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ABSTRACT
ObjeCtive
To determine whether exposure to any antenatal 
corticosteroids is associated with a lower rate of death 
at each gestational age at which administration is 
currently recommended.
Design
Prospective cohort study.
settings
300 participating neonatal intensive care units of the 
Pediatrix Medical Group in the United States.
PartiCiPants
117 941 infants 23 0/7 to 34 6/7 weeks’ gestational age 
born between 1 January 2009 and 31 December 2013.
exPOsure
Any antenatal corticosteroids.
Main OutCOMes Measures
Death or major hospital morbidities analyzed by 
gestational age and exposure to antenatal 
corticosteroids with models adjusted for birth weight, 
sex, mode of delivery, and multiple births.
results
Infants exposed to antenatal corticosteroids (n=81 832) 
had a significantly lower rate of death before discharge 
at each gestation 29 weeks or less, 31 weeks, and 
33-34 weeks compared with infants without exposure 
(range of adjusted odds ratios 0.32 to 0.55). The 
number needed to treat with antenatal corticosteroids 
to prevent one death before discharge increased from 
six at 23 and 24 weeks’ gestation to 798 at 34 weeks’ 
gestation. The rate of survival without major hospital 
morbidity was higher among infants exposed to 
antenatal corticosteroids at the lowest gestations. 
Infants exposed to antenatal corticosteroids had lower 
rates of severe intracranial hemorrhage or death, 

necrotizing enterocolitis stage 2 or above or death, 
and severe retinopathy of prematurity or death 
compared with infants without exposure at all 
gestations less than 30 weeks and most gestations for 
infants born at 30 weeks’ gestation or later.
COnClusiOn
Among infants born from 23 to 34 weeks’ gestation, 
antenatal exposure to corticosteroids compared with 
no exposure was associated with lower mortality and 
morbidity at most gestations. The effect size of 
exposure to antenatal corticosteroids on mortality 
seems to be larger in infants born at the lowest 
gestations.

Introduction
In meta-analyses of randomized controlled trials of 
antenatal corticosteroids analyzed by gestational age at 
birth, death was decreased in the subgroup of preterm 
infants born at 30-34 weeks’ gestation but not in the 
subgroup born before 30 weeks’ gestation, in part 
because of the small sample size.1 2  These same 
meta-analyses also analyzed by gestational age at trial 
entry and found a lower rate of death among infants 
from 26 weeks’ gestation and higher. As current guide-
lines recommend the administration of antenatal corti-
costeroids to women at risk of preterm delivery from 24 
0/7 to 34 6/7 weeks’ gestation and agree on considering 
administration from 23 0/7 to 23 6/7,3-5  further random-
ized controlled trials are unlikely to be conducted in 
this population. The current recommendations for 
infants at the lowest gestations are based on limited evi-
dence from randomized controlled trials, but the exten-
sion of the recommendation to consider administration 
below 24 weeks is based on consensus and recent 
observational studies in selected populations.3-10

As some of the benefits of antenatal corticosteroids 
differ by gestational age,1 2 the objective of this study 
was to determine the presence and magnitude of the 
association between antenatal corticosteroids and out-
comes at each gestational age for which this treatment 
is currently recommended. We hypothesized that in 
preterm infants with a gestational age of 23 0/7 to 34 6/7 
weeks, exposure to antenatal corticosteroids compared 
with no exposure to antenatal corticosteroids would be 
associated with a lower rate of hospital mortality (pri-
mary outcome) and major morbidities at each gesta-
tional age.

Methods
This study analyzed data collected prospectively at 300 
participating neonatal intensive care units in the 
United States for the database of the Pediatrix Clinical 
Data Warehouse. This database includes clinical data 
acquired electronically from medical records of all 

WhAT IS AlReAdy knoWn on ThIS TopIC
Guidelines recommend administration of antenatal corticosteroids to infants from 
24 to 34 weeks’ gestation and consideration of administration at 23 weeks’ gestation
The extension to consider administration at 23 weeks is based on limited data from 
observational studies and consensus
Meta-analyses of randomized controlled trials of antenatal corticosteroids have 
shown no difference in mortality in the subgroup analysis of infants delivered at 
24-30 weeks’ gestation

WhAT ThIS STudy AddS
This study highlights for the first time that infants at the lowest gestations seem to 
benefit the most from exposure to antenatal corticosteroids
Exposure to antenatal corticosteroids was associated with a comparably lower 
mortality at 23 weeks’ gestation than at 24 weeks
Survival without major hospital morbidity was also lower among infants exposed to 
antenatal corticosteroids at the lowest gestations
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infants admitted to neonatal intensive care units of the 
Pediatrix Medical Group. The Pediatrix Medical Group 
includes a range of both large and small neonatal inten-
sive care units, academic and non-academic centers, 
and several children’s hospital centers in the US. This 
database has been previously well described and has 
been used to answer major research questions and for 
large collaborative quality improvement initiatives.11-13 
We included infants from 23 0/7 to 34 6/7 weeks’ gesta-
tion born between 1 January 2009 and 31 December 
2013. We prioritized best obstetric estimate of gesta-
tional age based on the mother’s last menstrual period 
and fetal ultrasonography over best neonatal estimates 
as determined on the basis of physical examination cri-
teria, including the Ballard or Dubowitz examination. 
We excluded infants who were not delivered at one of 
the study hospitals, infants with major anomalies, and 
those who were transferred to another hospital, to 
ensure that all outcome data for infants in this study 
were complete. We did not impute missing data.

Definitions
We considered infants whose mothers had received one 
or more doses of either betamethasone or dexametha-
sone to be exposed to any antenatal corticosteroids.14  
Data on partial or complete courses and data on repeat 
courses of antenatal corticosteroids were not col-
lected.15  We abstracted all outcomes prospectively from 
medical records by using standardized definitions. Data 
were collected until death or discharge, whichever 
occurred first. We defined severe intracranial hemor-
rhage (grade 3-4) by using Papile’s grading system and 
medical or surgical necrotizing enterocolitis (stage ≥2) 
by using the modified Bell’s criteria. Infants diagnosed 
as having suspected necrotizing enterocolitis (stage 1) 
were not included. We defined severe retinopathy of 
prematurity (stage ≥3 or treated with ablation/antivas-
cular endothelial growth factor) by using the Interna-
tional Classification of Retinopathy of Prematurity and 
bronchopulmonary dysplasia by using the traditional 
definition of treatment with supplemental oxygen or 
respiratory support at 36 weeks’ postmenstrual age.16 
We classified infants with one of more of the above con-
ditions as having major hospital morbidity.

Outcome measures
Many of the major outcomes in neonatology compete 
with death and can be assessed only in infants who sur-
vive the initial hospital course. Therefore, we reported 
these outcome measures with death as a competing 
composite outcome as well as independently of death 
as a non-composite outcome.

statistical analysis
We explored the association between antenatal cortico-
steroids and outcomes separately within each gesta-
tional age group. The primary outcome measure was 
death before discharge from hospital. All secondary 
outcome measures were pre-specified and included 
both composite outcomes combined with death and 
non-composite outcomes. We used Fisher’s exact test to 

describe differences in categorical variables. We used 
analysis of variance for normally distributed continu-
ous variables and the Kruskal-Wallis test for continuous 
skewed variables. We did logistic regression analyses 
adjusted for factors present at birth previously associ-
ated with differences in mortality, including birth 
weight, sex, mode of delivery, and multiple births.17-19 
We calculated the number needed to treat to prevent 
one death by using the standard method of unadjusted 
absolute risk reduction at each gestational age.

We also did forward stepwise logistic regressions for 
other factors present at birth associated with neonatal 
outcomes, including race/ethnicity, small for gesta-
tional age birth (<10th centile), maternal age, diabetes, 
pre-eclampsia, hypertension, prenatal care, rupture of 
membranes more than 24 hours before birth, and pla-
cental abruption. We defined a probability significance 
level to enter the model as 0.15 and a probability signif-
icance level to leave the model as 0.1. Within each ges-
tational age, the factors listed above that were retained 
were different but the adjusted odds ratio was not 
changed significantly, so none of these factors was 
retained in the final model. We used SAS software ver-
sion 9.2 for all statistical analyses. We estimated odds 
ratios and 95% confidence intervals for binary out-
comes, with a two sided P value of less than 0.05 indi-
cating statistical significance.

Patient involvement
Patients/parents and advocacy groups were not 
involved in the development of the study hypothesis, 
recruitment, outcome measures, study design, or 
implementation. Patients/parents and advocacy groups 
were not involved in the interpretation of the results or 
in the preparation of the manuscript, and there are no 
plans to disseminate the results of the research directly 
to study participants, advocacy groups, or parent 
groups.

Results
We included 117 941 infants, of whom 81 832 (69.4%) 
were exposed to antenatal corticosteroids (table 1 ). 
Rates of exposure to antenatal corticosteroids were 
lower among infants at the higher and the lower ends of 
the recommended gestational age range (fig 1 ). Mothers 
of infants who were exposed to antenatal corticoste-
roids were more likely to be white, to be delivered by 
cesarean section, and to have had prenatal care, rup-
ture of membranes more than 24 hours before birth, 
pre-eclampsia, and hypertension. Infants who were 
exposed to antenatal corticosteroids were more likely to 
be small for gestational age and the product of multiple 
births (table 1).

Among infants exposed to antenatal corticosteroids, 
the mortality rate was lower than among those without 
exposure at each gestational age from 23 to 29 weeks 
and at 31, 33, and 34 weeks, an association that per-
sisted after adjustment for covariates (table 2 ). The 
unadjusted number needed to treat to prevent one 
infant death increased exponentially with increasing 
gestational age, rising from six infants at 23 and 
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24 weeks’ gestation to 798 infants at 34 weeks’ gestation 
(fig 2). The adjusted odds ratios calculated using gesta-
tional age specific forward stepwise regression models 
did not differ in a meaningful way from the results of 
the gestational age specific models calculated using 
previously identified risk factors for mortality, and they 
are therefore not presented.

Exposure to antenatal corticosteroids was associated 
with lower rates of the composite outcome of death with 
other common morbidities of prematurity. Infants 
exposed to antenatal corticosteroids had a lower rate of 
severe intracranial hemorrhage or death compared with 
infants without exposure at each gestational age from 23 
to 31 weeks (table 2). Infants exposed to antenatal corti-
costeroids had a lower rate of stage 2 or above necrotiz-
ing enterocolitis or death compared with infants without 
exposure at each gestational age from 23 to 30 weeks. 
Infants exposed to antenatal corticosteroids also had a 

lower rate of severe retinopathy of prematurity or death 
than did infants without exposure at each gestational 
age from 23 to 29 weeks. The rate of bronchopulmonary 
dysplasia or death was lower in infants exposed to ante-
natal corticosteroids than in infants without exposure 
only among infants at 23 and 24 weeks’  gestation.

We also did similar analyses of non-composite sec-
ondary outcomes (table 3 ). Infants exposed to antena-
tal corticosteroids had a lower rate of severe intracranial 
hemorrhage compared with infants without exposure at 
each gestational age from 23 to 30 weeks. Rates of stage 
2 or above necrotizing enterocolitis and severe retinop-
athy of prematurity were higher in infants exposed to 
antenatal corticosteroids than in infants without expo-
sure at 23 weeks’ gestation and did not differ among 
infants at other gestations. Rates of bronchopulmonary 
dysplasia were higher among infants exposed to ante-
natal corticosteroids compared with infants without 
exposure at 23 and 24 weeks’ gestation and did not dif-
fer among infants at other gestations. Rates of survival 
without major hospital morbidity were higher among 
infants exposed to antenatal corticosteroids compared 
with those without exposure at 23, 24, 26, and 27 weeks’ 
gestation and did not differ among infants at other ges-
tations. Infants exposed to antenatal corticosteroids 
had a lower rate of mechanical ventilation on day 0, 1, 
and/or 2 after birth compared with infants who were not 
exposed at each gestational age from 25 to 34 weeks’ 
gestation and did not differ among infants at other ges-
tations (table 3).

discussion
This large multicenter prospective cohort study illus-
trates that exposure to antenatal corticosteroids is asso-
ciated with lower mortality in infants at most gestational 
ages from 23 to 34 weeks, even after adjustment for mul-
tiple significant confounders. Importantly, this study 
reports for the first time that the number needed to treat 
associated with a lower mortality increases exponen-
tially at the higher gestational ages above 24 weeks. 
Although the adjusted odds ratios were similar at differ-
ent gestational ages, the number needed to treat 
decreased among infants at the lowest gestations as the 
absolute risk reductions were larger among infants at 
lower gestations. We also found that exposure to antena-
tal corticosteroids was associated with lower rates of 
important composite outcomes including severe intra-
cranial hemorrhage or death, stage 2 or above necrotiz-
ing enterocolitis or death, and severe retinopathy of 
prematurity or death at most gestations. We noted that 
survival without major hospital morbidities was higher 
among infants at the lowest gestational ages who were 
exposed to antenatal corticosteroids. Thus, the benefits 
of antenatal corticosteroids seem to be larger in infants 
born at lower gestations for which data are most limited.

strengths and limitations of study
Although the data used in this study are not population 
based, this is the largest observational study on 
 antenatal corticosteroid exposure to date and the only 
one that assessed exposure at all gestational ages at 

table 1 | infant/maternal baseline characteristics by 
antenatal corticosteroid treatment. values are numbers 
(percentages)

antenatal  
corticosteroids  
(n=81 832)

no antenatal  
corticosteroids  
(n=36 109)

Mother
Race/ethnicity:
 Black 17 977 (22.0) 7975 (22.1)
 White 41 876 (51.2) 16 180 (44.8)
 Hispanic 14 392 (17.6) 7831 (21.7)
Prenatal care reported 78 280 (95.7) 33 195 (91.9)
Pre-eclampsia 12 051 (14.7) 3436 (9.5)
Hypertension 15 508 (19.0) 5349 (14.8)
Placental abruption 3726 (4.6) 2088 (5.8)
Diabetes 9229 (11.3) 3855 (10.7)
Rupture of membranes >24 h 14 129 (17.3) 2298 (6.4)
infant
Male sex 42 999 (52.5) 19 213 (53.2)
Multiple births 26 241 (32.1) 9149 (25.3)
Small for gestational age 9655 (11.8) 3113 (8.6)
Cesarean section 56 004 (68.4) 21 615 (59.9)
Cohort includes infants delivered between 1 January 2009 and 31 
December 2013 with gestational age 23 0/7 to 34 6/7 weeks.
All parameters differed significantly between groups (P<0.05).
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Fig 1 | exposure to antenatal corticosteroids (ans) by 
gestational age. rates of exposure to antenatal 
corticosteroids were lower among infants at higher and 
lower ends of recommended gestational age range
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which antenatal corticosteroids are recommended. A 
large proportion of infants at 23 weeks’ gestation did 
not receive antenatal corticosteroids compared with 
most other gestational age groups, and this study may 
provide a good mimic of the experimental situation at 
this gestational age in particular. In addition, the large 
sample size in this study would have improved the pre-
cision of the estimated effect size. Data came from both 
academic and non-academic, as well as large and 
small, neonatal intensive care units across the US, but 
some limitations should be noted. An inception cohort 
of fetuses who were either exposed or not exposed to 
antenatal corticosteroids was not available. The timing 
of antenatal corticosteroid administration in relation to 
gestational age at administration, time from adminis-
tration to delivery, and whether the course of antenatal 
corticosteroids was partial, complete, or repeated were 
not available. However, inclusion of infants who 
received antenatal corticosteroids outside the optimal 
window for administration,20  from more than 24 hours 
to seven days, would be expected to skew the results 
toward the null. Inclusion of infants who received 
repeated doses of corticosteroids would not be expected 
to change the rate of hospital mortality or any of the 
individual major hospital morbidities included in the 
study significantly compared with a single dose.14 21

Furthermore, data were not collected on whether 
fetal monitoring was undertaken or the length of mater-
nal hospital admission before delivery.22 23  The indica-
tion for preterm delivery was not available and may 
differ between groups. Women admitted in advanced 
labor most likely would be over-represented in the 
group that did not receive antenatal corticosteroids, 
and adjustment for this potential bias was not possible. 
The results of this study are unlikely to be due only to 
confounding, but some residual unmeasured bias in 
the results due to baseline differences may exist 
between the study groups that was not accounted for in 
the regression models. Multiple testing was used in this 
study with a 5% significance level, and this may have 
resulted in a few results being significant purely by 
chance, although this is unlikely as the benefits seemed 
to be consistent across different gestations. In addition, 
there is a possibility of postnatal bias in which infants 
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corticosteroids to prevent one death before discharge in 
infants with gestational age 23 0/7 to 34 6/7 (logarithmic 
scale). number needed to treat to prevent one infant death 
increased exponentially with increasing gestational age
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5

not exposed to antenatal corticosteroids may have had 
their care restricted or withheld.3 24-26

Comparison with other studies
This study shows a survival benefit associated with 
exposure to antenatal corticosteroids at most gesta-
tional ages from 23 to 34 weeks. In the Cochrane review 
of randomized controlled trials of administration of 
antenatal corticosteroids, subgroup analysis of infants 
delivered at less than 30 weeks’ gestation showed that 
rates of neonatal death were not significantly decreased 
by the intervention (relative risk 0.82, 95% confidence 
interval 0.60 to 1.11; one study, 150 infants).1 When 
examined by gestational age at trial entry rather than 
gestational age at birth, the mortality rate was lower 
among infants from 26 weeks and later in this 
meta-analysis. Only 49 extremely preterm infants less 
than 26 weeks’ gestation were included in that 
meta-analysis, and no infants less than 24 weeks’ gesta-
tion were included. The benefits among infants at 
higher gestations in our study were less consistent than 
the benefits described in the meta-analysis, possibly 
because these infants have low rates of major adverse 
outcomes in the current era. We did not consider the 
effect of antenatal corticosteroid administration among 
infants beyond 34 weeks’ gestation in our study, which 
focused on death and major hospital morbidities.

This study supports and extends the results of the aca-
demic center based NICHD Neonatal Research Network 
study of 10 541 infants delivered between 22 and 25 
weeks’ gestation, which found that infants exposed to 
antenatal corticosteroids had a lower rate of death, a 
lower rate of death or severe intracranial hemorrhage/
periventricular leukomalacia, and a lower rate of death 
or necrotizing enterocolitis at each gestation from 23 to 
25 weeks.7  Our study adds to the results from an obser-
vational study of 11 607 infants from 22 to 33 weeks’ ges-
tation that found a lower mortality rate among infants 
exposed to antenatal corticosteroids only at 22-27 weeks’ 
gestation; this was in part a result of the smaller sample 
size at each gestational age in that study, as the adjusted 
hazard ratios were substantially less than 1.0 at most 
gestational ages.8  Our study is consistent with and 
extends the results from a cohort study that included 
13 406 infants born between 23 and 32 weeks’ gestation, 
which showed a lower mortality only in infants born 
between 24 and 29 weeks gestation exposed to antenatal 
corticosteroids compared with unexposed infants, but 
again the sample size was smaller.9

In the Cochrane review of randomized controlled tri-
als of administration of antenatal corticosteroids, the 
subgroup analysis of infants less than 28 weeks’ gesta-
tion showed a significant reduction in the rates of intra-
cranial hemorrhage (relative risk 0.34, 0.14 to 0.86; one 
study, 62 infants).1 A further randomized controlled 
trial also found a lower rate of severe intracranial hem-
orrhage in infants less than 28 weeks’ gestation exposed 
to antenatal corticosteroids compared with unexposed 
infants (1/33 v 9/38; P=0.01).27  In our study, infants 
exposed to antenatal corticosteroids similarly had a 
lower rate of severe intracranial hemorrhage. ta
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The Cochrane review of randomized controlled trials 
did not do subgroup analyses by gestational age for 
necrotizing enterocolitis, retinopathy of prematurity, or 
bronchopulmonary dysplasia.1

Our study showed that antenatal corticosteroids were 
associated with lower rates of death and important 
composite outcomes among infants at most gestational 
ages, including all gestations less than 30 weeks. This 
finding was primarily due to a lower rate of death in 
infants exposed to antenatal corticosteroids, which was 
only partially offset by a higher rate of non-composite 
outcomes for necrotizing enterocolitis, severe retinopa-
thy of prematurity, and bronchopulmonary dysplasia 
among infants at the lowest gestations. These 
 differences are likely explained by competing outcomes 
whereby the rate of death was higher in infants without 
exposure to antenatal corticosteroids who did not sur-
vive long enough to either develop or be diagnosed as 
having the morbidity. The higher rate of death in infants 
without antenatal corticosteroids exposure may also 
explain much of the differences in reported outcomes in 
other observational studies of antenatal corticosteroids 
to date. The higher rate of survival without major hospi-
tal morbidities among infants at the lowest gestations 
exposed to antenatal corticosteroids compared with 
those without exposure in our study is an important 
observation that may be due to the clustering of more 
than one morbidity in the same infant.28

Studies on the effect of antenatal corticosteroids on 
the rates of bronchopulmonary dysplasia have had con-
flicting results. The traditional definition of broncho-
pulmonary dysplasia used in this study probably 
overestimates the incidence of bronchopulmonary dys-
plasia compared with the physiologic definition used in 
studies by the NICHD Neonatal Research Network.7 29  
The aforementioned NICHD Neonatal Research Net-
work study found that infants exposed to antenatal cor-
ticosteroids had a lower rate of death or 
bronchopulmonary dysplasia only at 23 weeks’ gesta-
tion. Two other observational studies of antenatal corti-
costeroid exposure found that infants exposed to 
antenatal corticosteroids did not have a lower rate of 
traditional bronchopulmonary dysplasia by gestational 
age, but these two studies did not control for mortality 
in their analyses of bronchopulmonary dysplasia.8 9 
Infants can be diagnosed as having bronchopulmonary 
dysplasia only if they survive to 36 weeks’ postmen-
strual age, and the higher survival rate in this study 
among infants at the lowest gestations exposed to ante-
natal corticosteroids may have resulted in more infants 
being diagnosed as having bronchopulmonary  dysplasia.

This study differs from the study by the Neonatal 
Research Network of Japan, in which results were 
reported for two week periods rather than single weeks’ of 
gestation.8  That study found no difference in the rate of 
necrotizing enterocolitis in any gestational age group and 
found no difference in rates of intracranial hemorrhage in 
infants from 22 to 23 weeks’ gestation. Our study also dif-
fers from the study by the Neonatal Intensive Care Units, 
which found a higher rate of bronchopulmonary dyspla-
sia in infants delivered at 24 and 26 weeks’ gestation and 

a higher rate of intracranial hemorrhage in infants at 23 
weeks’ gestation exposed to a complete course of antena-
tal corticosteroids.10  The results of the gestational age 
subgroup analysis in that study may have been affected 
by the inclusion of infants with partial exposure to ante-
natal corticosteroids and infants without exposure to 
antenatal corticosteroids in the same group.1

The Cochrane review of randomized controlled trials 
of administration of antenatal corticosteroids found a 
decreased rate of respiratory distress syndrome in 
infants born before 34 weeks’ gestation (relative risk 
0.58, 0.47 to 0.72; five studies, 1177 infants) but not 
before 28 weeks’ gestation (0.79, 0.53 to 1.18; four stud-
ies, 102 infants).1  Our study analyzed data on whether 
infants were ventilated on day 0, 1, and/or 2 as a surro-
gate marker for severe respiratory distress syndrome, as 
infants with less severe respiratory distress syndrome 
may be more likely to be managed with less invasive 
respiratory support.30 31  The lower rate of early mechan-
ical ventilation at each gestational age from 25 to 34 
weeks indicates amelioration of the severity of respira-
tory distress syndrome in these infants. Decisions to 
provide or withhold active treatment may affect out-
comes particularly among infants at the lowest gesta-
tions from 23 to 24 weeks.25 However, our data indicate 
that no difference existed in the number of infants at 
the lowest gestations that died without delivery room 
resuscitation after birth, as there was no difference in 
the rate of mechanical ventilation on day 0, 1, or 2 
among infants at 23 and 24 weeks’ gestation.

This study supports and extends the findings of a 
recent systematic review and meta-analysis of previ-
ously published data from observational studies of 
antenatal corticosteroid use, which found a lower rate 
of mortality among infants at 23 weeks’ gestation who 
received active treatment.32 However, our study adds 
the seminal finding that the number needed to treat 
with antenatal corticosteroids to prevent one death 
before discharge increased from six at 23 and 24 weeks’ 
gestation to 798 at 34 weeks’ gestation.

Conclusion and policy implications
The effect on mortality and survival without major mor-
bidities of exposure to antenatal corticosteroids seems 
to be largest in infants at the lowest gestations, includ-
ing infants at 23 weeks’ gestation who were not included 
in randomized controlled trials. The study also found 
that antenatal exposure to corticosteroids was associ-
ated with lower rates of mortality and major hospital 
morbidities at most gestations for which steroids are 
currently recommended. This study supports the admin-
istration of antenatal corticosteroids in women with 
threatened preterm labor from 23 to 34 weeks’ gestation.
Contributors: CPT and WAC were responsible for study concept and 
design. RHC and ARS acquired the data. CPT, RHC, AD, and WAC 
analyzed the data, and all authors interpreted the data. CPT and WAC 
drafted the manuscript, which all the authors critically revised for 
important intellectual content. All authors approved the final 
manuscript. WAC supervised the study and is the guarantor.
Funding: CPT is supported by the Agency for Healthcare Research and 
Quality grant number 5T32HS013852-14, the Perinatal Health and 
Human Development Research Program of the University of Alabama 
at Birmingham, and the Children’s of Alabama Centennial Scholar 

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.j1039 on 28 M
arch 2017. D

ow
nloaded from

 

http://www.bmj.com/


RESEARCH

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

Fund. These funders had no role in: the study design; the collection, 
analysis, or interpretation of data; the writing of the report; or in the 
decision to submit the article for publication. The content is solely the 
responsibility of the authors and does not necessarily represent the 
official views of the Agency for Healthcare Research and Quality.
Competing interests: All authors have completed the ICJME uniform 
disclosure form at www.icmje.org/coi_disclosure.pdf (available on 
request from the corresponding author) and declare: CPT is supported 
by the Agency for Healthcare Research and Quality grant number 
5T32HS013852-14, the Perinatal Health and Human Development 
Research Program of the University of Alabama at Birmingham, and 
the Children’s of Alabama Centennial Scholar Fund; WAC is on the 
board of MEDNAX, Inc; no other relationships or activities that could 
appear to have influenced the submitted work.
Ethical approval: The study protocol was approved by the 
Institutional Review Board at the University of Alabama at Birmingham 
(protocol number N141125009) and by the Research Advisory 
Committee at MEDNAX, Inc.
Data sharing: No additional data available.
Transparency: The lead author affirms that the manuscript is an 
honest, accurate, and transparent account of the study being reported; 
that no important aspects of the study have been omitted; and that 
any discrepancies from the study as planned (and, if relevant, 
registered) have been explained.
This is an Open Access article distributed in accordance with the terms 
of the Creative Commons Attribution (CC BY 4.0) license, which 
permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: 
http://creativecommons.org/licenses/by/4.0/.
1 Roberts D, Dalziel S. Antenatal corticosteroids for accelerating 

fetal lung maturation for women at risk of preterm birth. Cochrane 
Database Syst Rev 2006;3:CD004454.

2 Onland W, de Laat MW, Mol BW, Offringa M. Effects of antenatal 
corticosteroids given prior to 26 weeks’ gestation: a systematic review 
of randomized controlled trials. Am J Perinatol 2011;28:33-44. 
doi:10.1055/s-0030-1262509. 

3 Raju TN, Mercer BM, Burchfield DJ, Joseph GF Jr. Periviable birth: 
executive summary of a joint workshop by the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development, Society 
for Maternal-Fetal Medicine, American Academy of Pediatrics, and 
American College of Obstetricians and Gynecologists. Am J Obstet 
Gynecol 2014;210:406-17. doi:10.1016/j.ajog.2014.02.027. 

4 Ecker JL, Kaimal A, Mercer BM, et al. American College of Obstetricians 
and Gynecologists and the Society for Maternal–Fetal Medicine. #3: 
Periviable birth. Am J Obstet Gynecol 2015;213:604-14. doi:10.1016/j.
ajog.2015.08.035. 

5 Royal College of Obstetricians and Gynaecologists. Antenatal 
corticosteroids to reduce neonatal morbidity (green-top guideline 
No. 7). 2010. www.rcog.org.uk/en/guidelines-research-services/
guidelines/gtg7.

6  NIH Consensus Development Panel on the Effect of Corticosteroids 
for Fetal Maturation on Perinatal Outcomes. Effect of corticosteroids 
for fetal maturation on perinatal outcomes. JAMA 1995;273:413-8. 
doi:10.1001/jama.1995.03520290065031. 

7 Carlo WA, McDonald SA, Fanaroff AA, et al. Eunice Kennedy Shriver 
National Institute of Child Health and Human Development Neonatal 
Research Network. Association of antenatal corticosteroids with 
mortality and neurodevelopmental outcomes among infants born at 
22 to 25 weeks’ gestation. JAMA 2011;306:2348-58. doi:10.1001/
jama.2011.1752. 

8 Mori R, Kusuda S, Fujimura M. Neonatal Research Network Japan. 
Antenatal corticosteroids promote survival of extremely preterm 
infants born at 22 to 23 weeks of gestation. J Pediatr 2011;159:110-
114.e1. doi:10.1016/j.jpeds.2010.12.039. 

9 Manktelow BN, Lal MK, Field DJ, Sinha SK. Antenatal corticosteroids 
and neonatal outcomes according to gestational age: a cohort study. 
Arch Dis Child Fetal Neonatal Ed 2010;95:F95-8. doi:10.1136/
adc.2009.170340. 

10 Wong D, Abdel-Latif M, Kent A. NICUS Network. Antenatal steroid 
exposure and outcomes of very premature infants: a regional cohort 
study. Arch Dis Child Fetal Neonatal Ed 2014;99:F12-20. doi:10.1136/
archdischild-2013-304705. 

11 Spitzer AR, Ellsbury D, Clark RH. The Pediatrix BabySteps® Data 
Warehouse--a unique national resource for improving outcomes for 
neonates. Indian J Pediatr 2015;82:71-9. doi:10.1007/
s12098-014-1585-2. 

12 Tolia VN, Patrick SW, Bennett MM, et al. Increasing incidence of the 
neonatal abstinence syndrome in U.S. neonatal ICUs. N Engl J Med 
2015;372:2118-26. doi:10.1056/NEJMsa1500439. 

13 Ellsbury DL, Clark RH, Ursprung R, Handler DL, Dodd ED, Spitzer AR. A 
multifaceted approach to improving outcomes in the nicu: the 
Pediatrix 100 000 Babies Campaign. Pediatrics 2016;137:e20150389. 
doi:10.1542/peds.2015-0389. 

14 Brownfoot FC, Gagliardi DI, Bain E, Middleton P, Crowther CA. Different 
corticosteroids and regimens for accelerating fetal lung maturation for 
women at risk of preterm birth. Cochrane Database Syst Rev 
2013;8:CD006764.

15 McKinlay CJ, Crowther CA, Middleton P, Harding JE. Repeat antenatal 
glucocorticoids for women at risk of preterm birth: a Cochrane 
Systematic Review. Am J Obstet Gynecol 2012;206:187-94. 
doi:10.1016/j.ajog.2011.07.042. 

16 Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit 
Care Med 2001;163:1723-9. doi:10.1164/ajrccm.163.7.2011060. 

17 Tyson JE, Parikh NA, Langer J, Green C, Higgins RD. National Institute of 
Child Health and Human Development Neonatal Research Network. 
Intensive care for extreme prematurity--moving beyond gestational 
age. N Engl J Med 2008;358:1672-81. doi:10.1056/NEJMoa073059. 

18 Ambalavanan N, Van Meurs KP, Perritt R, et al. NICHD Neonatal 
Research Network, Bethesda, MD. Predictors of death or 
bronchopulmonary dysplasia in preterm infants with respiratory 
failure. J Perinatol 2008;28:420-6. doi:10.1038/jp.2008.18. 

19 Patel RM, Kandefer S, Walsh MC, et al. Eunice Kennedy Shriver 
National Institute of Child Health and Human Development Neonatal 
Research Network. Causes and timing of death in extremely 
premature infants from 2000 through 2011. N Engl J Med 
2015;372:331-40. doi:10.1056/NEJMoa1403489. 

20 Melamed N, Shah J, Soraisham A, et al. Association between antenatal 
corticosteroid administration-to-birth interval and outcomes of preterm 
neonates. Obstet Gynecol 2015;125:1377-84. doi:10.1097/AOG.00000 
00000000840. 

21 Zephyrin LC, Hong KN, Wapner RJ, et al. Eunice Kennedy Shriver 
National Institute of Child Health and Human Development 
Maternal–Fetal Medicine Units (MFMU) Network. Gestational 
age-specific risks vs benefits of multicourse antenatal corticosteroids 
for preterm labor. Am J Obstet Gynecol 2013;209:330.e1-7. 
doi:10.1016/j.ajog.2013.06.009. 

22 Bottoms SF, Paul RH, Iams JD, et al. National Institute of Child Health 
and Human Development Network of Maternal-Fetal Medicine Units. 
Obstetric determinants of neonatal survival: influence of willingness 
to perform cesarean delivery on survival of extremely low-birth-weight 
infants. Am J Obstet Gynecol 1997;176:960-6. doi:10.1016/
S0002-9378(97)70386-7. 

23 Davidson C, Monga M, Ellison D, Vidaeff A. Continuation of pregnancy 
after antenatal corticosteroid administration: opportunity for rescue?J 
Reprod Med 2010;55:14-8.

24 Smith PB, Ambalavanan N, Li L, et al. Generic Database Subcommittee 
Eunice Kennedy Shriver National Institute of Child Health Human 
Development Neonatal Research Network. Approach to infants born at 
22 to 24 weeks’ gestation: relationship to outcomes of more-mature 
infants. Pediatrics 2012;129:e1508-16. doi:10.1542/peds.2011-2216. 

25 Rysavy MA, Li L, Bell EF, et al. Eunice Kennedy Shriver National 
Institute of Child Health and Human Development Neonatal Research 
Network. Between-hospital variation in treatment and outcomes in 
extremely preterm infants. N Engl J Med 2015;372:1801-11. 
doi:10.1056/NEJMoa1410689. 

26 Serenius F, Blennow M, Maršál K, Sjörs G, Källen K. EXPRESS Study 
Group. Intensity of perinatal care for extremely preterm infants: 
outcomes at 2.5 years. Pediatrics 2015;135:e1163-72. doi:10.1542/
peds.2014-2988. 

27 Garite TJ, Rumney PJ, Briggs GG, et al. A randomized, placebo-
controlled trial of betamethasone for the prevention of respiratory 
distress syndrome at 24 to 28 weeks’ gestation. Am J Obstet Gynecol 
1992;166:646-51. doi:10.1016/0002-9378(92)91691-3. 

28  EXPRESS Group. Incidence of and risk factors for neonatal morbidity 
after active perinatal care: extremely preterm infants study in Sweden 
(EXPRESS). Acta Paediatr 2010;99:978-92. 
doi:10.1111/j.1651-2227.2010.01846.x. 

29 Walsh MC, Wilson-Costello D, Zadell A, Newman N, Fanaroff A. Safety, 
reliability, and validity of a physiologic definition of 
bronchopulmonary dysplasia. J Perinatol 2003;23:451-6. 
doi:10.1038/sj.jp.7210963. 

30 Fischer HS, Bührer C. Avoiding endotracheal ventilation to prevent 
bronchopulmonary dysplasia: a meta-analysis. Pediatrics 
2013;132:e1351-60. doi:10.1542/peds.2013-1880. 

31 Finer NN, Carlo WA, Walsh MC, et al. SUPPORT Study Group of the 
Eunice Kennedy Shriver NICHD Neonatal Research Network. Early 
CPAP versus surfactant in extremely preterm infants. N Engl J Med 
2010;362:1970-9. doi:10.1056/NEJMoa0911783. 

32 Park CK, Isayama T, McDonald SD. Antenatal corticosteroid therapy 
before 24 weeks of gestation: a systematic review and meta-analysis. 
Obstet Gynecol 2016;127:715-25.  doi:10.1097/
AOG.0000000000001355. 

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.j1039 on 28 M
arch 2017. D

ow
nloaded from

 

http://www.bmj.com/

