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databases document that in-
fants born around the lim-
its of viability have high

mortality and morbidity rates,1-3 which
have not improved during recent years.4

Broad application of interventions

proven to be effective at more ad-
vanced gestational ages, such as ante-
natal corticosteroids, may improve out-
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Context Current guidelines, initially published in 1995, recommend antenatal cor-
ticosteroids for mothers with preterm labor from 24 to 34 weeks’ gestational age, but
not before 24 weeks due to lack of data. However, many infants born before 24 weeks’
gestation are provided intensive care.

Objective To determine if use of antenatal corticosteroids is associated with im-
provement in major outcomes for infants born at 22 and 23 weeks’ gestation.

Design, Setting, and Participants Cohort study of data collected prospectively on
inborn infants with a birth weight between 401 g and 1000 g (N=10 541) born at 22 to
25 weeks’ gestation between January 1, 1993, and December 31, 2009, at 23 academic
perinatal centers in the United States. Certified examiners unaware of exposure to ante-
natal corticosteroids performed follow-up examinations on 4924 (86.5%) of the infants
born between 1993 and 2008 who survived to 18 to 22 months. Logistic regression mod-
elsgeneratedadjustedodds ratios (AORs), controlling formaternal andneonatal variables.

Main Outcome Measures Mortality and neurodevelopmental impairment at 18
to 22 months’ corrected age.

Results Death or neurodevelopmental impairment at 18 to 22 months was signifi-
cantly lower for infants who had been exposed to antenatal corticosteroids and were born
at 23 weeks’ gestation (83.4% with exposure to antenatal corticosteroids vs 90.5% with-
out exposure; AOR, 0.58 [95% CI, 0.42-0.80]), at 24 weeks’ gestation (68.4% with ex-
posure to antenatal corticosteroids vs 80.3% without exposure; AOR, 0.62 [95% CI, 0.49-
0.78]), and at 25 weeks’ gestation (52.7% with exposure to antenatal corticosteroids vs
67.9% without exposure; AOR, 0.61 [95% CI, 0.50-0.74]) but not in those infants born
at 22 weeks’ gestation (90.2% with exposure to antenatal corticosteroids vs 93.1% with-
out exposure; AOR, 0.80 [95% CI, 0.29-2.21]). If the mothers had received antenatal
corticosteroids, the following events occurred significantly less in infants born at 23, 24,
and 25 weeks’ gestation: death by 18 to 22 months; hospital death; death, intraventricu-
lar hemorrhage, or periventricular leukomalacia; and death or necrotizing enterocolitis.
For infants born at 22 weeks’ gestation, the only outcome that occurred significantly less
was death or necrotizing enterocolitis (73.5% with exposure to antenatal corticosteroids
vs 84.5% without exposure; AOR, 0.54 [95% CI, 0.30-0.97]).

Conclusion Among infants born at 23 to 25 weeks’ gestation, antenatal exposure
to corticosteroids compared with nonexposure was associated with a lower rate of death
or neurodevelopmental impairment at 18 to 22 months.
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comes in these infants. A single course
of antenatal corticosteroids given 24
hours to 7 days before birth to women
in preterm labor at less than 34 weeks’
gestation improves lung maturity and
reduces neonatal problems, including
respiratory distress syndrome, necro-
tizing enterocolitis, severe intraven-
tricular hemorrhage, and death.5

However, there are limited data from
high-quality studies on the effects of an-
tenatal corticosteroids at 22 to 25 weeks’
gestation. Two recent meta-analyses
confirmed that published data do not
demonstrate that antenatal corticoste-
roids improve outcomes at less than 26
weeks’ gestation.5,6 However, the small
number of infants born at gestational
ages around the limits of viability and
included in published trials limits these
results.5,6 Furthermore, antenatal cor-
ticosteroid trials include almost no data
on neurodevelopmental outcomes even
though these immature infants are at
high risk of severe neurodevelopmen-
tal impairment.7

In 1995, National Institutes of Health
Consensus Conference8 participants
concluded that “Because data from ran-
domized controlled trials did not in-
clude infants below 24 weeks, the cur-
rent recommendations are to administer
antenatal corticosteroids as early as but
not before 24 weeks.” The recent opin-
ion of the Committee on Obstetric Prac-
tice of the American College of Obstet-
rics and Gynecologists9 states that
sparse data exist on the efficacy of cor-
ticosteroid use “before the age of vi-
ability,” and thus such use before 24
weeks’ gestation was not recom-
mended. Similar recommendations are
used worldwide.10,11 The limited data on
the effectiveness of antenatal cortico-
steroids in very preterm deliveries has
led to restriction in their use1,4,10,12,13 and
international10 and regional1 practice
variability, even though infants as im-
mature as 22 and 23 weeks’ gestation
frequently receive intensive care.

This study was designed to deter-
mine if antenatal corticosteroid expo-
sure in infants born at each gesta-
tional age from 22 to 25 weeks is
associated with improvement in im-

portant outcomes, including the pri-
mary outcome of death or childhood
neurodevelopmental impairment, using
a large cohort of infants.

METHODS
Infants born at any of the 23 National
Institute of Child Health and Human
Development Neonatal Research Net-
work centers between January 1, 1993,
and December 31, 2009, were in-
cluded if they were 22 to 25 weeks’ ges-
tation with a birth weight between 401
g and 1000 g. Gestational age was de-
termined according to standard Neo-
natal Research Network definitions
using the hierarchy of best obstetrical
estimate14 over the best neonatal data
estimate. Infants with congenital
anomalies were included. Infants who
died during the first 12 hours after birth
without receiving delivery room resus-
citation (no ventilation, intubation, or
medications) were excluded from the
primary analysis to make sure the re-
sults were not affected by postnatal re-
striction of care. Infants who died in the
delivery room were included in a sec-
ondary analysis.

Infants were categorized as having
been exposed to antenatal corticoste-
roids if their mother received 1 or more
doses of dexamethasone or betametha-
sone or not exposed if their mother did
not receive antenatal corticosteroids.
Data on full or partial course of ante-
natal corticosteroids were collected but
data on timing and dose were not avail-
able.

Data Collection

Trained research coordinators prospec-
tively collected maternal and neonatal
data according to common defini-
tions.1 Sociodemographic and clinical
data were collected until death, dis-
charge home, or 120 days, whichever
occurred first, including transfers to
other hospitals, using hospital chart re-
views. Race/ethnicity, which can alter
the response to antenatal steroids, was
recorded as self-selected by the mother
from options defined by federally
funded study guidelines. Maternal edu-
cation level and insurance data were

available except for children born be-
tween 1993 and 2001 and those who
were not followed up. Data on lan-
guage spoken were available only on in-
fants who were followed up. Data on
type of corticosteroid were collected
starting in 2002. Chorioamnionitis data
were collected starting in 2006.

All survivors were scheduled at 18
to 22 months’ corrected age for a stan-
dardized comprehensive neurodevel-
opmental assessment that was per-
formed by certified examiners,15 who
were unaware of exposure to antena-
tal corticosteroids. Only neurodevel-
opmental assessments on infants born
between 2003 and 2008 were in-
cluded in this study.

This study was a secondary analysis
of the Neonatal Research Network Hos-
pital Generic Database and Follow-up
protocols, which were approved by each
center’s institutional review board.
Written informed consent was ob-
tained for the follow-up protocol. In 3
centers, written or oral informed con-
sent was obtained for the hospital da-
tabase protocol, while in the other cen-
ters, waiver of consent was approved by
the institutional review boards.

Definitions

Hospital death was defined as death of
an infant before discharge or by 120
days in those with longer initial hos-
pitalizations. Mortality before fol-
low-up was documented at 18 to 22
months’ corrected age.16 Bronchopul-
monary dysplasia was defined as con-
tinuous use of supplemental oxygen at
36 weeks’ postmenstrual age. The
physiological definition for broncho-
pulmonary dysplasia17 was not used. In-
traventricular hemorrhage grade 3-4
was determined according to the clas-
sification by Papile et al.18 For infants
born up to 2005, severe neurodevelop-
mental impairment at 18 to 22 months’
corrected age was defined as 1 or more
of the following: a Bayley II Mental De-
velopmental Index score of less than 70
(�2 SDs below the mean for normal in-
fants), a Bayley II Psychomotor Devel-
opmental Index score of less than 70,
moderate to severe cerebral palsy, blind-

ANTENATAL CORTICOSTEROIDS AND NEURODEVELOPMENTAL OUTCOMES

©2011 American Medical Association. All rights reserved. JAMA, December 7, 2011—Vol 306, No. 21 2349

Downloaded From: https://jamanetwork.com/ on 05/22/2023



ness (no useful vision in either eye), or
deafness (functional hearing impair-
ment with aids in both ears).15 For in-
fants born after 2005, the Bayley III was
used instead, and severe neurodevel-
opmental impairment was defined as 1
or more of the following: Bayley III cog-
nitive composite score of less than 70,
gross motor function level of 2 or
greater, blindness (some or no useful
vision in either eye), or deafness (func-
tional hearing impairment).

Statistical Analyses

Outcomes were analyzed by exposure
or nonexposure to antenatal cortico-
steroids. The primary outcome mea-
sure was death or neurodevelopmen-
tal impairment at follow-up (18-22
months). Secondary outcome mea-
sures and subgroup analyses were
prespecified. Secondary outcomes at
hospital discharge included death,
bronchopulmonary dysplasia, intra-
ventricular hemorrhage grade 3-4 or
periventricular leukomalacia (or both),
necrotizing enterocolitis, and death plus
each morbidity. Secondary outcomes at
18 to 22 months’ corrected age included
death, neurodevelopmental impair-
ment, and the individual components
of neurodevelopmental impairment.
Subgroups were selected as potential
effect modifiers based on published
meta-analyses.5,6 Missing data were
excluded; imputation was not used. Dif-
ferences in categorical measures were
analyzed with �2 analyses. Within each
week of gestational age, logistic regres-
sion models were used to estimate the
relationship between antenatal corti-
costeroid administration and out-
comes with adjustments made for
maternal variables (age, marital sta-
tus, race, diabetes, hypertension or pre-
eclampsia, rupture of membranes �24
hours, antepartum hemorrhage, and
delivery mode), multiple birth, sex, and
center. A cohort effect was included in
the follow-up data models to indicate
Bayley II vs Bayley III assessments. To
allow for changes in neonatal care over
time and to assess whether the effect of
antenatal corticosteroids was stable over
time, additional logistic regression mod-

els were run adding adjustment for
epoch (1993-1998, 1999-2003, 2004-
2009)andstatistical interactionbetween
antenatal corticosteroids and epoch.

The study was designed to use all the
data available in the Neonatal Research
Network database to explore the asso-
ciation between antenatal corticoste-
roid use and outcomes. Formal power
analysis and sample size estimates were
not performed. SAS software version 9.2
(SAS Institute Inc) was used for all sta-
tistical analyses. Odds ratios (ORs) and
95% confidence intervals were esti-
mated for binary outcomes. Two-sided
P values of less than .05 indicated sta-
tistical significance.Adjustments formul-
tiple comparisons were not done. A
Kaplan-Meier survival analysis for age at
death was performed. Interaction terms
between antenatal corticosteroid use and
gestational age were added to the mod-
els fitted to the entire data set to exam-
ine differences in the effect of antenatal
corticosteroids by gestational age.

RESULTS
A total of 1848 infants (941 born at 22
weeks’ gestation, 684 at 23 weeks, 179
at 24 weeks, and 44 at 25 weeks) died
in the first 12 hours after birth with-
out receiving delivery room resuscita-
tion and were excluded from the pri-
mary analyses. The study population
consisted of 10 541 infants (range, 63-
971 infants per center), of whom 7808
(74.1%) were born to mothers who re-
ceived antenatal corticosteroids
(TABLE 1). Of the 5691 infants born be-
tween 1993 and 2008 who survived to
18 to 22 months, 4924 (86.5%) had
neurodevelopmental assessments. The
highest percentage of missing data for
hospitalization outcomes was for bron-
chopulmonary dysplasia (4.0%). For
the primary outcome, the percentage of
missing data was 10.3%. There was no
difference in the birth weight of in-
fants whose mothers received antena-
tal corticosteroids and in those whose
mothers did not receive them but there
were other baseline differences; the
women who did not receive corticoste-
roids were more likely to be black, be
19 years old or younger, have a lower

income, and have Medicaid coverage
and were less likely to be married, have
completed high school, or have a ce-
sarean delivery (Table 1). The percent-
age of infants whose mothers received
antenatal corticosteroids increased in
the early to mid-1990s as research on
antenatal corticosteroids in early ges-
tation became known and the 1995 Na-
tional Institutes of Health consensus
was published. This occurred in all 4
gestational age subgroups but re-
mained lower for the infants born at 22
and 23 weeks’ gestation (FIGURE).

For the cohort as a whole, of the hos-
pitalization outcomes, death (35.5%
with exposure to antenatal corticoste-
roids vs 56.0% without exposure; ad-
justed OR [AOR], 0.58 [95% CI, 0.52-
0.65]), intraventricular hemorrhage
grade 3-4 or periventricular leukoma-
lacia (or both) (19.2% with exposure
to antenatal corticosteroids vs 27.6%
without exposure; AOR, 0.67 [95% CI,
0.57-0.79]), and many of the compos-
ite outcomes were significantly lower
in the infants whose mothers had re-
ceived antenatal corticosteroids
(TABLE 2). The lower hospital death rate
was partially offset by a higher rate of
bronchopulmonary dysplasia (60.3%
with exposure to antenatal corticoste-
roids vs 54.0% without exposure; AOR,
1.43 [95% CI, 1.23-1.67]). Hospital
death was lower in infants exposed to
antenatal corticosteroids who were born
at 23, 24, and 25 weeks’ gestation
(Table 2). The AOR for reduction in
hospital death in the infants born at 22
weeks’ gestation was in the range of
those born at other weeks but the
sample size was smaller and the confi-
dence level wider, overlapping 1.0. The
Kaplan-Meier survival analyses re-
vealed that there was a significant as-
sociation between exposure to antena-
tal corticosteroids and survival (eFigure
at http://www.jama.com). Death, in-
traventricular hemorrhage grade 3-4, or
periventricular leukomalacia (or any of
the 3) also was lower in those exposed
to antenatal corticosteroids who were
born at 23, 24, and 25 weeks’ gesta-
tion but was not significantly lower in
those born at 22 weeks’ gestation. The
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rate of death or bronchopulmonary dys-
plasia (or both) was lower in the in-
fants born at 23 weeks’ gestation but

bronchopulmonary dysplasia in survi-
vors was higher in infants born at 24
and 25 weeks’ gestation. Death or nec-

rotizing enterocolitis was lower at all
gestational ages, including at 22 weeks’
gestation.

Table 1. Infant and Maternal Characteristics by Exposure to Antenatal Corticosteroids (ANS)

Gestational Agea

Total
(N = 10 541)22 wk 23 wk 24 wk 25 wk

ANS
(n = 119)

No ANS
(n = 283)

ANS
(n = 1147)

No ANS
(n = 831)

ANS
(n = 2979)

No ANS
(n = 814)

ANS
(n = 3563)

No ANS
(n = 805)

ANS
(n = 7808)

No ANS
(n = 2733)

Birth weight,
mean (SD), g

547
(81)

544
(73)

590
(82)

593
(85)

654
(101)

673
(107)

735
(120)

747
(119)

680
(121)

657
(124)

Small for
gestational age

0 0 21
(1.8)

17
(2.1)

174
(5.8)

29
(3.6)

282
(7.9)

51
(6.3)

477
(6.1)

97
(3.5)

Race (n = 118) (n = 1140) (n = 828) (n = 2962) (n = 810) (n = 3543) (n = 803) (n = 7763) (n = 2724)

Black 68
(57.6)

180
(63.6)

504
(44.2)

465
(56.2)

1267
(42.8)

466
(57.5)

1504
(42.5)

447
(55.7)

3343
(43.1)

1558
(57.2)

White 48
(40.7)

93
(32.9)

608
(53.3)

332
(40.1)

1555
(52.5)

327
(40.4)

1899
(53.6)

327
(40.7)

4110
(52.9)

1079
(39.6)

Otherb 2
(1.7)

10
(3.5)

28
(2.5)

31
(3.7)

140
(4.7)

17
(2.1)

140
(4.0)

29
(3.6)

310
(4.0)

87
(3.2)

Male sex 62
(52.1)

165
(58.3)

643
(56.1)

450
(54.2)

1539
(51.7)

450
(55.3)

1854
(52.0)

409
(50.8)

4098
(52.5)

1474
(53.9)

Cesarean
delivery

22
(18.5)

19
(6.7)

310
(27.0)

(n = 830)
160

(19.3)

(n = 2977)
1571
(52.8)

369
(45.3)

(n = 3560)
2220
(62.4)

(n = 803)
452

(56.3)

(n = 7803)
4123
(52.8)

(n = 2730)
1000
(36.6)

Apgar score �3
at 5 min

35
(29.4)

(n = 280)
153

(54.6)

(n = 1136)
313

(27.6)

(n = 817)
327

(40.0)

(n = 2975)
462

(15.5)

(n = 810)
216

(26.7)

(n = 3556)
364

(10.2)

(n = 800)
130

(16.3)

(n = 7786)
1174
(15.1)

(n = 2707)
826

(30.5)

Intubation 105
(88.2)

224
(79.2)

1056
(92.1)

747
(89.9)

(n = 2977)
2710
(91.0)

(n = 812)
768

(94.6)

(n = 3562)
3046
(85.5)

758
(94.2)

(n = 7805)
6917
(88.6)

(n = 2731)
2497
(91.4)

Resuscitation 118
(99.2)

274
(96.8)

1130
(98.5)

827
(99.5)

(n = 2978)
2914
(97.9)

(n = 813)
809

(99.5)

(n = 3562)
3446
(96.7)

798
(99.1)

(n = 7806)
7608
(97.5)

(n = 2732)
2708
(99.1)

Surfactant use 91
(76.5)

(n = 282)
177

(62.8)

(n = 1144)
969

(84.7)

(n = 830)
637

(76.8)

(n = 2973)
2675
(90.0)

(n = 813)
678

(83.4)

(n = 3555)
3075
(86.5)

(n = 804)
700

(87.1)

(n = 7791)
6810
(87.4)

(n = 2729)
2192
(80.3)

Maternal age
�19 y

22
(18.5)

50
(17.7)

170
(14.8)

139
(16.7)

417
(14.0)

167
(20.5)

(n = 3562)
501

(14.1)

169
(21.0)

(n = 7807)
1110
(14.2)

525
(19.2)

Mother not
married

76
(63.9)

(n = 272)
179

(65.8)

(n = 1136)
584

(51.4)

(n = 812)
495

(61.0)

(n = 2952)
1599
(54.2)

(n = 792)
506

(63.9)

(n = 3532)
1865
(52.8)

(n = 787)
542

(68.9)

(n = 7739)
4124
(53.3)

(n = 2663)
1722
(64.7)

Mother
�high school
graduatec

(n = 53)
15

(28.3)

(n = 97)
46

(47.4)

(n = 698)
182

(26.1)

(n = 372)
124

(33.3)

(n = 2102)
539

(25.6)

(n = 450)
167

(37.1)

(n = 2798)
738

(26.4)

(n = 491)
201

(40.9)

(n = 5651)
1474
(26.1)

(n = 1419)
538

(38.2)

Income
�$20 000d

(n = 17)
9

(52.9)

(n = 27)
18

(66.7)

(n = 237)
106

(44.7)

(n = 119)
61

(51.3)

(n = 835)
341

(40.8)

(n = 243)
138

(56.8)

(n = 1299)
584

(45.0)

(n = 284)
173

(60.9)

(n = 2388)
1040
(43.6)

(n = 673)
390

(57.9)

Medicaidc (n = 61)
38

(62.3)

(n = 132)
93

(70.5)

(n = 809)
472

(58.3)

(n = 463)
292

(63.1)

(n = 2350)
1490
(63.4)

(n = 498)
346

(69.5)

(n = 3002)
1929
(64.3)

(n = 535)
398

(74.4)

(n = 6222)
3929
(63.1)

(n = 1628)
1129
(69.3)

Mother not
English
speakingc

(n = 29)
8

(27.6)

(n = 43)
6

(14.0)

(n = 405)
69

(17.0)

(n = 182)
30

(16.5)

(n = 1535)
277

(18.1)

(n = 324)
42

(13.0)

(n = 2300)
357

(15.5)

(n = 413)
62

(15.0)

(n = 4269)
711

(16.7)

(n = 962)
140

(14.6)

Follow-up ratee (n = 31)
28

(90.3)

(n = 47)
44

(93.6)

(n = 438)
381

(87.0)

(n = 211)
172

(81.5)

(n = 1627)
1444
(88.8)

(n = 375)
311

(82.9)

(n = 2470)
2146
(86.9)

(n = 492)
398

(80.9)

(n = 4566)
3999
(87.6)

(n = 1125)
925

(82.2)
aValues are expressed as number (percentage) unless otherwise indicated. All variables are significant overall except for sex and mother’s native language. At 22 weeks’ gestation, only

the following variables are significant: cesarean section, Apgar score, intubation, surfactant use, and mother’s educational level. At 23 weeks’ gestation, only the following variables are
significant: cesarean section, race, Apgar score, resuscitation, surfactant use, mother’s marital status, and mother’s educational level. At 24 weeks’ gestation, all variables are signifi-
cant except for sex. At 25 weeks’ gestation, all variables are significant except for infant size, small for gestational age, sex, surfactant use, and mother’s native language.

b Includes American Indian, Alaskan Native, Asian, Pacific Islander (including Native Hawaiian), more than 1 race, and other.
cFor infants born from 1993 through 2001, data were only available if provided during follow-up.
dData were only available if provided during follow-up.
eData are for infants born from 1993 through 2008.
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At the 18- to 22-month follow-up,
the primary outcome of death or neu-
rodevelopmental impairment was less
frequent in those exposed to antenatal
corticosteroids (AOR, 0.60; 95% CI,
0.53-0.69) as well as death (37.0%
with exposure to antenatal corticoste-
roids vs 57.2% without exposure;
AOR, 0.59 [95% CI, 0.53-0.65]), neu-
rodevelopmental impairment (38.8%
with exposure to antenatal corticoste-
roids vs 49.2% without exposure;
AOR, 0.83 [95% CI, 0.70-0.99]),
moderate to severe cerebral palsy
(8.6% with exposure to antenatal cor-
ticosteroids vs 12.0% without expo-
sure; AOR, 0.76 [95% CI, 0.59-0.98]),
and psychomotor developmental
index score of less than 70 (27.3%
with exposure to antenatal corticoste-
roids vs 32.8% without exposure;
AOR, 0.79 [95% CI, 0.65-0.96])
(TABLE 3). Intact survival (no death
or neurodevelopmental impairment
by follow-up) at 18 to 22 months was
higher in infants whose mothers
received antenatal corticosteroids
(35.8% with exposure to antenatal
corticosteroids vs 18.5% without
exposure; AOR, 1.66 [95% CI, 1.46-
1.90]). Death or neurodevelopmental
impairment was less frequent in those
who had been exposed to antenatal
corticosteroids and were born at 23
weeks’ gestation (83.4% with expo-

sure to antenatal corticosteroids vs
90.5% without exposure; AOR, 0.58
[95% CI, 0.42-0.80]), at 24 weeks’
gestation (68.4% with exposure to
antenatal corticosteroids vs 80.3%
without exposure; AOR, 0.62 [95%
CI, 0.49-0.78]), and at 25 weeks’ ges-
tation (52.7% with exposure to ante-
natal corticosteroids vs 67.9% without
exposure; AOR, 0.61 [95% CI, 0.50-
0.74]) but not in those born at 22
weeks’ gestation (90.2% with expo-
sure to antenatal corticosteroids vs
93.1% without exposure; AOR, 0.80
[95% CI, 0.29-2.21]) (Table 3). Inter-
action analyses performed for both
hospital and follow-up outcomes pro-
vided no evidence that the associa-
tions of antenatal corticosteroids with
outcomes differed across the 23, 24,
and 25 weeks’ gestational age groups.

Subgroup analyses indicated that ex-
posure to antenatal corticosteroids was
associated with lower hospital mortal-
ity, lower mortality at 18 to 22 months,
and lower mortality or neurodevelop-
mental impairment at 18 to 22 months
in singleton and multiple births, par-
tial and full antenatal corticosteroid
treatment groups, betamethasone and
dexamethasone treatment groups, in-
fants of mothers with and without dia-
betes, all durations of rupture of mem-
brane subgroups, infants of mothers
with and without antepartum hemor-

rhage, those delivered vaginally and by
cesarean section, males and females, in-
fants not small for gestational age, and
all racial/ethnic subgroups (TABLE 4;
eTable 1 and eTable 2 at http://www
.jama.com). These outcomes did not
significantly differ by exposure to an-
tenatal corticosteroids in the infants
born small for gestational age. In in-
fants born to mothers with hyperten-
sion or preeclampsia or eclampsia, ex-
posure to antenatal corticosteroids was
associated with lower hospital death
and death by 18 to 22 months but there
was no difference in death or neurode-
velopmental impairment by 18 to 22
months. Neither epoch nor interac-
tion between antenatal corticoste-
roids and epoch was significant in the
models for the primary outcome of
death or neurodevelopmental impair-
ment, indicating the robustness of the
results with regard to any temporal
trends (eTable 3 and eTable 4).

The association of exposure to
antenatal corticosteroids and lower
mortality was even stronger when
the 1848 early deaths during the first
12 hours after birth without receiv-
ing delivery room resuscitation were
included in the analysis (eTable 5). In
this analysis, exposure to antenatal cor-
ticosteroids in infants born at 22, 23,
24, and 25 weeks’ gestation was asso-
ciated with a statistically significant
lower rate of death.

COMMENT
This multicenter observational study
cohort is larger than all other reported
cohorts of infants born at 22 to 25
weeks’ gestation combined and docu-
ments that exposure to antenatal cor-
ticosteroids was associated with lower
mortality or neurodevelopmental im-
pairment at 18 to 22 months in infants
born at each week from 23 to 25 weeks’
gestation, even after adjustment for
multiple potential confounders. A sig-
nificant association was not found at 22
weeks’ gestation; however, the 95% con-
fidence intervals were wide and the
power was limited. However, even
though intact survival doubled with the
administration of antenatal steroids in

Figure. Frequency of Exposure to Antenatal Corticosteroids by Gestational Age and Year of
Birth
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The administration of antenatal corticosteroids increased over the 10-year period but remained lower at the
lower gestational ages. The ranges for sample size by year are 15 to 36 for 22 weeks’ gestation, 85 to 140 for
23 weeks’ gestation, 134 to 325 for 24 weeks’ gestation, and 162 to 333 for 25 weeks’ gestation.
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the entire cohort, it remained rela-
tively low (36%).

The outcome of neurodevelopmen-
tal impairment and death after dis-
charge in infants is unique because most
previous studies have focused on hos-
pital outcomes.

Multiple secondary outcomes mea-
sured during hospitalization and at 18
to 22 months also were significant, and
no evidence was found to suggest that
these associations with antenatal cor-

ticosteroids differed across the range
from 23 through 25 weeks’ gestation.
Subgroup analyses indicated that these
associations were significant in all sub-
groups at this early gestational age
range, except in infants small for ges-
tational age and in infants of mothers
with hypertension, preeclampsia, or ec-
lampsia. The lower mortality rate dur-
ing hospitalization in infants exposed
to antenatal corticosteroids was par-
tially offset by a higher rate of bron-

chopulmonary dysplasia at the early
gestational ages as reported by oth-
ers,6 which may be due to the high rate
of bronchopulmonary dysplasia in in-
fants who would be expected to die if
they were not exposed to antenatal cor-
ticosteroids.

These data addressed the most im-
portant neonatal outcomes using a large
prospective database with a high fol-
low-up rate and adjusted for multiple
maternal and neonatal variables. How-

Table 2. Hospital Outcomes of Infants at 22 to 25 Weeks’ Gestation by Exposure to Antenatal Corticosteroids (ANS)a

Gestational Age

Total22 wk 23 wk 24 wk 25 wk

ANS No ANS ANS No ANS ANS No ANS ANS No ANS ANS No ANS

Death
No./total (%) 86/118

(72.9)
233/283

(82.3)
667/1147

(58.2)
606/831

(72.9)
1177/2976

(39.6)
415/814

(51.0)
834/3555

(23.5)
276/804

(34.3)
2764/7796

(35.5)
1530/2732

(56.0)

OR (95% CI)b 0.61
(0.34-1.07)c

0.49
(0.39-0.61)

0.64
(0.54-0.76)

0.57
(0.48-0.69)

0.58
(0.52-0.65)

Death, BPD, or both
No./total (%) 107/118

(90.7)
259/278

(93.2)
972/1131

(85.9)
751/813

(92.4)
2340/2928

(79.9)
615/787

(78.1)
2287/3463

(66.0)
508/768

(66.2)
5706/7640

(74.7)
2133/2646

(80.6)

OR (95% CI)b 0.73
(0.33-1.59)d

0.63
(0.45-0.90)

1.18
(0.95-1.47)

0.97
(0.80-1.18)

0.97
(0.85-1.10)

BPD
No./total (%) 20/31

(64.5)
26/45
(57.8)

305/464
(65.7)

145/207
(70.1)

1161/1749
(66.4)

200/372
(53.8)

1448/2624
(55.2)

231/491
(47.1)

2934/4868
(60.3)

602/1115
(54.0)

OR (95% CI)b 1.33
(0.51-3.45)d

0.83
(0.57-1.21)c

1.69
(1.30-2.20)

1.33
(1.06-1.67)

1.43
(1.23-1.67)

Death, IVH
grade 3-4,
PVL, or all 3

No./total (%) 93/116
(80.2)

242/280
(86.4)

794/1139
(69.7)

686/825
(83.2)

1538/2944
(52.2)

514/803
(64.0)

1284/3482
(36.9)

406/773
(52.5)

3709/7681
(48.3)

1848/2681
(68.9)

OR (95% CI)b 0.65
(0.35-1.23)c

0.44
(0.34-0.57)

0.65
(0.55-0.78)

0.52
(0.44-0.62)

0.55
(0.50-0.62)

IVH grade 3-4,
PVL, or both

No./total (%) 7/30
(23.3)

9/47
(19.2)

127/472
(26.9)

80/219
(36.5)

361/1767
(20.4)

99/388
(25.5)

448/2646
(16.9)

130/497
(26.2)

943/4915
(19.2)

318/1151
(27.6)

OR (95% CI)b 0.94
(0.20-4.49)c

0.59
(0.40-0.87)

0.81
(0.61-1.08)

0.56
(0.44-0.72)

0.67
(0.57-0.79)

Death, NEC,
or both

No./total (%) 86/117
(73.5)

239/283
(84.5)

722/1145
(63.1)

640/831
(77.0)

1356/2974
(45.6)

453/813
(55.7)

1100/3552
(31.0)

309/804
(38.4)

3264/7788
(41.9)

1641/2731
(60.0)

OR (95% CI)b 0.54
(0.30-0.97)c

0.47
(0.37-0.59)

0.65
(0.55-0.78)

0.72
(0.60-0.85)

0.62
(0.56-0.69)

NEC
No./total (%) 0/31

(0)
6/50
(12.0)

55/478
(11.5)

34/225
(15.1)

179/1797
(10.0)

38/398
(9.6)

265/2717
(9.8)

32/527
(6.1)

499/5023
(9.9)

110/1200
(9.2)

OR (95% CI)b NA 0.67
(0.41-1.08)c

0.85
(0.57-1.26)

1.76
(1.18-2.65)

1.01
(0.80-1.28)

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NA, not able to calculate; NEC, necrotizing enterocolitis; OR, odds ratio; PVL, periventricular leuko-
malacia.

aCohort includes inborn infants born from 1993 through 2009 with birth weights between 401 g and 1000 g. Outcomes not corrected for mortality are only given for the survivors.
bCalculated from logistic regression and adjusted for maternal age, maternal marital status, maternal race, diabetes, maternal hypertension or preeclampsia, and maternal rupture of

membranes more than 24 hours antepartum and estimated within each week of gestational age. The no ANS group was used as the referent category.
cModel does not include perinatal center (the statistical model did not converge with center included).
dBecause of convergence problems due to low outcome prevalence, this model adjusts only for sex.
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ever, there are limitations of the study
that should be noted. Potential biases
include that mothers who received an-

tenatal corticosteroids and their in-
fants were different on a number of
characteristics than those who did not.

Adjustments were made using logistic
regression models for many maternal,
infant, and perinatal center variables but

Table 3. Outcomes by 18 to 22 Months’ Corrected Age for Infants Born at 22 to 25 Weeks’ Gestation From 1993 Through 2008 by Exposure
to Antenatal Corticosteroids (ANS)a

Gestational Age

Total22 wk 23 wk 24 wk 25 wk

ANS No ANS ANS No ANS ANS No ANS ANS No ANS ANS No ANS
Death by

follow up
No./total (%) 85/116

(73.3)
220/267

(82.4)
634/1072

(59.1)
585/796

(73.5)
1141/2768

(41.2)
411/786

(52.3)
824/3294

(25.0)
287/779

(36.8)
2684/7250

(37.0)
1503/2628

(57.2)
OR (95% CI)b 0.60

(0.34-1.07)c
0.50

(0.40-0.63)
0.66

(0.55-0.79)
0.56

(0.47-0.68)
0.59

(0.53-0.65)
Death or NDI

No./total (%) 101/112
(90.2)

243/261
(93.1)

838/1005
(83.4)

676/747
(90.5)

1711/2502
(68.4)

559/696
(80.3)

1510/2865
(52.7)

451/664
(67.9)

4160/6484
(64.2)

1929/2368
(81.5)

OR (95% CI)b 0.80
(0.29-2.21)c

0.58
(0.42-0.80)

0.62
(0.49-0.78)

0.61
(0.50-0.74)

0.60
(0.53-0.69)

NDI
No./total (%) 16/27

(59.3)
23/41
(56.1)

204/371
(55.0)

91/162
(56.2)

570/1361
(41.9)

148/285
(51.9)

686/2041
(33.6)

164/377
(43.5)

1476/3800
(38.8)

426/865
(49.2)

OR (95% CI)b 1.14
(0.39-3.28)d

1.11
(0.72-1.71)

0.80
(0.60-1.08)

0.81
(0.62-1.04)

0.83
(0.70-0.99)

MDI �70
No./total (%) 14/21

(66.7)
16/32
(50.0)

159/295
(53.9)

67/134
(50.0)

425/1008
(42.2)

118/257
(45.9)

527/1543
(34.2)

127/330
(38.5)

1125/2867
(39.2)

328/753
(43.6)

OR (95% CI)b 2.16
(0.36-13.1)c

1.27
(0.79-2.03)

0.85
(0.62-1.16)

0.91
(0.69-1.20)

0.93
(0.78-1.12)

PDI �70
No./total (%) 10/21

(47.6)
13/34
(38.2)

111/293
(37.9)

55/136
(40.4)

307/996
(30.8)

87/254
(34.3)

348/1533
(22.7)

91/327
(27.8)

776/2843
(27.3)

246/751
(32.8)

OR (95% CI)b 1.47
(0.48-4.50)d

0.93
(0.58-1.50)

0.69
(0.49-0.95)

0.82
(0.60-1.11)

0.79
(0.65-0.96)

Bayley III cognitive
score �70e

No./total (%) 1/6
(16.7)

1/8
(12.5)

10/74
(13.5)

8/26
(30.8)

45/346
(13.0)

6/26
(23.1)

45/503
(8.9)

6/48
(12.5)

101/929
(10.9)

21/108
(19.4)

OR (95% CI)b 1.28
(0.06-27.50)d

0.31
(0.09-0.998)f

0.57
(0.17-1.91)c

0.88
(0.34-2.24)c

0.63
(0.34-1.17)

Moderate to severe
cerebral palsy

No./total (%) 4/28
(14.3)

7/44
(15.9)

43/380
(11.3)

31/167
(18.6)

140/1432
(9.8)

36/295
(12.2)

154/2132
(7.2)

33/385
(8.6)

341/3972
(8.6)

107/891
(12.0)

OR (95% CI)b 0.88
(0.23-3.34)d

0.50
(0.30-0.85)c

0.71
(0.47-1.08)g

0.97
(0.62-1.50)

0.76
(0.59-0.98)

Blindness
No./total (%) 0/28

(0)
2/44
(4.5)

7/379
(1.8)

8/170
(4.7)

34/1436
(2.4)

6/304
(2.0)

18/2133
(0.8)

7/393
(1.8)

59/3976
(1.5)

23/911
(2.5)

OR (95% CI)b NA 0.31
(0.10-0.93)c

1.17
(0.48-2.83)f

0.46
(0.19-1.10)d

0.61
(0.36-1.03)c

Deafness
No./total (%) 0/28

(0)
2/42
(4.8)

11/376
(2.9)

12/169
(7.1)

45/1433
(3.1)

11/305
(3.6)

50/2127
(2.4)

10/391
(2.6)

106/3964
(2.7)

35/907
(3.9)

OR (95% CI)b NA 0.39
(0.17-0.93)f

0.93
(0.45-1.90)c

0.91
(0.46-1.81)d

0.76
(0.50-1.16)c

Abbreviations: MDI, Mental Developmental Index; NA, not able to calculate; NDI, neurodevelopmental impairment; OR, odds ratio; PDI, Psychomotor Developmental Index.
aOutcomes not corrected for mortality are only given for the survivors. The follow-up cohort includes inborn infants born from 1993 through 2008 with birth weights between 401 g and

1000 g, and born at gestational age of 22 through 25 weeks. Infants who died within 12 hours without delivery room resuscitation are excluded.
bEstimated within each week of gestational age. The no ANS group was used as the referent category.
cModel does not include perinatal center (the statistical model did not converge with center included).
dBecause of convergence problems due to low outcome prevalence, this model adjusts only for sex.
eBayley II is used for infants born between 1993 and 2005; Bayley III is used for infants born after 2005. For all death or NDI and NDI-only models, a cohort effect was included in the model

to indicate Bayley II vs Bayley III.
fBecause of convergence problems due to low outcome prevalence, this model adjusts only for sex and race.
gBecause of convergence problems due to low outcome prevalence, this model adjusts only for sex, race, and perinatal center.
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not for all variables. In addition, we did
not have data on some potential con-
founders such as whether women pre-
senting late in labor who would not
have been eligible for antenatal corti-
costeroids were more commonly in the
group that did not receive them. It is
unlikely that the results are due to con-
founding, but it is possible that there

is some residual or unmeasured bias in
the results due to baseline differences
between the study groups.

Another limitation is that other as-
pects of obstetrical care are likely to
affect neonatal survival in pregnan-
cies around the limits of viability. Will-
ingness to perform a cesarean section
for fetal indications was associated with

a lower rate of neonatal mortality in a
multicenter prospective observational
study that included 713 singleton in-
fants with birth weights of 1000 g or
less.19 We cannot exclude the possibil-
ity that willingness to perform a cesar-
ean section or use of other therapies
may have influenced outcomes. The ce-
sarean section rate was higher in the

Table 4. Mortality or Severe Neurodevelopment Impairment by 18 to 22 Months of Infants by Exposure to Antenatal Corticosteroids (ANS)
for Births From 1993 Through 2008

No./Total (%) Unadjusted

ANS No ANS
Odds Ratio

(95% CI)
P

Value

Type of birth
Singleton 3025/4878 (62) 1502/1881 (80) 0.41 (0.36-0.47) �.001

Multiple 1135/1606 (71) 427/487 (88) 0.34 (0.25-0.45) �.001

Type of treatment
Partial 1800/2634 (68) 1929/2368 (81) 0.49 (0.43-0.56) �.001

Full 2348/3826 (61) 1929/2368 (81) 0.36 (0.32-0.41) �.001

Type of corticosteroida

Betamethasone 1694/2864 (59) 703/866 (81) 0.34 (0.28-0.40) �.001

Dexamethasone 475/675 (70) 703/866 (81) 0.55 (0.43-0.70) �.001

Maternal hypertension, preeclampsia, or eclampsia
Yes 624/971 (64) 126/176 (72) 0.71 (0.50-1.02) .06

No 3534/5507 (64) 1799/2187 (82) 0.39 (0.34-0.44) �.001

Maternal diabetes
Yes 118/190 (62) 46/55 (84) 0.32 (0.15-0.69) .004

No 4041/6293 (64) 1881/2310 (81) 0.41 (0.36-0.46) �.001

Rupture of membranes
�24 h 2942/4497 (65) 1483/1828 (81) 0.44 (0.39-0.50) �.001

24-48 h 174/268 (65) 93/114 (82) 0.42 (0.25-0.71) .001

�48 h to 7 d 518/860 (60) 133/166 (80) 0.38 (0.25-0.56) �.001

�7 d 425/701 (61) 125/143 (87) 0.22 (0.13-0.37) �.001

Chorioamnionitisb

Yes 402/816 (49) 97/133 (73) 0.36 (0.24-0.54) �.001

No 355/671 (53) 121/166 (73) 0.42 (0.29-0.61) �.001

Antepartum hemorrhage
Yes 855/1284 (67) 472/558 (85) 0.36 (0.28-0.47) �.001

No 3303/5198 (64) 1457/1810 (81) 0.42 (0.37-0.48) �.001

Delivery method
Cesarean 2079/3392 (61) 646/856 (75) 0.52 (0.43-0.61) �.001

Vaginal 2078/3088 (67) 1282/1510 (85) 0.37 (0.31-0.43) �.001

Infant’s sex
Male 2377/3426 (69) 1107/1276 (87) 0.35 (0.29-0.41) �.001

Femalec 1783/3058 (58) 822/1092 (75) 0.46 (0.39-0.54) �.001

Small for gestational age
Yes 331/407 (81) 77/91 (85) 0.79 (0.43-1.47) .46

No 3829/6077 (63) 1852/2277 (81) 0.39 (0.35-0.44) �.001

Race/ethnicity
Black (including Hispanic) 1803/2780 (65) 1090/1335 (82) 0.42 (0.35-0.49) �.001

White (including Hispanic) 2179/3419 (64) 775/953 (81) 0.40 (0.34-0.48) �.001

Otherd 155/250 (62) 57/73 (78) 0.46 (0.25-0.84) .01

All Hispanic 697/1077 (65) 287/355 (81) 0.44 (0.32-0.58) �.001
aData were collected starting in 2002; the no ANS column for these rows of data only includes infants born in 2002 and later.
bData were collected starting in 2006. The definition includes chorioamnionitis documented in mother’s medical record and histological chorioamnionitis.
c Infants with ambiguous sex were included as female (n=7).
d Includes American Indian, Alaskan Native, Asian, Pacific Islander (including Native Hawaiian), more than 1 race, and other.
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group exposed to antenatal corticoste-
roids than in the group without expo-
sure. However, it should be noted that
more than one-third of the infants in
the group without exposure to antena-
tal corticosteroids were delivered by ce-
sarean section.

The possibility of postnatal treat-
ment bias based on antenatal cortico-
steroid administration (eg, withhold-
ing postnatal therapies in infants whose
mothers did not receive antenatal cor-
ticosteroids) cannot be excluded. To
mitigate this effect, infants not receiv-
ing resuscitation who died within the
first 12 hours after birth were ex-
cluded, but otherwise all live births were
entered into the database, including in-
fants who died in the delivery room.
Nonetheless, obstetrical and neonatal
care was provided at the discretion of
clinicians and parents, and the fre-
quency and intensity with which such
care was applied varied among and
within centers.

Because infants with birth weights of
400 g or less were excluded from the
database, not all infants born at 22 to
25 weeks’ gestation are included in this
study. In addition, the primary out-
come could not be determined in 10.3%
of the infants, raising some concerns
about validity. Data were not collected
on the timing or dose of antenatal cor-
ticosteroid treatment, fetal monitor-
ing, or length of maternal hospitaliza-
tion before delivery so these could not
be studied. Data were not collected on
maternal complications but the large
meta-analysis5 did not report impor-
tant maternal adverse effects other than
glucose intolerance in 1 study.

Data from randomized controlled
trials of exposure to antenatal cortico-
steroids in infants born at less than 26
weeks’ gestation are limited, and meta-
analyses do not support or refute the
benefits of exposure to antenatal cor-
ticosteroids at these early gestational
ages.5,6 However, several reports of large
series of infants exposed to antenatal
corticosteroids and born at gesta-
tional ages around the limits of viabil-
ity describe benefits. Treatment with an-
tenatal corticosteroids was associated

with reduced mortality to hospital dis-
charge among 753 infants born at 22
to 23 weeks’ gestation from 87 hospi-
tals in Japan.20 However, the major neo-
natal morbidities were not affected and
the data were only analyzed for the
combined weeks. A population-based
series of 705 infants born at less than
26 weeks’ gestation showed that expo-
sure to antenatal corticosteroids was as-
sociated with reductions in hospital
mortality,21 severe motor disability, and
low scores on the Mental Developmen-
tal Index.22 A study of 181 infants born
at 23 weeks’ gestation in 3 hospitals over
a 10-year period reported reductions in
mortality only for the infants exposed
to a full course of antenatal corticoste-
roids.23 A study of 117 singleton in-
fants exposed to a complete course of
antenatal corticosteroids at less than 24
weeks’ gestation and born at 23 to 25
weeks’ gestation in a single hospital over
a 10-year period revealed that cortico-
steroid administration was associated
with reduction in mortality and se-
vere intracranial hemorrhage.24 Other
large multicenter studies have shown
that antenatal corticosteroids were as-
sociated with decreased hospital mor-
tality10,16,25 and severe disability13,26,27 in
very preterm infants but have not fo-
cused the analysis on those born be-
fore 24 weeks’ gestation. These pa-
tient series show that antenatal
corticosteroids are associated with vari-
able reductions in mortality and mor-
bidities.

The current study showed large re-
ductions in mortality with a multi-
center database and extends the find-
ings to include reductions in important
in-hospital and follow-up morbidi-
ties. Furthermore, the reduction in ad-
verse outcomes was observed in al-
most all patient subgroups. Thus, it is
likely that the results of this study are
generalizable to a broad population.
Even though concern has been ex-
pressed about repeated courses of an-
tenatal corticosteroids if started early
during pregnancy,7 2 recent trials of re-
peated courses demonstrated no in-
creased risk for neurodevelopmental
impairment.28,29 Thus, concerns about

repeated courses of antenatal steroids
should not preclude the initial admin-
istration of antenatal steroids at a ges-
tational age around the limits of viabil-
ity.

In summary, antenatal corticoste-
roid therapy for mothers of infants born
at 23, 24, and 25 weeks’ gestation was
associated with lower rates of both mor-
tality and important morbidities, in-
cluding a lower rate of death or severe
neurodevelopmental impairment at 18
to 22 months’ corrected age. These ben-
efits were observed across subgroups
without evidence that they differed
across the ranges of gestational ages
around the limits of viability. Despite
their potential to improve outcomes, the
administration of antenatal corticoste-
roids is not increasing at gestational ages
around the limits of viability4 and re-
mains substantially lower than at later
gestational ages. Controlled trials could
be performed to precisely determine the
benefits of antenatal corticosteroids
when administered this early but such
trials will be difficult to perform. Ini-
tiation of antenatal corticosteroids may
be considered starting at 23 weeks’ ges-
tation and later if the infant will be given
intensive care because this therapy is
associated with reduced mortality and
morbidity.
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