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Background

Because of increased rates of respiratory complications, elective cesarean delivery is 
discouraged before 39 weeks of gestation unless there is evidence of fetal lung matu-
rity. We assessed associations between elective cesarean delivery at term (37 weeks of 
gestation or longer) but before 39 weeks of gestation and neonatal outcomes.

Methods

We studied a cohort of consecutive patients undergoing repeat cesarean sections 
performed at 19 centers of the Eunice Kennedy Shriver National Institute of Child 
Health and Human Development Maternal–Fetal Medicine Units Network from 
1999 through 2002. Women with viable singleton pregnancies delivered electively 
(i.e., before the onset of labor and without any recognized indications for delivery 
before 39 weeks of gestation) were included. The primary outcome was the compos-
ite of neonatal death and any of several adverse events, including respiratory com-
plications, treated hypoglycemia, newborn sepsis, and admission to the neonatal 
intensive care unit (ICU).

Results

Of 24,077 repeat cesarean deliveries at term, 13,258 were performed electively; of 
these, 35.8% were performed before 39 completed weeks of gestation (6.3% at 37 
weeks and 29.5% at 38 weeks) and 49.1% at 39 weeks of gestation. One neonatal 
death occurred. As compared with births at 39 weeks, births at 37 weeks and at 38 
weeks were associated with an increased risk of the primary outcome (adjusted odds 
ratio for births at 37 weeks, 2.1; 95% confidence interval [CI], 1.7 to 2.5; adjusted 
odds ratio for births at 38 weeks, 1.5; 95% CI, 1.3 to 1.7; P for trend <0.001). The 
rates of adverse respiratory outcomes, mechanical ventilation, newborn sepsis, hypo-
glycemia, admission to the neonatal ICU, and hospitalization for 5 days or more 
were increased by a factor of 1.8 to 4.2 for births at 37 weeks and 1.3 to 2.1 for 
births at 38 weeks.

Conclusions

Elective repeat cesarean delivery before 39 weeks of gestation is common and is 
associated with respiratory and other adverse neonatal outcomes.
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I nfants born before 39 weeks of gesta-
tion are at increased risk for neonatal adverse 
respiratory outcomes, and the risk increases 

progressively as gestational age at birth declines.1,2 
Thus, prelabor elective delivery (delivery in the ab-
sence of a specific maternal or fetal indication) is 
proscribed before 39 weeks unless fetal lung ma-
turity has been demonstrated.3,4 As compared 
with infants born vaginally, those born by cesar-
ean section are at increased risk for adverse respi-
ratory outcomes, especially when delivery occurs 
before the onset of labor.1,2,5-11 This increased 
risk persists even in infants who are delivered by 
cesarean section at full term (i.e., at or beyond 37 
completed weeks of gestation).

The rate of cesarean delivery in the United 
States rose from 20.7% in 1996 to 31.1% in 
2006.12 A major reason for this increase is the 
decline in the rate of attempted vaginal birth af-
ter cesarean delivery.13 Elective cesarean delivery 
may be scheduled to accommodate patient and 
physician convenience, and there is a risk that it 
may be performed earlier than is appropriate. 
Because approximately 40% of the 1.3 million 
cesarean deliveries performed annually in the 
United States are repeat procedures and the num-
ber of cesarean deliveries continues to rise, the 
timing of elective cesarean delivery has increas-
ingly important public health implications.14,15 
Therefore, we undertook the present study of a 
large, prospectively assembled cohort of women 
in the United States to describe the timing of 
elective repeat cesarean deliveries and to assess 
associations between delivery before 39 weeks 
and the risk of adverse neonatal outcomes.

Me thods

Patients

We selected our study cohort from the cesarean 
registry of the Eunice Kennedy Shriver National 
Institute of Child Health and Human Develop-
ment Maternal–Fetal Medicine Units Network. 
The registry contains detailed, prospectively col-
lected information on consecutive repeat cesare-
an deliveries performed at 19 U.S. academic cen-
ters from 1999 to 2002.16 Women who underwent 
cesarean delivery were identified daily by dedi-
cated, trained research personnel at each center, 
who collected maternal and neonatal informa-
tion on standardized study forms. The data forms 
allowed for each woman to have one major and 

one or two secondary indications for the cesare-
an delivery from an inclusive list of 20 prespeci-
fied options that included “other.”

Using the listed indications for cesarean de-
livery (a specific focus of the registry), as well as 
medical and obstetrical history, we defined a 
group of women who underwent an elective ce-
sarean delivery (i.e., a delivery performed in the 
absence of labor or other recognized medical or 
obstetrical indications for delivery) of a viable 
infant at 37 weeks of gestation or later (Fig. 1). 
Women who had multiple gestations or a fetus 
with a major congenital anomaly were excluded, 
as were women with other medical or obstetrical 
conditions that would warrant early or immediate 
delivery. Deliveries were categorized according 
to the number of completed weeks of gestation. 
Gestational age was determined by obstetrical 
providers with the use of standard criteria that 
took into consideration the clinical history and 
the results of the earliest ultrasound examina-
tion.17 If the findings on ultrasound examina-
tion were consistent with a gestational age based 
on a certain date of the last menstrual period, 
gestational age was determined according to the 
date of the last menstrual period; if the date of 
the last menstrual period was uncertain or the 
findings on ultrasound examination were incon-
sistent with a gestational age based on the date 
of the last menstrual period, gestational age was 
determined according to the results of the ultra-
sound examination.

Study Outcomes

The following neonatal outcomes were studied: 
death, adverse respiratory outcomes (respiratory 
distress syndrome or transient tachypnea of the 
newborn), hypoglycemia, newborn sepsis, con-
firmed seizures, necrotizing enterocolitis, hypoxic–
ischemic encephalopathy, cardiopulmonary resus-
citation or ventilator support within 24 hours 
after birth, umbilical-cord-blood arterial pH be-
low 7.0, a 5-minute Apgar score of 3 or below, 
admission to the neonatal intensive care unit 
(ICU), and prolonged hospitalization (5 days or 
longer). The prespecified primary outcome was a 
composite that included any of the above out-
comes. The infants were followed up until dis-
charge from the hospital or 120 days after birth, 
whichever came first.16

The diagnosis of respiratory distress syndrome 
required signs of respiratory distress, consistent 
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radiologic features, and oxygen therapy with a 
fraction of inspired oxygen (FiO2) of 0.40 or 
greater for at least 24 hours or until death. Tran-
sient tachypnea of the newborn was defined by the 
presence of tachypnea within hours after birth 
and typical radiologic findings. The diagnosis of 
necrotizing enterocolitis required confirmation 
by radiologic findings, surgery, or autopsy. The 
diagnosis of hypoglycemia required a serum or 
plasma glucose level of less than 35 mg per deci-
liter (1.9 mmol per liter) and treatment with intra-
venous glucose. Newborn sepsis included both 
suspected infections (with clinical findings sug-
gesting infection) and proved infections (as con-
firmed in a subgroup of neonates with positive 
cultures of blood, cerebrospinal fluid, or urine 
obtained by catheterization or suprapubic aspira-
tion; cardiovascular collapse; or an unequivocal 
radiograph confirming infection in a neonate with 
clinical sepsis). Small for gestational age was 
defined as a birth weight less than or equal to 
the 10th percentile, and large for gestational age 
as a birth weight greater than or equal to the 
90th percentile derived from sex- and race-specific 
growth curves.18

Statistical Analysis

Data were analyzed with the use of SAS software, 
version 8.2. The incidence of adverse neonatal 
outcomes was calculated for each completed week 
of gestation at the time of cesarean delivery. The 
Cochran–Armitage test for trend was used to as-
sess trends in the incidence rates of outcomes. 
Adjusted odds ratios for the association between 
neonatal outcomes and gestational age at deliv-
ery relative to 39 completed weeks of gestation 
were derived from logistic-regression models that 
included maternal age, self-reported race or eth-
nic group, marital status, the number of previous 
cesarean deliveries, payor, the presence or absence 
of smoking during pregnancy, and the presence 
or absence of diet-controlled gestational diabe-
tes. The attributable risk of the primary outcome 
was calculated with the use of the following for-
mula: 100 × (relative risk − 1) ÷ relative risk, where 
relative risk is the risk at 37 or 38 weeks divided 
by the risk at 39 weeks.19 A nominal two-sided 
P value of less than 0.05 was considered to indi-
cate statistical significance; no adjustments were 
made for multiple comparisons.

The study was approved by the institutional 
review boards of each clinical center and the data-

coordinating center. The data were transmitted to 
the coordinating center without patient identifi-
cation. Informed consent was not required. The 
staff of the George Washington University Bio-
statistics Center had complete access to the data 
and performed the analyses.
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Figure 1. Flow Chart Detailing Exclusion Criteria Applied to Identify Elective 
Cesarean Sections.

HELLP denotes hemolysis, elevated liver-enzyme levels, and low platelet 
count, and HIV human immunodeficiency virus.
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R esult s

Patients

A total of 28,867 women who delivered by repeat 
cesarean section were enrolled in the registry; 
24,077 of the cesarean deliveries were performed 
at term. After the exclusion of women who had 
multiple gestations, a fetus with a major congen-
ital anomaly or indications for immediate or early 
delivery, we identified 13,258 women who under-
went an elective cesarean section at term (Fig. 1). 
The week of gestation at delivery was confirmed 
by a first- or second-trimester ultrasound exami-
nation in 76.8% of pregnancies.

Among the women who underwent elective 
repeat cesarean section at term, 6.3% underwent 
the procedure at 37 completed weeks of gesta-
tion, 29.5% at 38 weeks, 49.1% at 39 weeks, and 
just over 15% at 40 weeks or later (Fig. 2). Thus, 
35.8% (95% confidence interval [CI], 35.0 to 
36.6) of elective repeat cesarean deliveries were 
performed before 39 weeks of gestation. The 
median proportion of deliveries performed be-
fore 39 weeks of gestation among the 19 centers 
was 36.5%, and the range was 18.6 to 52.5%.

Maternal and infant characteristics varied ac-
cording to the number of completed weeks of 
gestation at delivery (Table 1). As compared with 
women who delivered at 39 weeks or later, women 
who delivered before 39 weeks of gestation tend-
ed to be older and to have a lower body-mass in-
dex at the time of delivery. They were also sig-
nificantly more likely to be white, to have private 
insurance, to be married, and to have had a first- 
or second-trimester ultrasound examination for 
dating the pregnancy. The mean birth weight of 
the infants and the prevalence of large-for-gesta-
tional-age infants increased with higher gesta-
tional age at delivery.

Study Outcomes

There was only one neonatal death, which oc-
curred in an infant born at 39 weeks. Five neo-
nates had seizures, and none had hypoxic–ische-
mic encephalopathy or necrotizing enterocolitis. 
The rate of the primary outcome of any neonatal 
adverse outcome or death varied according to 
center, with a median of 10.5% (interquartile 
range, 7.0 to 11.7). Table 2 shows the incidence 
rates of neonatal outcomes according to gesta-
tional age at birth. The primary outcome was sig-
nificantly less likely as gestational age at birth 

increased from 37 to 39 weeks (with rates of 
15.3% at 37 weeks and 8.0% at 39 weeks; P for 
trend <0.001). Similar trends of decreasing inci-
dence with greater gestational age were also noted 
for any adverse respiratory outcome and its com-
ponents (transient tachypnea of the newborn or 
respiratory distress syndrome), admission to the 
neonatal ICU, need for cardiopulmonary resusci-
tation or mechanical ventilation within 24 hours 
after delivery, newborn sepsis, hypoglycemia, and 
prolonged hospitalization. Three of the four neo-
nates who had cardiopulmonary resuscitation also 
required mechanical ventilation.

We also assessed the outcomes for deliveries 
performed beyond 39 completed weeks of gesta-
tion. The incidence rates of each neonatal out-
come for infants born at 40 weeks were similar 
to those for infants born at 39 weeks. However, 
there were significant trends toward an increased 
incidence of the primary outcome for delivery at 
more than 40 weeks of gestation (P for trend 
<0.001). Similar trends were noted for respiratory 
complications (P = 0.002), admission to the neo-
natal ICU (P<0.001), newborn sepsis (P<0.001), 
and prolonged hospitalization (P<0.001); the find-
ings for other outcomes were limited by small 
numbers. Figure 2 shows the overall relationship 
between gestational age at delivery and the pri-
mary outcome.

The trends toward the decreasing incidence of 
the primary outcome and of individual neonatal 
complications with increasing gestational age at 
term birth up to 39 weeks of gestation remained 
significant in analyses adjusted for potential con-
founders; the adjusted odds ratios ranged from 
1.8 to 4.2 at 37 weeks of gestation and from 1.3 
to 2.1 at 38 weeks of gestation, as compared 
with 1.0 at 39 weeks of gestation (Table 3). De-
livery at 40 weeks was not associated with sig-
nificantly increased morbidity as compared with 
delivery at 39 weeks, but delivery at 41 weeks or 
at 42 weeks or more was associated with increas-
es in several complications similar in magnitude 
to those observed for births at 38 weeks and 37 
weeks, respectively. Other variables associated 
with the primary outcome in multivariate analy-
ses were race or ethnic group, number of previ-
ous cesarean deliveries, payor, presence or absence 
of diet-controlled gestational diabetes mellitus, 
and maternal age (see the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org).
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Adjusted analyses of the primary outcome re-
stricted to births for which the gestational age 
was estimated by a first- or second-trimester ul-
trasound examination yielded similar results. Fur-
thermore, the exclusion of the 1% of infants weigh-
ing less than 2500 g at birth did not change the 
prevalence of delivery before 39 weeks or materi-
ally affect the association between earlier gesta-
tional age at delivery and the primary outcome. 
Analyses adjusted for study center gave similar 
results. Furthermore, when the analysis of deliv-
eries before 39 weeks was restricted to the 51.9% 
of deliveries (2463 of 4743) that occurred during 
the last 3 days before week 39 (i.e., from 38 weeks 
4 days to 38 weeks 6 days), the risk of the pri-
mary outcome remained higher than that for de-
liveries at 39 completed weeks (relative risk, 1.21; 
95% CI, 1.04 to 1.40; P=0.01).

The attributable risk of the primary outcome 
due to elective delivery before 39 weeks of gesta-
tion was 48% at 37 weeks (a result implying that 
postponing elective delivery to 39 weeks might 
prevent 48% of cases of the primary outcome 
among deliveries at 37 weeks of gestation) and 
27% at 38 weeks of gestation.

Discussion

In this large, multicenter study in the United 
States, more than one third of elective repeat ce-
sarean deliveries at term were performed before 
39 weeks of gestation. As compared with deliver-
ies at 39 weeks, these early deliveries were associ-
ated with a significantly increased risk of a com-
posite outcome that included neonatal death or 
any adverse outcome, as well as increased risks 
of individual neonatal adverse outcomes that in-
cluded respiratory complications and admission 
to the neonatal ICU. The risks of individual ad-
verse neonatal outcomes were higher for delivery 
at 37 weeks (by a factor of 1.8 to 4.2) than for 
delivery at 38 weeks (by a factor of 1.3 to 2.1) 
relative to delivery at 39 weeks of gestation. De-
laying delivery beyond 40 weeks was also associ-
ated with increased rates of neonatal adverse out-
comes. However, only one neonatal death and no 
cases of hypoxic–ischemic encephalopathy or ne-
crotizing enterocolitis were observed in this select 
cohort of low-risk term births.

The validity of these findings depends on our 
ability to have correctly identified and excluded 
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Figure 2. Timing of Elective Repeat Cesarean Delivery and the Incidence of the Primary Outcome According to  
the Number of Completed Weeks of Gestation.
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deliveries for which there were indications for 
delivery before 39 weeks. Specifically trained 
and certified personnel scrutinized the charts of 
all women in the registry and their infants for 
indications for cesarean delivery. Our criteria for 
elective cesarean delivery were stringent. Al-
though fetal growth restriction was not captured 
as a specific indication for cesarean delivery, our 
results remained unchanged after the exclusion 
of potentially growth-restricted neonates (birth 
weight <2500 g). It is possible that some earlier 
term deliveries may have been performed be-
cause of maternal perception of reduced fetal 
movement (a sign of potential fetal compro-
mise). Although such patients should generally 
undergo antepartum fetal testing for signs sug-
gesting fetal compromise20 (which would be 
coded as an indication for delivery), clinicians 
may forgo fetal testing before delivery at term. 
This might have affected our results in the un-
likely event that more of such deliveries occurred 
before than after 39 weeks.

Also important is the accuracy with which we 
assigned gestational age. Our results were mate-
rially unchanged in analyses restricted to infants 
with gestational age estimated by first- or second-
trimester ultrasound examination, rather than 
by third-trimester ultrasound examination or last 
menstrual period alone. The increase in mean 
birth weight as the assigned gestational age ad-
vanced provides further support for the accuracy 
of our dating.

Some limitations of the study should be not-
ed. Deliveries that occurred before 39 weeks of 
gestation but after positive results of tests of 
lung maturity would not be considered inappro-
priately early3,4; however, we did not have infor-
mation about testing for lung maturity. One ret-
rospective study of cesarean delivery at a single 
U.S. center, although potentially nonrepresenta-
tive of the general population, showed that 22% 
of elective cesarean deliveries were performed 
early without any tests for fetal lung maturity.21 
Further study is warranted to assess whether an 
increased rate of adverse outcomes in deliveries 
occurring before 39 weeks is explained entirely 
by failure to test for fetal lung maturity before 
delivery, or whether testing indicating “maturi-
ty” does not fully protect against an increased 
rate of adverse outcomes in these early births.

Our study design did not allow us to assess 
whether there was an increase in stillbirths that In
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was associated with delaying delivery until at 
least 39 weeks. The risk of unexplained stillbirth 
has been reported to be no greater than 0.2 of 
1000 births at 37 weeks and 0.5 of 1000 births 
at 38 weeks among Scottish and Canadian co-
horts of women who had previous cesarean 
deliveries.22,23 On the assumption of a higher 
average risk in our U.S. population of approxi-
mately 0.5 of 1000 births per week, we estimate 
that two or three stillbirths might have been 
averted in our cohort by delivery before 39 
weeks. However, as compared with delivery at 39 
weeks, earlier delivery increased the rate of ad-
verse neonatal outcomes in the cohort, including 
176 extra cases of the primary outcome, 145 
admissions to the neonatal ICU, and 63 cases of 
respiratory distress syndrome. Although there 
were no neonatal deaths associated with early 
delivery in our cohort, the sample size was too 
small to evaluate an increase in this rare out-
come, since more than 20,000 subjects would be 
needed to measure an incidence of 0.1 to 1.0% 
with adequate confidence and precision.

Since the vast majority of women with a pre-
vious cesarean delivery elect a repeat cesarean 

delivery,13,14 since more than 25% of primary 
cesarean deliveries are performed before the on-
set of labor,24 and since there may be increasing 
enthusiasm for cesarean delivery on maternal 
request,25 the timing of cesarean delivery and its 
effect on infant outcomes have substantial public 
health importance. We identified a recent sys-
tematic review26 and five individual European 
studies1,2,27-29 that examined the association of 
the timing of elective cesarean delivery with neo-
natal outcomes. The rates of elective cesarean 
delivery before 39 weeks were higher in the Eu-
ropean cohorts (ranging from 51 to 83%) than 
in our study. Because these studies vary consid-
erably in their definitions of “elective” and in 
their criteria for inclusion and exclusion, their 
results cannot be directly compared with ours. 
Even so, the studies consistently demonstrated 
increased respiratory morbidity with elective ce-
sarean delivery before 39 weeks. These studies 
focused primarily on respiratory complications, 
and the combined number of women undergo-
ing elective cesarean deliveries was only about 
half that of our study.

The composite primary outcome occurred in 

Table 2. Incidence of Adverse Neonatal Outcomes According to Completed Week of Gestation at Delivery.*

Outcome
Wk 37 

(N = 834)
Wk 38 

(N = 3909)
Wk 39 

(N = 6512)
Wk 40 

(N = 1385)
Wk 41 

(N = 505)
Wk ≥42 

(N = 113)
P for 

Trend†

number/total number (percent)

Any adverse outcome or death 128/834 (15.3) 430/3909 (11.0) 524/6512 (8.0) 101/1385 (7.3) 57/505 (11.3) 22/113 (19.5) <0.001

Adverse respiratory outcome

Respiratory distress syndrome 31/833 (3.7) 75/3904 (1.9) 58/6510 (0.9) 13/1381 (0.9) 4/504 (0.8) 2/113 (1.8) <0.001

Transient tachypnea of the 
newborn 

40/833 (4.8) 153/3904 (3.9) 178/6508 (2.7) 34/1381 (2.5) 24/504 (4.8) 7/113 (6.2) <0.001

Respiratory distress syndrome 
or transient tachypnea of 
the newborn

68/833 (8.2) 213/3904 (5.5) 221/6510 (3.4) 42/1381 (3.0) 26/504 (5.2) 9/113 (8.0) <0.001

Admission to the NICU 107/833 (12.8) 316/3905 (8.1) 382/6510 (5.9) 66/1381 (4.8) 40/504 (7.9) 16/113 (14.2) <0.001

Newborn sepsis‡ 58/833 (7.0) 156/3904 (4.0) 163/6508 (2.5) 37/1381 (2.7) 19/504 (3.8) 12/113 (10.6) <0.001

Proved case 3/833 (0.4) 3/3904 (0.1) 7/6508 (0.1) 2/1381 (0.1) 2/504 (0.4) 0/113 0.260

Treated hypoglycemia 20/833 (2.4) 35/3904 (0.9) 44/6508 (0.7) 11/1381 (0.8) 8/504 (1.6) 2/113 (1.8) <0.001

CPR or ventilation in 1st 24 hr 16/833 (1.9) 35/3904 (0.9) 27/6509 (0.4) 5/1381 (0.4) 2/504 (0.4) 0/113 <0.001

Ventilation in 1st 24 hr 16/833 (1.9) 34/3904 (0.9) 27/6509 (0.4) 5/1381 (0.4) 2/504 (0.4) 0/113 <0.001

Hospitalization ≥5 days 76/831 (9.1) 221/3904 (5.7) 237/6503 (3.6) 56/1381 (4.1) 38/504 (7.5) 13/113 (11.5) <0.001

* CPR denotes cardiopulmonary resuscitation, and NICU neonatal intensive care unit. 
† The P value was calculated by the Cochran–Armitage test for trend for the period from 37 to 39 weeks only.
‡ Newborn sepsis includes both suspected infections (with clinical findings suggesting infection) and proved infections (as confirmed in a 

subgroup of neonates with positive cultures of blood, cerebrospinal fluid, or urine obtained by catheterization or suprapubic aspiration; car-
diovascular collapse; or an unequivocal radiograph confirming infection in a neonate with clinical sepsis).

The New England Journal of Medicine 
Downloaded from nejm.org on July 21, 2015. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 



Timing of Cesarean Delivery and Neonatal Outcomes

n engl j med 360;2 nejm.org january 8, 2009 119

approximately 10% of all neonates in our study. 
Although the majority of deliveries before 39 
weeks occurred at 38 weeks 4 days through 38 
weeks 6 days, deliveries occurring during this 
period were also associated with increased neo-
natal morbidity. We also observed a higher risk 
of neonatal complications with cesarean delivery 
at 41 weeks or later, although the overall propor-
tion of mothers delivering this late was small 
(<5%). These findings suggest that in addition to 
the risk of stillbirth, which is almost doubled at 
41 weeks of gestation and increased by a factor 
of up to five at 42 or more weeks as compared 
with 39 weeks,22,23 the risk of neonatal compli-
cations may also be increased by delaying elec-
tive cesarean delivery beyond 39 or 40 completed 
weeks of gestation.

Our combined study population reflects the 
socioeconomic and demographic spectrum of the 
United States.30 Although we studied only repeat 
procedures, which constitute the majority of elec-
tive cesarean deliveries, previous studies that in-
cluded primary cesarean deliveries have shown 
similar increases in respiratory complications 
with delivery before 39 weeks of gesta tion.28,29

Our results indicate that a high proportion of 
elective cesarean deliveries in the United States 
are performed before 39 weeks. This may be 

driven by several factors, including a woman’s 
desire to give birth once term is attained and an 
obstetrician’s desire to schedule the procedure at 
a convenient time.25 These early deliveries are 
associated with a preventable increase in neona-
tal morbidity and admissions to the neonatal 
ICU, which carry a high economic cost. These 
findings support recommendations to delay elec-
tive delivery until 39 weeks of gestation and 
should be helpful in counseling.
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Table 3. Odds Ratios for Adverse Neonatal Outcomes According to Completed Week of Gestation at Delivery.*

Outcome† Wk 37 Wk 38 Wk 39 Wk 40 Wk 41 Wk ≥42

odds ratio (95% CI)

Any adverse outcome or death 2.1 (1.7–2.5) 1.5 (1.3–1.7) Reference 0.9 (0.7–1.1) 1.4 (1.0–1.8) 2.5 (1.5–4.0)

Adverse respiratory outcome

Respiratory distress syndrome 4.2 (2.7–6.6) 2.1 (1.5–2.9) Reference 1.1 (0.6–2.0) 1.0 (0.4–2.8) 2.3 (0.6–9.7)

Transient tachypnea of the newborn 1.8 (1.2–2.5) 1.5 (1.2–1.9) Reference 0.9 (0.6–1.3) 1.7 (1.1–2.7) 2.2 (1.0–4.8)

Respiratory distress syndrome or transient  
tachypnea of the newborn

2.5 (1.9–3.3) 1.7 (1.4–2.1) Reference 0.9 (0.6–1.2) 1.5 (1.0–2.4) 2.4 (1.2–4.9)

Admission to the NICU 2.3 (1.9–3.0) 1.5 (1.3–1.7) Reference 0.8 (0.6–1.0) 1.3 (0.9–1.9) 2.5 (1.5–4.4)

Newborn sepsis‡ 2.9 (2.1–4.0) 1.7 (1.4–2.2) Reference 1.0 (0.7–1.5) 1.4 (0.8–2.2) 4.1 (2.2–7.6)

Treated hypoglycemia 3.3 (1.9–5.7) 1.3 (0.8–2.0) Reference 1.2 (0.6–2.4) 2.6 (1.2–5.7) 2.8 (0.7–11.7)

Hospitalization ≥5 days 2.7 (2.0–3.5) 1.8 (1.5–2.2) Reference 1.0 (0.8–1.4) 1.9 (1.3–2.7) 2.9 (1.6–5.3)

* NICU denotes neonatal intensive care unit.
† All outcomes are adjusted for maternal age (as a continuous variable), race or ethnic group, number of previous cesarean deliveries, marital 

status, payor, smoking status, and presence or absence of diet-controlled gestational diabetes mellitus.
‡ Newborn sepsis included both suspected infections (with clinical findings suggesting infection) and proved infections (as confirmed in a 

subgroup of neonates with positive cultures of blood, cerebrospinal fluid, or urine obtained by catheterization or suprapubic aspiration; car-
diovascular collapse; or an unequivocal radiograph confirming infection in a neonate with clinical sepsis).
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