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Abstract Objective We sought to compare neonatal outcomes in twin pregnancies following
moderately preterm birth (MPTB), late preterm birth (LPTB), and term birth and
determine the indications of LPTB.
Study Design We performed a retrospective cohort study. MPTB was defined as
delivery between 320/7 and 336/7 weeks and LPTB between 340/7 and 366/7 weeks. The
composite neonatal adverse respiratory outcome was defined as respiratory distress
syndrome and/or bronchopulmonary dysplasia. The composite neonatal adverse non-
respiratory outcome included early onset culture-proven sepsis, necrotizing enterocoli-
tis, retinopathy of prematurity, intraventricular hemorrhage, or periventricular
leukomalacia. LPTB cases were categorized as spontaneous (noniatrogenic), evi-
dence-based iatrogenic, and non-evidence-based (NEB) iatrogenic.
Results Of the 747 twin deliveries during the study period, 453 sets met the inclusion
criteria with 22.7% (n ¼ 145) MPTB, 32.1% (n ¼ 206) LPTB, and 15.9% (n ¼ 102) term
births. Compared with term neonates, the composite neonatal adverse respiratory
outcome was increased following MPTB (relative risk [RR] 24; 95% confidence interval
[CI] 3.0 to 193.6) and LPTB (RR 13.7; 95% CI 1.8 to 101.8). Compared with term
neonates, the composite neonatal adverse nonrespiratory outcome was increased
following MPTB (RR 22.3; 95% CI 3.9 to 127.8) and LPTB (RR 5.5; 95% CI 1.1 to
27.6). Spontaneous delivery of LPTB was 63.6% (n ¼ 131/206) and the rate of iatrogenic
delivery was 36.4% (n ¼ 75/206). The majority, 66.6% (n ¼ 50/75), of these iatrogenic
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Late preterm births (LPTBs), which constitute more than 70%
of all preterm deliveries (240/7 to 366/7 weeks’ gestation),1

have recently garnered increased attention due to consistent
demonstration of higher than previously expected neonatal
morbidity and mortality in this group. In fact, this has led to
the classification of pretermdeliveries intovery pretermbirth
(VPTB, 240/7 to 316/7 weeks), moderately preterm births
(MPTB, 320/7 to 336/7 weeks), and LPTBs (34°/7 to 366/7

weeks).2–4 In an effort to decrease the prevalence of LPTB,
there has been increased focus on the obstetric indications
leading to these deliveries. Also,MPTB infants have significant
prematurity-related morbidities of all preterm births in the
United States.17

Unfortunately, these efforts have predominantly involved
singleton pregnancies, and there remains a paucity of data
regarding obstetric indications leading to LPTB in twin ges-
tations. The morbidity associated with preterm births (PTBs)
coupledwith the increasing rates of twin gestations and their
associated preterm deliveries make this an important public
health concern. Consequently, the objective of this study was
to compare neonatal outcomes in twin pregnancies following
MPTB, LPTB, and term birth in diamniotic twin pregnancies
and to identify obstetric indications leading to early non-
spontaneous delivery.

Methods and Materials

We conducted a retrospective cohort analysis of all twin
deliveries at our institution between January 1, 1991, and
January 1, 2011. Approval from the Committee for the
Protection of Human Subjects Institutional Review Board at
the University of Connecticut Health Center was obtained
prior to data collection.

Inclusion criteria were twin gestation with two live-born
infants and delivery after 320/7 weeks of gestation. Exclusion
criteria included cases complicated by pregnancies with
major congenital malformations, Rh alloimmunization,
monoamniocity, and twin-to-twin transfusion syndrome.
Subjects were categorized as MPTB (delivery between 320/7

and 336/7 weeks), LPTB (delivery between 340/7 and 366/7

weeks), and term birth (TB, delivery after 370/7). The TB group
served as the referent population.

Demographic data were abstracted from the prenatal and
inpatient records. Gestational age, chorionicity, and amnio-
nicity were determined from prenatal records. In cases of

uncertain last menstrual period, ultrasound-determined ges-
tational agewas used. Obstetric variables of interest included
gestational hypertension and preeclampsia, gestational and
pregestational diabetes, and treatment with antenatal corti-
costeroids and/or magnesium sulfate were abstracted from
the prenatal and inpatient records.

Neonatal outcomes of interest were defined as respiratory
distress syndrome based on the clinical findings of respirato-
ry distress and chest X-ray findings of a diffuse reticulogra-
nular pattern with air bronchograms5; days of mechanical
ventilation and/or continuous or intermittent positive airway
pressure; intraventricular hemorrhage based on the Papile
classification of cranial ultrasound findings of blood in the
germinal matrix or ventricular system with or without
ventricular dilatation6; necrotizing enterocolitis based on
Bell’s classification (stage II and above)7; periventricular
leukomalacia as diagnosed by cerebral ultrasound findings
of increased echogenicity and cystic lesions in the periven-
tricular white matter8; retinopathy of prematurity (ROP)
based on pediatric ophthalmologic exam using the interna-
tional classification of ROP9; bronchopulmonary dysplasia
diagnosed by the presence of chronic respiratory distress
with an oxygen requirement beyond 28 days of life, accom-
panied by characteristic chest roentgenogram findings10;
early culture-proven sepsis defined as positive bacterial
culture from samples obtained within the first 3 days
of life; and length of hospitalization based on final
discharge to a nonmedical facility. The composite neonatal
adverse respiratory outcome was defined as respiratory
distress syndrome and/or bronchopulmonary dysplasia. The
composite neonatal adverse nonrespiratory outcome includ-
ed early onset culture-proven sepsis, necrotizing entero-
colitis, ROP, intraventricular hemorrhage, or periventricular
leukomalacia.

We categorized the indication for LPTB using current
recommendations endorsed by the American Congress of
Obstetricians and Gynecologists (ACOG)11 or published ex-
pert opinion (level III evidence). Spontaneous (noniatrogenic)
causes of preterm delivery included cases of either premature
rupture of membranes or preterm labor with intact mem-
branes. Iatrogenic deliveries (indicated) were further catego-
rizes as follows: deliveries based on obstetric indications
supported by ACOG guidelines and /or expert opinion (level
III evidence and expert opinion) were defined as evidence-
based (EB), and deliveries based on obstetric indications not

deliveries were deemed NEB, giving a total of 24.2% (50/206) NEB deliveries in LPTB
group.
Conclusion Our data demonstrate a high rate of late preterm birth among twin
pregnancies, with over half of nonspontaneous early deliveries due to NEB indications.
Although our morbidity data will be helpful to providers in counseling patients, our
finding of high NEB indications underscores the need for systematic evaluation of
indications for delivery in LPTB twin deliveries. Furthermore, this may lead to more
effective LPTB rate reduction efforts.
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supported by either of these were labeled non-EB
(NEB; ►Table 1). All the NEB deliveries with no clear reason
defined as elective.

Each twin was treated as one observation in the analysis.
We created three categories of delivery time and compared
other variables across these categories. We used analysis of
variance to compare parametric continuous variables and
Kruskal-Wallis test to compare nonparametric continuous
variables across categories of delivery time. To compare the
distribution of categorical variables between groups of deliv-
ery time, chi-square test or Fisher exact test was used. Risk of
having a respiratory or nonrespiratory outcome,was assessed
in MPTB and LPTB neonates relative to term neonates, after
adjustment for antenatal corticosteroid and magnesium sul-
fate treatment, using multiple logistic regression models. We
additionally adjusted our models for maternal age, diabetes,
chronic hypertension, prior preterm birth, and in vitro fertil-
ization. In this study, the unit of analysis is a twin. To account
for a potential nonindependence of twin outcomes, we also
used generalized estimating equation models. A significance
level of 0.05 was used to reject the null hypothesis. Data was
analyzed using SAS version 9.2.

Results

Of the 747 twin deliveries during the study period, 453 sets
met the inclusion criteria with 22.7% (n ¼ 145) MPTB, 32.1%
(n ¼ 206) LPTB, and 15.9% (n ¼ 102) term births (►Fig. 1).

Maternal factors were similar among the three groups
except for older age among women who delivered at term
(►Table 2). There were no neonatal deaths in the three
groups. The rates of the adverse neonatal outcomes as defined
by composite outcomes (respiratory and nonrespiratory)
were significantly higher in those twins with MPTB and
LPTB compared with term births (►Table 3). The relative
riskof neonatal adverse outcomes (composite respiratory and
nonrespiratory outcomes) increased progressively from
MPTB to LPTB to TB with and without adjustment for other
confounding factors (►Tables 4A and 4B). Neonatal character-
istics and the specific short-term neonatal outcomes of their
906 infants are shown in ►Table 5.

Obstetric indications such as preeclampsia or gestational
hypertension, and antepartum interventions such as antena-

tal corticosteroid or magnesium sulfate therapy were signifi-
cantly higher in earlier gestations (►Table 6).

Indications for delivery in the LPTB were shown
in ►Table 7. Spontaneous delivery of LPTB was 63.6%
(n ¼ 131/206) and the rate of iatrogenic delivery in this
late preterm cohort was 36.4% (n ¼ 75/206). The majority,
66.6% (n ¼ 50/75), of these iatrogenic deliveries were
deemed NEB, giving a total of 24.2% (50/206) NEB deliveries
in LPTB group. All the elective deliveries were between 360/7

and 366/7 weeks. The mean gestational age at delivery was
higher in the NEB group (36.1 weeks) than in the EB group
(35.2 weeks; p < 0.001). In the univariate analysis, neonates
in the NEB group had a lower median length of stay in the
neonatal intensive care unit (14 days versus 5 days,
p < 0.032). The rates of the adverse neonatal composite
outcomes (respiratory and nonrespiratory) were not signifi-
cantly different between NEB and EB groups.

Discussion

In this cohort study, we sought out to estimate the increased
perinatal risk associated with MPTB and LPTB in uncompli-
cated diamniotic twin pregnancies and to identify obstetric

Table 1 Categorization of indications for iatrogenic delivery

Evidence-based Non-evidence-based

Severe preeclampsia/eclampsia/HELLP syndrome Mild preeclampsia/gestational hypertension

Nonreassuring fetal status IUGR with normal testing and adequate interval growth

Acute abruption Oligohydramnios

Prior classical cesarean delivery

Placenta previa

Cholestasis of pregnancy

No clear indication (elective)

Abbreviations: HELLP syndrome, hemolysis, elevated liver enzymes, low platelet count; IUGR, intrauterine growth restriction.

Fig. 1 Proportion of twin pairs delivering moderately preterm, late
preterm, and term births in the study.
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Table 2 Maternal characteristics

MPTB
(145 twin pairs)

LPTB
(206 twin pairs)

TB
(102 twin pairs)

p value

Maternal age, y (SD) 29.6 (5.8) 31 (6.1) 32.8 (6) <0.0001

Mean gestational age at delivery, wk (SD) 33 (0.6) 35.3 (0.9) 37.8 (0.6) <0.0001

Prior preterm births (%) 11 (7.6) 23 (11.2) 5 (4.9) 0.0331

Prior term births (%) 65 (44.8) 82 (39.8) 46 (45.1) 0.2975

Start BMI (SD) 25.9 (6.2) 26.2 (6.6) 25 (5.7) 0.1622

Smoking (%) 13 (9.0) 11 (5.3) 7 (6.9) 0.1729

Race (%) 0.3457

Caucasian 115 (79.3) 167 (81.1) 72 (70.6)

African-American 3 (2.1) 5 (2.4) 7 (6.9)

Hispanic 13 (9.0) 14 (6.8) 10 (9.8)

Other 14 (9.6) 20 (9.7) 13 (12.7) 0.2834

Diabetes (%) 13 (9.0) 25 (12.1) 6 (5.9) 0.0529

CHTN (%) 19 (13.1) 37 (18.0) 12 (11.8) 0.0524

IVF (%) 9 (8.8) 32 (15.5) 17 (11.7) 0.0343

Mono-Di twins (%) 30 (20.7) 35 (17.0) 16 (15.7) 0.2938

Abbreviations: BMI, body mass index; CHTN, chronic hypertension; IVF, in vitro fertilization; LPTB, late preterm birth; Mono-Di twins, monochorionic-
diamniotic twins; MPTB, moderately preterm birth; TB, term birth; SD, standard deviation.
Note: Results are mean � standard deviation or n (%).

Table 3 The composite neonatal adverse outcomes

MPTB
(290 neonates)

LPTB
(412 neonates)

TB
(204 neonates)

p value

Respiratory outcome (%) 50 (17.2) 35 (8.5) 1 (0.5) <0.0001

Nonrespiratory outcomes (%) 29 (10.0) 16 (3.9) 2 (1) <0.0001

Abbreviations: LPTB, late preterm birth; MPTB, moderately preterm birth; TB, term birth.
Note: Results are n (%). Primary respiratory outcomes: respiratory distress syndrome and bronchopulmonary dysplasia. Primary nonrespiratory
outcomes: early onset culture-proven sepsis, necrotizing enterocolitis, retinopathy of prematurity, intraventricular hemorrhage, periventricular
leukomalacia.

Table 4A Relative risk of adverse neonatal outcomes among LPTB and MPTB twin gestations compared with TB twin gestations

Composite neonatal outcomes Delivery time OR (95% Wald confidence limits)

Crude Adjusteda Adjustedb

Respiratory

LPTB vs. TB 18.8 (2.6–138.6) 17.6 (2.4–129.7) 16.7 (2.2–123.4)

MPTB vs. TB 42.3 (5.8–308.8) 35.2 (4.7–261.9) 29.9 (4–223.9)

Nonrespiratory

LPTB vs. TB 4.1 (0.9–17.9) 4.7 (1.1–20.6) 4.3 (1–19)

MPTB vs. TB 11.2 (2.6–47.5) 17.6 (4.1–76.5) 18.4 (4.2–81.3)

Abbreviations: LPTB, late preterm birth; MPTB, moderate preterm birth; TB, term birth.
Note: Primary respiratory outcomes: respiratory distress syndrome, and bronchopulmonary dysplasia. Primary nonrespiratory outcomes: early onset
culture-proven sepsis, NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; intraventricular hemorrhage, periventricular leukomalacia.
aAdjusted for antenatal corticosteroid use and administration of magnesium sulfate.
bAdditionally adjusted for maternal age, diabetes, chronic hypertension, prior preterm birth, and in vitro fertilization.
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indications leading to early nonspontaneous delivery. We
found that the majority of nonspontaneous LPTBs were
NEB. In fact, 24.2% of our late preterm cohort was delivered
for NEB indications, many of which could be classified as
perhaps “avoidable.” Due to the well-established morbidity
associated with LPTB, coupled with the higher than antici-
pated rate of NEB deliveries, our findings underscore the need
for a thorough examination of indications leading to LPTB in

twin pregnancies. Indeed, our results implicated mild pre-
eclampsia/gestational hypertension (10.2%), intrauterine
growth restriction with reassuring antenatal testing and/or
oligohydramnios (6.3%), and no clear cause (elective; 5.8%) as
leading causes for NEB LPTB.

The rate of multifetal pregnancies, specifically twin ges-
tations, has risen in recent years, most likely as a consequence
of fertility treatments and delayed childbearing.12,13

Table 4B Relative risk of adverse neonatal outcomes among late and moderate preterm birth Twin gestations compared with term
twin gestations (calculated using generalized estimating equation models to account for a nonindependence of twin outcomes)

Composite neonatal outcomes Delivery time OR (95% Wald confidence limits)

Crude Adjusteda Adjustedb

Respiratory

LPTB vs. TB 18.3 (2.6–128.6) 14.9 (2.1–108.4) 13.7 (1.8–101.8)

MPTB vs. TB 41 (5.9–286.5) 29.3 (3.7–232.3) 24 (3–193.6)

Nonrespiratory

LPTB vs. TB 4 (0.9–17.6) 5.6 (1.2–27.4) 5.5 (1.1–27.6)

MPTB vs. TB 11 (2.6–46.8) 20.8 (3.9–110.3) 22.3 (3.9–127.8)

Abbreviations: LPTB, late preterm birth; MPTB, moderate preterm birth; TB, term birth.
Note: Primary respiratory outcomes: respiratory distress syndrome, and bronchopulmonary dysplasia. Primary nonrespiratory outcomes: early onset
culture-proven sepsis, NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; intraventricular hemorrhage, periventricular leukomalacia.
aAdjusted for antenatal corticosteroid use and administration of magnesium sulfate.
bAdditionally adjusted for maternal age, diabetes, chronic hypertension, prior preterm birth, and in vitro fertilization.

Table 5 Neonatal characteristics and individual outcomes

MPTB
(290 neonates)

LPTB
(412 neonates)

TB
(204 neonates)

p value

Birth weight, g (SD) 1,894.3 (327.6) 2,329.1 (430.2) 2,749.6 (380.7) <000.1

Female gender (%) 140 (48.3) 228 (55.3) 112 (54.9) 0.1314

RDS, n (%) 50 (17.2) 33 (8.0) 1 (0.5) <0.0001

Early sepsis, n (%) 22 (7.5) 13 (3.1) 1 (0.5) 0.0001

NEC, n (%) 2 (0.6) 3 (0.7) 0 (0) 0.6190

BPD, n (%) 7 (2.4) 5 (1.2) 0 (0) 0.0545

ROP, n (%) 3 (1.0) 0 (0) 0 (0) 0.0439

IVH, n (%)

I and II 3 (1.0) 0 (0) 0 (0)

III and IV 1 (0.3) 0 (0) 1 (0.5) 0.0303

Apgar 5 min < 7, n (%) 8 (2.7) 7 (1.7) 1 (0.5) 0.1764

MV, n (%) 55 (18.9) 31 (7.5) 2 (1.0) <0.0001

CPAP, n (%) 109 (37.6) 81 (19.6) 5 (2.4) <0.0001

NICU admission, n (%) 290 (100.0) 262 (63.6) 17 (8.3) <0.0001

Median length of NICU, d (range) 20 (4–101) 13 (1–56) 5 (2–113) <0.0001

PVL 0 (0) 0 (0) 0 (0) NA

Abbreviations: BPD, bronchopulmonary dysplasia; CPAP, continuous or intermittent positive airway pressure; IVH, intraventricular hemorrhage; LPTB,
late preterm birth; MPTB, moderate preterm birth; MV, mechanical ventilation; NA, not applicable; NEC, necrotizing enterocolitis; NICU, neonatal
intensive care unit; PVL, periventricular leukomalacia; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; SD, standard deviation; TB,
term birth.
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Similarly, between 1980 and 2006, the percentage of births
that were preterm rose from 9.4 to 12.7%—a rise of nearly
30%.1,13,14 The percentage of twins delivered preterm has
risen more than singletons, from 48 to 60% in the last two
decades.14 Consequently, there has been increased focus on
strategies aimed at decreasing the rate of LPTBs, with atten-
tion on the specific indications for delivery in these cases.
Similar to findings by Gyamfi-Bannerman and colleagues, the
majority of nonspontaneous LPTB in our cohort were NEB.15

The 24.2% rate of NEB deliveries in our LPTB patients is
alarming. Even EB indications for LPTB are still only based
on level III evidence/expert opinion.11 This finding under-
scores the need for critical examination of all the indications
for delivery in these patients.

The concept of composite adverse respiratory and non-
respiratory outcomes has previously been well utilized.16 We
demonstrated a progressive increase in composite neonatal
morbidity in twin pregnancies that ended with MPTB and
LPTB compared with term deliveries. These findings are
similar to and support those of the twin outcome study
from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development Maternal-Fetal Medicine

Units Network.16 We found respiratory distress syndrome to
be the most common individual morbidity with a 17-fold
increase among MPTB and an 8-fold increase in LPTB com-
pared with term twins.

Infants born moderately preterm constitute approximate-
ly 32% of all preterm births in the United States, with signifi-
cant prematurity-related morbidities.17 In one study, 45% of
these babies required assisted ventilation and had a readmis-
sion rate within 3 months of 11.2%.17 Similarly, we found
significantly higher composite respiratory and nonrespira-
tory morbidity in MPTB when compared with LPTB and TB
neonates. Thus a significant portion of neonatal intensive care
unit costs can be attributed to this group of patients, further
highlighting the need to reevaluate the risks, benefits, and
cost implications of earlier delivery in this group of patients.

We also need to weigh the risk of adverse neonatal
outcomes against the risk of stillbirth that increases with
gestation. Perinatal mortality among twin births declined
close to 40% between 1989 and 2000.18 This temporal trend of
increasing twin preterm birth may actually be beneficial
insofar as preventing perinatal death and may be a topic
worthy of continued research.19

Table 6 Clinical characteristics

MPTB
(145 mothers)

LPTB
(206 mothers)

TB
(102 mothers)

p value

ACS 86 (59.3) 75 (36.4) 18 (17.6) <0.0001

Mag sulfate 79 (54.4) 62 (30.1) 12 (11.7) <0.0001

Preeclampsia or PIH 15 (10.3) 17 (8.2) 4 (3.9) <0.0001

PPROM 48 (33.1) 40 (19.4) 0 <0.0001

Cesarean delivery 94 (64.8) 142 (68.9) 70 (68.6) 0.4533

V/C 11 (7.6) 10 (4.8) 2 (1.9) 0.0008

Abbreviations: ACS, antenatal corticosteroid; LPTB, late preterm birth; Mag, administration of magnesium; MPTB, moderate preterm birth; PIH,
pregnancy-induced hypertension; PPROM, preterm premature rupture of membranes; TB, term birth; V/C, first twin vaginal delivery and second
cesarean delivery.

Table 7 Indications for LPTB in twin pregnancies (n ¼ 206)

Indications n (%) Cause of LPTB

Spontaneous preterm labor 69 (33.6) Spontaneous

PPROM 41 (19.9) Spontaneous

Spontaneous preterm labor/PPROM 21 (10.2) Spontaneous

Severe preeclampsia/eclampsia/HELLP syndrome 15 (7.2) Iatrogenic EB

Nonreassuring fetal status 9 (4.4) Iatrogenic EB

Mild preeclampsia/gestational hypertension 21 (10.2) Iatrogenic NEB

Intrauterine growth restriction and/or oligohydramnios 13 (6.3) Iatrogenic NEB

No clear indication (elective) 12 (5.8) Iatrogenic NEB

Other indicationsa 5 (2.4) Iatrogenic EB and NEB

Abbreviations: EB, evidence-based; HELLP syndrome; hemolysis, elevated liver enzymes, low platelet count; LPTB, late preterm birth; NEB, non-
evidence-based; PPROM, preterm premature rupture of membranes.
aOne abruption, one cholestasis of pregnancy, two placentae previae, one prior classical cesarean.
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This study has some limitations that merit discussion. This
study was retrospective in design and relied on chart review
to establish diagnoses. Not all the pregnancies were dated by
early ultrasound examination and as a result, the percentage
of LTPBs is likely overestimated. It is possible that some
diagnoses were over- or underdiagnosed, which has the
potential to bias our results. Although we did not consider
NEB deliveries as indicated, they may have been. However, to
the best of our ability, we could not see an evidence-based
reason barring expectant management. Nevertheless, this is
one of the largest studies in twin pregnancies examining the
indications and outcomes for LPTB.

Conclusions

Our data demonstrate a high rate of LPTB among twin
pregnancies, with over half of nonspontaneous early deliver-
ies due to NEB indications. Although our morbidity data will
be helpful to providers in counseling patients, our finding of
high NEB indications underscores the need for systematic
evaluation of indications for delivery in LPTB twin deliveries.
Furthermore, this may lead to more effective LPTB rate
reduction efforts.
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