Neonatal intensive care unit admission rate.
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FIGURE 19: 
Perinatal mortality rate.
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FIGURE 20: 
Stillbirth rate.
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TABLE 3

Summary table of maternal outcomes for effect and heterogeneity: twins compared with singleton pregnancies 

after in vitro fertilization/intracytoplasmic sperm injection treatment.

Outcome Heterogeneity I2 % (P value) OR (95% CI)

Antenatal hospitalization 52 (.05) 2.6 (1.9–3.5)

Cesarean delivery 93 (<.01) 3.7 (3.3–4.1)

Gestational diabetes mellitus 58 (<.01) 1.2 (1.1–1.3)

Placental abruption 0 (.82) 1.3 (1.2–1.5)

Placenta previa 66 (.02) 0.8 (0.7–0.9)

Pregnancy-induced hypertension 78 (<.01) 2.0 (1.9–2.3)

Postpartum hemorrhage 91 (<.01) 2.2 (1.2–4.1)

Preterm labor 91 (<.01) 6.3 (3.6–11.0)

Preeclampsia 40 (.12) 1.9 (1.4–2.6)

Note: CI = confidence interval; OR = odds ratio.
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TABLE 4

Summary table of fetal and neonatal outcomes for effect and heterogeneity: twin compared with singleton 

pregnancies after in vitro fertilization/intracytoplasmic sperm injection treatment.

Outcome Heterogeneity, I2 % (P value) OR (95% CI)

Congenital anomaly 0 (.84) 1.1 (1.0–1.2)

Preterm birth rate (<37 wk) 97 (<.01) 8.3 (7.8–8.9)

Early preterm birth rate (<32 wk) 88 (<.01) 3.5 (3.1–3.9)

Very preterm birth rate (<28 wk) 82 (<.01) 5.5 (5.2–5.9)

Low birth weight (<2,500 g) 89 (<.01) 10.6 (9.9–11.4)

NICU/SCBU admission rate 91 (<.01) 6.5 (5.8–7.3)

Perinatal mortality rate 0 (.49) 2.4 (2.1–2.8)

Stillbirth rate 36 (.09) 2.2 (1.8–2.6)

Mean birth weight (g) 95 (<.01)
−856 (880–832)

a

Mean gestational age (wk) 95 (<.01)
−2.9 (−3.0 to −2.8)

a

Note: CI = confidence interval; NICU = neonatal intensive care unit; OR = odds ratio; SCBU = special care baby unit.

a
Mean difference (95% CI).
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