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Abstract

Major obstetrics and gynecology societies offer inconsistent recommendation regarding opti-
mal delivery timing in uncomplicated dizygotic twins. We sought to investigate the impact of
delivery timing within term gestation, in dizygotic twins, on the short- and long-term offspring
morbidity. A prospectively analyzed cohort of dizygotic twin deliveries was conducted. All
women delivered at a regional tertiary medical center, at term (≥37 0/7), between the years
1991 and 2014, were included. The primary exposure was delivery at 37 0/7–37þ 6/7 weeks,
while delivery at ≥38 0/7 weeks’ gestation was considered the reference. Neonatal short- and
long-term outcomes according to hospitalizations of offspring up to 18 years of age due to car-
diac, respiratory, hematological, neurological, and infectious morbidity were compared.
Kaplan–Meier survival curves were used to compare cumulative incidences per each major-
system hospitalization. Cox regression models were used to estimate the adjusted hazard ratios,
while adjusting for variables with clinical importance. During the study period, 612 dizygotic
twin deliveries met the inclusion criteria. Of them, 200 (31.3%) occurred at 37–37 6/7 weeks,
and 412 (68.7%) occurred at ≥38 0/7 weeks’ gestation. In the long-term analysis, rates of hos-
pitalizations involving several major morbidity categories exhibited comparable rates in both
groups. The Cox regression models did not demonstrate an independent association between
gestational age within term and later major pediatric morbidity in offspring (total long-term
morbidity: adjusted hazard ratio 1.33, 95% confidence interval 0.77–2.29). Dizygotic twin deliv-
eries occurring at different gestational ages within term do not appear to significantly impact on
major short- and long-term outcomes.

Introduction

Over the last several decades, the incidence of twin pregnancies has increased significantly. This
trend can be attributed to both increased maternal age and the increased use of assisted repro-
ductive technologies1,2. In the United States, twin birth rate rose by 76% from 1980 to 2009, later
leading to twin births accounting for about 3.3% of live births in the United States in 20173.
Various studies have demonstrated that twin pregnancies are associated with a greater risk
of many obstetrical complications including preterm delivery, gestational hypertension and
preeclampsia, gestational diabetes mellitus, low birth weight, neonatal respiratory distress syn-
drome, and intrauterine death4,5. For instance, the increased rate of prematurity among twin
deliveries is a well-studied topic with roughly half of the pregnancies ending before term (prior
to 37 weeks)6.

Twin pregnancies vary by type, with dichorionic–diamniotic cases being the most common
type, carrying the lowest incidence of complications in comparison to other types of twin
pregnancies7. Optimal delivery time in a pregnancy is calculated by determining when the risk
for neonatal mortality and morbidity and of maternal operative delivery is lowest but before the
risk for stillbirth begins to rise from continued pregnancy8.

In singleton pregnancies, accumulating data now suggest early-term delivery (defined as
delivery between 37 and 39 weeks’ gestation) to impact on the short- and long-term health
of the offspring. Suggested short-term consequences include higher rates of neonatal mortality9,
respiratory morbidity, and increased neonatal intensive care unit admissions10. Long-term
adverse outcome of early-term delivery was reported to include respiratory morbidity11 and
developmental disorders12,13.

In the absence of complications, optimal length of gestation appears to be shorter for twins
compared to singleton pregnancies. Reluctance to delay twin delivery beyond 39 0/7 weeks is
based on older data suggesting that twins attain pulmonary maturation earlier than singletons
and therefore postmaturity complications may arise sooner in twins than in singletons14,15.
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In addition, the perinatal mortality rate increases at 39 weeks’ ges-
tation in multiple gestations, similar to the pattern observed in
post-term singleton pregnancies16. However, perinatal morbidity
could be minimized by allowing uncomplicated dichorionic twin
pregnancies to continue to 38 weeks’ gestation. In the ESPRIT
dichorionic cohort study17, this change has led to a fall in perinatal
morbidity from 7% at 36 weeks’ to 1% at 38 weeks’ gestation.

Major societies present inconsistent recommendation for opti-
mal delivery timing for uncomplicated dichorionic, diamniotic twin
pregnancies. For instance, the American College of Obstetricians
and Gynecologists recommends to plan delivery at 38 0/7 to 39
0/7 gestational weeks18, and the French College of Gynecologists
and Obstetricians recommends 40 0/7 weeks’ gestation19. On the
other hand, the British NICE guidelines quote that they could not
find any evidence in relation to the optimal surveillance strategy
for dichorionic, diamniotic twin pregnancies that continue beyond
37 0/7 weeks’ gestation20.

A systematic review and meta-analysis found increased perina-
tal death in delivery of dichorionic twins after 38 weeks of gestation
as compared with the previous week21. In addition, fetal growth
restriction incidence appears to increase in twins beyond 38 weeks’
gestation22. However, other epidemiological evidence suggests that
the lowest rate of perinatal mortality occurs at 37 to 39 weeks in
twin pregnancies16,23.

As current guidelines advise for early-term delivery in twin ges-
tation, and as data suggest early-term delivery to be associated with
short- and long-term morbidity in singletons, we sought to assess
the impact of delivery in dizygotic twins at different gestational
ages (including the different weeks within term gestation) with a
specific focus on short- and long-term morbidity rates.

Methods

A retrospective cohort study of all women who delivered dizygotic
(sex discordant) twins, at 37 0/7 weeks and on, at the Soroka
University Medical Center (SUMC), between the years 1991 and
2014, was conducted. SUMC is the sole hospital of the Negev
(southern Israel), which occupies 65.5% of the country’s land
and 14.4% of Israel’s population (approximately 1,200,000
inhabitants)24. During the 23-year study period, the annual number
of deliveries managed at SUMC increased from roughly 10,000 to
15,000. Since the early 1990s, the Negev region is characterized
by positive immigration25. Thus, the study is based on nonselective
population data.

The primary exposure was defined as gestational age at birth of
37 0/7 to 37þ 6/7 weeks, while delivery at 38 0/7 weeks’ gestation
and on was considered the reference. Gestational age was based on
the best obstetric estimate determined by providers and used for
clinical decision-making. The standard criteria used involved con-
sideration of the clinical history and earliest ultrasound measure-
ments. If the last menstrual period was certain and consistent with
the first trimester ultrasound, dating was based on last menstrual
period. If the ultrasound was not consistent with the last menstrual
period (difference of more than 1 week in a first trimester ultra-
sound and of 2 weeks in a second trimester ultrasound), or the last
menstrual period was unknown, ultrasound data were used for
determination of gestational age. Due to the well-established asso-
ciation of multiple gestations with congenital malformations on
one hand, and the association of several malformations with differ-
ent morbidities on the other hand, we excluded fetuses with con-
genital malformations from the cohort. Additionally, we excluded
twins of the same sex to insure dizygocity.

The primary objective of the study was to investigate the
association between gestational age upon delivery within term
(dependent variable) and the risk of short- and long-term offspring
morbidity during a follow-up period and until the age of 18 years.
The incidences of childhood hospitalization in the offspring were
compared between the different gestational age groups.

Perinatal mortality included intrauterine (ante- and intrapar-
tum fetal death) and postpartum (neonatal) death. These cases
were excluded from the long-term analyses.

Maternal and neonatal demographic characteristics and preg-
nancy course were assessed. These includedmaternal age, maternal
diabetes mellitus and hypertensive disorders, parity, mode of deliv-
ery, induction of labor, and fertility treatment (ovulation induction
or in vitro fertilization).

Perinatal outcomes included meconium-stained amniotic fluid,
neonatal sex, Apgar scores at 1 and 5 min, birthweight and low
birthweight (defined as birthweight <2500 grams), small for gesta-
tional age birthweight (defined as <5th centile birthweight for ges-
tational age and gender), and perinatal mortality.

Long-term outcomes included all hospitalizations of offspring
at SUMC, up to the age of 18 years, involving cardiac, respiratory,
infectious, hematological, and neurological-related morbidities.
All diagnoses were predefined according to a set of ICD-9-related
procedures and diagnoses codes detailed in the Supplementary
Table. Of note, several different diagnoses could have been
assigned to the same offspring in different health categories.

Follow-up time was defined as time to an event (hospitalization
for any of the above detailed diagnosis) or until censored.
Censoring occurred in case of death or at the age of 18 years (which
was calculated based on date of birth). Only the first hospitalization
for each child in each morbidity category was included in the
analyses. We have also censored at the end of data availability
for each child.

Data were collected from two databases that were cross-linked
and merged: the computerized hospitalization database of the
SUMC (“Demog-ICD9”) and the computerized perinatal database
of the SUMCObstetrics and Gynecology Department. The perina-
tal database consists of information recorded immediately follow-
ing delivery by an obstetrician. Experienced medical secretaries
routinely review the information prior to entering it into the data-
base to insure its maximal completeness and accuracy. Coding is
performed after assessing medical prenatal care records as well
as routine hospital documentation. The Demog-ICD9 database
includes demographic information and ICD-9 codes for all medi-
cal diagnoses made during hospitalizations at SUMC.

Statistical analysis

Statistical analysis was performed using STATA (version 12.0,
College Station, TX, USA) and SPSS (version 23.0, Chicago, IL,
USA) software. Assumptions were two sided with α= 0.05 and
β= 0.2. Initial analysis compared background, pregnancy, and
perinatal characteristics between the different gestational age
groups, using Fischer exact χ2 test for categorical variables and
t-tests for continuous variables.

Kaplan–Meier survival curves were constructed, and the cumu-
lative hospitalization incidence for each health category was com-
pared between the gestational age groups using the Cox–Mantel
Log rank test. Only the first hospitalization for each child in each
morbidity category was included.

In order to account for dependence among siblings and to con-
trol for familial aggregation, mothers in the cohort were entered as
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clusters in the multivariable Cox regression analysis for total hos-
pitalization. In order to adjust for length of follow-up, the multi-
variable Cox regression analysis was performed for each of the
different morbidity categories. Other variables with clinical impor-
tance (such as maternal hypertensive disorders, maternal diabetes,
and small-for-gestational-age neonates) were considered in the
Cox models as well. The models compared the independent risk
for each of the different morbidities as well as for total hospitaliza-
tions in any of the selected morbidities. The final model was
selected based on the best model fit and lowest −2 log likelihood.

The study protocol was approved by the SUMC institutional
review board and informed consent was exempt.

Results

During the study period, 612 dizygotic sex discordant twin deliv-
eries met the inclusion criteria. Of them, 200 (31.3%) occurred at
37 0/7–37 6/7 weeks’ gestation (exposed group), and 412 (68.7%)
were delivered at ≥38 0/7 weeks’ gestation (comparison group).
Table 1 compares demographic characteristics and pregnancy
course in the two gestational age groups. Pregnancies delivered
in the exposed group were significantly more likely to be compli-
cated by maternal diabetes (both gestational and pregestational)
and hypertensive disorders (including chronic hypertension, gesta-
tional hypertension, and preeclampsia with or without severe
features) as compared with the comparison group. In addition, fer-
tility treatments (ovulation induction or in vitro fertilization) were
significantly more common in the exposed group. Maternal parity,
labor induction rates, and mode of delivery were all comparable
between the groups.

Table 2 depicts the neonatal outcomes. No perinatal mortality
cases were documented. Rates of low (<7) Apgar scores at 1 and
5 min, and meconium-stained amniotic fluid, were comparable.
Although mean birthweight was similar, low birthweight (defined
as birthweight of <2500 grams) rate was significantly higher in the
exposed group (43% vs 24.3% in controls, odds ratio (OR) 2.4, 95%
confidence interval (CI) 1.6–3.4, p< 0.001), while small-for-
gestational-age (defined as <5th centile birthweight for gestational
age and for gender) rate was significantly higher in the comparison
group (18% vs 27.7% in controls, OR 0.57, 95% CI 0.38–0.87,
p= 0.009).

In the sub-analysis according to the different long-term
outcomes assessed, no differences were noted between the study
groups in hospitalization rates with all morbidity categories
(Table 3).

The Kaplan–Meier survival curve (Fig. 1) demonstrates the
cumulative incidence of pediatric hospitalizations according to
gestational age at delivery. Only the first hospitalization for each
child in eachmorbidity category was included in the survival curve.
Cumulative hospitalization incidence in the different groups was
comparable for all morbidities.

A Cox regression model (Table 3) was employed to establish an
independent association between any selected categories of pediat-
ric hospitalizations assessed (up to the age of 18 years) and gesta-
tional age at birth. Gestational age at delivery did not exhibit an
independent association with any or all of the later major pediatric
hospitalizations in offspring (total hospitalizations adjusted HR
1.33, 95% CI 0.77–2.29, p= 0.308).

Discussion

In our unique cohort of dizygotic sex discordant twin offspring,
born at term, and followed for up to 18 years, we have not shown
a significant difference in major short- and long-term outcomes
between those born at 37 0/7–37 6/7 and those born at a later gesta-
tional age. Importantly, no perinatal mortality cases were docu-
mented in our cohort, probably stemming from the size of our
cohort and the fact that preterm deliveries were excluded. Our
cohort is unique due to the fact that dizygosity was confirmed
and the fact that for the first time, long-term health outcome
was studied specifically in this population.

The idea that gestational age at birth has an impact on child-
hood morbidity is not new. The early-term (37 0/7–38 6/7) born
singleton population of infants has received growing attention in
the last decade, with accumulating data now suggesting a pattern of
morbidity similar to those of late preterm born children26.Our
group has published several studies confirming the association
between early-term delivery in singletons and later pediatric respi-
ratory, cardiovascular, metabolic, sleep-related abnormalities, and
middle ear infections11,27–30. However, our results in this twin
cohort suggest otherwise. There was a trend toward higher hospi-
talization rates (in respiratory, hematological, neurological, and
infectious-related hospitalizations) in the exposed group (born
prior to 38 0/7 weeks), but this was far from statistical significance
in both the uni- and the multivariable analyses.

Other authors have shown similar results. Stern et al. have
shown that long-term morbidity in twin pregnancies is inversely
related to gestational age at delivery and that neonatal mortality
and severe long-term morbidity are rare in offspring born after
28 weeks’ gestation31.The main reason for neonatal death was pre-
maturity, occurring in roughly 30% of the cohort.

Table 1. Maternal demographic characteristics and pregnancy course in the
different gestational age groups

Characteristics

Gestational age in weeks/days

p valuea

37 0/7–37 6/7
n= 200
32.7%

>38 0/7
n= 412
67.3%

Age (years, meanþ SD) 30þ 5.2 29.3þ 5.2 0.914

Gestational age
(weeks, meanþ SD)

37þ 0 38.8þ 0.9 <0.001

Parity (%)

1 23 20.9

2–4 43 47.1 0.627

5þ 34 32

Diabetes mellitusb (%) 14 7.3 0.008

Hypertensive disorders of
pregnancyc (%)

12 6.3 0.016

Fertility treatment (%)

Ovulation induction 12 10.2 0.040

In vitro fertilization 15 8.7

Induction of labor (%) 16 17 0.758

Cesarean delivery (%) 52 45.1 0.111

aCalculated for all using the chi-square test for trends.
bIncluding pre-gestational and gestational diabetes.
cIncluding chronic hypertension, gestational hypertension, and preeclampsia with or without
severe features.
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A multicenter randomized controlled trial of uncomplicated
twin pregnancies studied the short- and long-term morbidities
of infants in two term groups – elective birth group, planned for
37 weeks of gestation, and standard care group, planned for deliv-
ery after 38 weeks of gestation. The authors found that infants in
the elective birth group were at a statistically significant lower risk
of birthweight less than the third centile (for gestational age and
infant sex), when compared with infants in the standard care
group (3.0% vs 10.1%, respectively; RR 0.30; 95% CI 0.13–0.67;
p= 0.004). There were no other statistically significant differences
identified in the individual components of the short- and long-
term morbidity outcomes between the two treatment groups32.

Some population‐based data indicate that for women whose
twin gestation continues beyond 37 weeks of gestation, a higher
risk of perinatal mortality is noted16,33. However, these studies
mostly have not differentiated between monochorionic and
dichorionic twin pregnancies.

Bellizzii et al. found around three times increased odds of neo-
natal death in twins in low- and middle-income countries com-
pared to singletons after adjusting for birthweight34. Cheong-See
et al. concluded that delivery should be considered before 38 weeks
of gestation in order to minimize the perinatal death risk in
uncomplicated dichorionic twin pregnancies21.

In terms of maternal background characteristics, we observed
the exposed group to exhibit significantly higher rates of maternal
diabetes and hypertensive disorders as compared to later term
gestational ages (14.7% vs 7.3% for diabetes, and 12% vs 6.3%
for hypertension). These increased rates must be considered, as
maternal comorbidities may potentially mediate the cause of
increased iatrogenically induced early-term births. In addition,
pregnancies following fertility treatments were more common in
the exposed group. It is well established that fertility treatments
are associated with increased rates of prematurity and other preg-
nancy complications in singleton pregnancies35. Therefore, we
adjusted for maternal diabetes and hypertensive disorders, as well
as for small-for-gestational-age birthweight in the regression
model and observed no impact on long-term childhood hospitali-
zation rate in exposed infants.

Uniquely for our study population, SUMC is the only tertiary
medical center treating the entire population of the Negev region,
allowing thus true long-term follow-up of offspring health. The
long-term follow-up allowed us to closely examine any hospitaliza-
tions during childhood. In addition, our dataset combines maternal,
neonatal, and long-term childhood data, enabling us to examine the
long-term outcomes of offspring with the ability to control for many
parameters and potential confounders surrounding pregnancy and

Table 2. Selected neonatal demographic characteristics and short-term outcomes in the different gestational age groups

Characteristics/short-term outcome

Gestational age in weeks/days

Odds ratio (95% CI) p value

37 0/7–37 6/7
n= 200

%

>38 0/7
n= 412

%

Gender (%)

Female 50 50 – 1

Male 50 50

Meconium-stained amniotic fluid 2 5.1 0.38 (0.13–1.12) 0.069

Birthweight (grams, mean ± SD) 2555.6þ 351.4 2748.9þ 376.6 – 0.524

Low birthweighta 43.0 24.3 2.35 (1.64–3.37) <0.001

Small for gestational ageb 18.0 27.7 0.57 (0.38–0.87) 0.009

Apgar score <7 at 1 min 4.0 7.8 0.50 (0.22–1.10) 0.077

Apgar score <7 at 5 min 0.5 1.5 0.34 (0.41–2.84) 0.297

Perinatal mortalityc 0 0 – –

aDefined as birthweight< 2500 grams.
bSmall for gestational age, defined as <5th centile birthweight for gestational age and for gender.
cIncluding intrauterine (ante- and intrapartum fetal death) and postpartum (neonatal) death.

Table 3. Incidence rates and Cox regression model of selected long-term morbidities in children (up to age 18 years) in the different gestational age groups

Long-term outcome (n)

Gestational age in weeks

Odds ratio (95% CI) p value Adjusted hazard ratioa (95% CI) p value
37 0/7–37 6/7

n (%)
> 38 0/7
n (%)

Cardiac (3) 1 (0.5) 2 (0.5) 1.03 (0.09–11.4) 0.981 1.15 (0.10–12.7) 0.912

Respiratory (16) 7 (3.5) 9 (2.2) 1.62 (0.60–4.43) 0.339 1.67 (0.62–4.48) 0.310

Hematology (5) 3 (1.5) 2 (0.5) 3.12 (0.52–18.8) 0.191 3.64 (0.61–21.8) 0.158

Neurologic (25) 11 (5.5) 14 (3.4) 1.66 (0.74–3.71) 0.218 1.79 (0.81–3.95) 0.149

Infectious (55) 23 (11.5) 32 (7.8) 1.54 (0.88–2.71) 0.130 1.62 (0.95–2.76) 0.079

aControlled for follow-up length.
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delivery. That said, the main limitation of our study lies within its
retrospective design. As a population-level analysis, our study can
support or refute only an association but not causation, or under-
lying pathogenesis. Additionally, we included only twins with dis-
cordant sexes to insure dizygotic pregnancies. Thus, we excluded
a large number of twin pregnancies from our cohort, many of which
were probably dizygotic but sex concordant. We focused only on
hospitalization at SUMC. Thus, any medical encounters occurring
at an ambulatory setting or at a different hospital, for any reason,
were not accounted for. It is possible that some hospital encounters
occurred outside of this large tertiary regional medical center due to
immigration.We can see no reason, however, that immigration rates
would be different across the gestational age groups and thus believe
that its specific impact on our results is probably minor.

To the best of our knowledge, we are the first to evaluate long-
term outcomes, via childhood hospitalization incidence, related to
different gestational ages within term gestation in a pure cohort of
established dizygotic twin pregnancies.

To conclude, different term gestational ages at birth in dizygotic
twin pregnancies do not appear to be associated with significantly
different perinatal mortality rates or with a significantly increased
long-term risk of pediatric hospitalizations in different major
health categories. We believe that our results are reassuring and
should be incorporated into the discussion surrounding delivery
timing in these pregnancies.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S2040174420000100

Acknowledgements. None.

Financial Support. This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

Conflict of Interest. None.

Ethical Standards. None.

References

1. Alrahmani L, Abdelsattar ZM, Adekola H, Gonik B, Awonuga A.
Adolescence and risk of preterm birth in multifetal gestations. J Matern
Fetal Med. 2019; 32(8), 1321–1324.

2. Okby R, Druyan Y, SonenklarM, et al. Fertility treatment as a risk factor for
maternal request of cesarean delivery in twin pregnancies. Arch Gynecol
Obstet. 2016 Nov; 294(6), 1183–1187.

3. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK, Drake P. Births:
Final data for 2017. National Vital Statistics Reports; vol 67 no 8.
Hyattsville, MD: National Center for Health Statistics. 2018. Available
from: https://www.cdc.gov/nchs/data/nvsr/nvsr67/nvsr67_08-508.pdf

4. Weiner E, Barber E, Feldstein O, et al. Placental histopathology
differences and neonatal outcome in dichorionic–diamniotic as com-
pared to monochorionic–diamniotic twin pregnancies. Reprod Sci.
2018; 25(7), 1067–1072.

5. Okby R, Harlev A, Sacks KN, Sergienko R, Sheiner E. Preeclampsia acts
differently in in vitro fertilization versus spontaneous twins. Arch
Gynecol Obstet. 2018 Mar; 297(3), 653–658.

6. Spong CY. Defining “term” pregnancy: recommendations from the defin-
ing “Term” Pregnancy Workgroup. JAMA. 2013; 309(23), 2445–2446.

7. Baghdadi S, Gee H, Whittle MJ, Khan KS. Twin pregnancy outcome and
chorionicity. Acta Obstet Gynecol Scand. 2003; 82, 18–21.

8. Lee YM. Delivery of twins. Semin Perinatol. 2012; 36(3), 195–200.

6.0E-3

5.0E-3

4.0E-3

3.0E-3

2.0E-3

1.0E-3

0.0E-0

0.00

0.125

0.100

0.075

0.050

0.025

0.000 0.000

0.005

0.010

0.015

0.020

0.025

C
um

ul
at

iv
e 

ha
za

rd

C
um

ul
at

iv
e 

ha
za

rd

C
um

ul
at

iv
e 

ha
za

rd

C
um

ul
at

iv
e 

ha
za

rd

C
um

ul
at

iv
e 

ha
za

rd

5.00 10.00 15.00 20.00 0.00 5.00 10.00 15.00 20.00

0.00 5.00 10.00 15.00 20.000.00 5.00 10.00 15.00 20.00

0.00 5.00 10.00

follow_up_5_yearsfollow_up_2_yearsfollow_up_1_years

Hazard function Hazard function

Hazard functionHazard functionHazard function

follow_up_8_years follow_up_years_hemato

15.00 20.00

0.04

0.06

0.04

0.02

0.00

0.03

0.02

0.01

0.00

Fig. 1. The cumulative hospitalizations incidence per each selected major-system category over the study period (years) according to gestational age within term.

92 M. Imterat et al.

https://doi.org/10.1017/S2040174420000100 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174420000100
https://www.cdc.gov/nchs/data/nvsr/nvsr67/nvsr67_08-508.pdf
https://doi.org/10.1017/S2040174420000100


9. Machado LC, Passini R, Rosa IR, Carvalho HB. Neonatal outcomes of late
preterm and early term birth. Eur J Obstet Gynecol Reprod Biol. 2014; 179,
204–208.

10. Clark SL, Miller DD, Belfort MA, et al. Neonatal and maternal outcomes
associated with elective term delivery. Obstet Gynecol. 2009; 200(2),
156:e4.

11. Walfisch A, Beharier O, Wainstock T, et al. Early‐term deliveries as an
independent risk factor for long‐term respiratory morbidity of the off-
spring. Pediatr Pulmonol. 2017; 52(2), 198–204.

12. Chan E, Leong P, Malouf R, Quigley MA. Long‐term cognitive and school
outcomes of late‐preterm and early‐term births: a systematic review. Child
Care Health Dev. 2016; 42(3), 297–312.

13. Noble KG, Fifer WP, Rauh VA, Nomura Y, Andrews HF. Academic
achievement varies with gestational age among children born at term.
Pediatrics. 2012; 130(2), e257–e264.

14. Luke B. Reducing fetal deaths in multiple births: optimal birthweights and
gestational ages for infants of twin and triplet births. Acta Genet Med
Gemellol (Roma). 1996; 45, 333.

15. Leveno KJ, Quirk JG, Whalley PJ, Herbert WN, Trubey R. Fetal lung matu-
ration in twin gestation. Am J Obstet Gynecol. 1984; 148(4), 405–411.

16. Minakami H, Sato I. Re‐estimating the date of delivery in multifetal preg-
nancies. JAMA. 1996; 275, 1432–1434.

17. Breathnach FM, McAuliffe FM, Geary M, et al. Optimum timing for
planned delivery of uncomplicated monochorionic and dichorionic twin
pregnancies. Obstet Gynecol. 2012; 119(1), 50–59.

18. Committee on Practice Bulletins—Obstetrics, Society for maternal–fetal
medicine. Practice Bulletin No. 169: Multifetal gestations: twin, triplet,
and higher-order multifetal pregnancies. Obstet Gynecol. 2016; 128, e131.

19. Vayssière C, Benoist G, Blondel B, et al. Twin pregnancies: guidelines for
clinical practice from the French College of Gynaecologists and
Obstetricians (CNGOF). Eur J Obstet Gynecol Reprod Biol. 2011; 156(1),
12–17.

20. National Collaborating Centre for Women’s and Children’s Health (UK).
Multiple pregnancy: The management of twin and triplet pregnancies in the
antenatal period. London: RCOG Press; 2011 Sep. (NICE Clinical
Guidelines, No. 129.) 10, Timing of birth. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK83107/.

21. Cheong-See F, Schuit E, Arroyo-Manzano D, et al. Prospective risk of still-
birth and neonatal complications in twin pregnancies: systematic review
and meta-analysis. BMJ. 2016; 354, i4353.

22. Kiely JL. The epidemiology of perinatal mortality in multiple births. Bull N
Y Acad Med. 1990; 66(6), 618.

23. Kahn B, Lumey LH, Zybert PA, et al. Prospective risk of fetal death in sin-
gleton, twin, and triplet gestations: implications for practice. Obstet
Gynecol. 2003; 102, 685.

24. Statistics TCBo [Centeral Bureau of Statistics]. Localities in Israel, 2008–2017.
[updated February 06, 2019]. Available from: https://www.cbs.gov.il/he/
mediarelease/DocLib/2019/042/01_19_042b.pdf.

25. Be’er Sheva [Go South]. Israel [updated September 2017]. Available from:
https://www.nbn.org.il/gosouth/community_profile/beer-sheva

26. Gouyon JB, Vintejoux A, Sagot P, et al. Neonatal outcome associated with
singleton birth at 34–41 weeks of gestation. Int J Epidemiol. 2010; 39(3),
769–776.

27. Imterat M, Wainstock T, Moran-Gilad J, Sheiner E, Walfisch A. The asso-
ciation between gestational age and otitis media during childhood: a pop-
ulation-based cohort analysis. J Dev Orig Health Dis. 2019; 10(2), 214–220.

28. Gutvirtz G, Wainstock T, Sheiner E, Landau D, Walfisch A. Pediatric
cardiovascular morbidity of the early term newborn. J Pediatr. 2018;
194, 81–86.e2.

29. Levy DP, Sheiner E,Wainstock T, et al. Evidence that children born at early
term (37-38 6/7 weeks) are at increased risk for diabetes and obesity-related
disorders. Am J Obstet Gynecol. 2017; 217(5), 588. e11.

30. Walfisch A, Wainstock T, Beharier O, Landau D, Sheiner E. Early term
deliveries and the risk of pediatric obstructive sleep apnoea in the offspring.
Paediatr Perinat Epidemiol. 2017; 31(2), 149–156.

31. Stern E, Cohen N, Odom E, et al. Long-term outcomes of twins based on
gestational age at delivery. J Matern Fetal Med. 2018; 31(23), 3102–3107.

32. Dodd JM, Crowther CA, Haslam RR, Robinson JS. Twins Timing of Birth
Trial Group. Elective birth at 37 weeks of gestation versus standard care for
women with an uncomplicated twin pregnancy at term: The Twins Timing
of Birth Randomised Trial. Br J Obstet Gynaecol. 2012; 119(8), 964–974.

33. Hartley R, Emanuel I, Hitti J. Perinatal mortality and neonatal morbidity
rates among twin pairs at different gestational ages: optimal delivery timing
at 37–38 weeks’ gestation. Am J Obstet Gynecol. 2001; 184, 451–458.

34. Bellizzi S, Sobel H, Betran AP, Temmerman M. Early neonatal mortality in
twin pregnancy: Findings from 60 low- and middle-income countries.
J Glob Health. 2018; 8(1), 010404.

35. Welmerink DB, Voigt LF, Daling JR, Mueller BA. Infertility treatment use
in relation to selected adverse birth outcomes. Fertil Steril. 2010; 94(7),
2580–2586.

Journal of Developmental Origins of Health and Disease 93

https://doi.org/10.1017/S2040174420000100 Published online by Cambridge University Press

https://www.ncbi.nlm.nih.gov/books/NBK83107/
https://www.ncbi.nlm.nih.gov/books/NBK83107/
https://www.cbs.gov.il/he/mediarelease/DocLib/2019/042/01_19_042b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2019/042/01_19_042b.pdf
https://www.nbn.org.il/gosouth/community_profile/beer-sheva
https://doi.org/10.1017/S2040174420000100

	Optimal delivery timing for dizygotic twins - the short- and long-term perspective
	Introduction
	Methods
	Statistical analysis
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


