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The proportions of term or late preterm births after exposure to 
early antenatal corticosteroids, and outcomes: systematic review 
and meta-analysis of 1.6 million infants
Kiran Ninan,1,2 Anja Gojic,1 Yanchen Wang,2 Elizabeth V Asztalos,3 Marc Beltempo,4  
Kellie E Murphy,5 Sarah D McDonald2,6,7

AbstrAct
Objective
To systematically review the proportions of infants 
with early exposure to antenatal corticosteroids but 
born at term or late preterm, and short term and long 
term outcomes.
Design
Systematic review and meta-analyses.
Data sOurces
Eight databases searched from 1 January 2000 to 1 
February 2023, reflecting recent perinatal care, and 
references of screened articles.
eligibility criteria fOr selecting stuDies
Randomised controlled trials and population based 
cohort studies with data on infants with early 
exposure to antenatal corticosteroids (<34 weeks) but 
born at term (≥37 weeks), late preterm (34-36 weeks), 
or term/late preterm combined.
Data extractiOn anD synthesis
Two reviewers independently screened titles, abstracts, 
and full text articles and assessed risk of bias 
(Cochrane risk of bias tool for randomised controlled 
trials and Newcastle-Ottawa scale for population based 
studies). Reviewers extracted data on populations, 
exposure to antenatal corticosteroids, and outcomes. 
The authors analysed randomised and cohort data 
separately, using random effects meta-analyses.

Main OutcOMe Measures
The primary outcome was the proportion of infants 
with early exposure to antenatal corticosteroids 
but born at term. Secondary outcomes included the 
proportions of infants born late preterm or term/
late preterm combined after early exposure to 
antenatal corticosteroids and short term and long 
term outcomes versus non-exposure for the three 
gestational time points (term, late preterm, term/late 
preterm combined).
results
Of 14 799 records, the reviewers screened 8815 non-
duplicate titles and abstracts and assessed 713 full 
text articles. Seven randomised controlled trials and 10 
population based cohort studies (1.6 million infants 
total) were included. In randomised controlled trials 
and population based data, ∼40% of infants with early 
exposure to antenatal corticosteroids were born at 
term (low or very low certainty). Among children born 
at term, early exposure to antenatal corticosteroids 
versus no exposure was associated with increased 
risks of admission to neonatal intensive care (adjusted 
odds ratio 1.49, 95% confidence interval 1.19 to 
1.86, one study, 5330 infants, very low certainty; 
unadjusted relative risk 1.69, 95% confidence 
interval 1.51 to 1.89, three studies, 1 176 022 
infants, I2=58%, τ2=0.01, low certainty), intubation 
(unadjusted relative risk 2.59, 1.39 to 4.81, absolute 
effect 7 more per 1000, 95% confidence interval 
from 2 more to 16 more, one study, 8076 infants, 
very low certainty, one study, 8076 infants, very low 
certainty), reduced head circumference (adjusted 
mean difference −0.21, 95% confidence interval 
−0.29 to −0.13, one study, 183 325 infants, low 
certainty), and any long term neurodevelopmental or 
behavioural disorder in population based studies (eg, 
any neurodevelopmental or behavioural disorder in 
children born at term, adjusted hazard ratio 1.47, 95% 
confidence interval 1.36 to 1.60, one study, 641 487 
children, low certainty).
cOnclusiOns
About 40% of infants exposed to early antenatal 
corticosteroids were born at term, with associated 
adverse short term and long term outcomes (low or 
very low certainty), highlighting the need for caution 
when considering antenatal corticosteroids.
systeMatic review registratiOn
PROSPERO CRD42022360079.

Introduction
Although preterm birth (<37 weeks’ gestation) is 
the leading cause of death in newborns and young 
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WhAt Is AlreAdy knoWn on thIs topIc
Antenatal steroids remain one of the most powerful interventions to reduce 
neonatal mortality and morbidity in infants born very early, with benefits well 
documented in randomised controlled trials for >50 years
Predicting preterm birth is, however, challenging—infants exposed to early 
antenatal corticosteroids (<34 weeks’ gestation) may be born at term (≥37 
weeks), making the exposure unnecessary and a potential risk
Understanding the proportion of infants unnecessarily exposed to antenatal 
corticosteroids and their outcomes are important to inform clinical practice and 
guidelines

WhAt thIs study Adds
In this systematic review of both population based studies and randomised 
controlled trials, ∼40% of infants were born at term after exposure to early 
antenatal corticosteroids (low/very low certainty)
Early exposure to steroids was associated with increased risks of admission to 
neonatal intensive care, intubation, hypoglycaemia requiring treatment, reduced 
anthropometric measurements, and increased long term neurodevelopmental or 
cognitive risks (low/very low certainty)
Given the proportions of exposed infants being born at term after exposure 
to early antenatal corticosteroids and associated short term and long term 
concerns, caution might be warranted when using antenatal corticosteroids
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children,1 a single course of corticosteroids during 
the antenatal period is one of the most powerful 
interventions for reducing neonatal mortality and 
morbidity.2-6 Antenatal corticosteroids, administered 
for pregnancies at increased risk of preterm birth 
(24-34 weeks+6 days) accelerate maturation of 
fetal organs, especially the lungs.7-10 However, 
some fetuses exposed to antenatal corticosteroids 
exceed expectations and are born at term (≥37 
weeks). Even infants born during the late preterm 
period (34-36 weeks) may not benefit from early 
antenatal corticosteroids (<33 weeks+6 days).11 The 
administration of antenatal corticosteroids during the 
late preterm period (34-36 weeks) has been commonly 
adopted in the US since 2016,12 but less frequently in 
Canada and Europe.3 13 This unnecessary exposure to 
antenatal corticosteroids has been an issue for more 
than 50 years, as the first randomised controlled 
trial published in 1972 found that 30% of infants 
exposed to early antenatal corticosteroids were born at 
term.14 Guidelines from the UK4 and North America,15 
however, have recently recommended tracking the 
proportion of pregnancies with unnecessary early 
exposure to antenatal corticosteroids (ie, births at 
term). Indeed, the UK guideline advocates that the 
proportion of infants born at term after early exposure 
to antenatal corticosteroids should be ideally 0%.4 The 
resulting balancing metric can “discourage clinicians 
from overusing antenatal corticosteroids” and support 
clinicians in critically assessing those pregnancies that 
should receive antenatal corticosteroids.15 In the past, 

it may have been incentivised for “providers to use 
antenatal corticosteroids liberally.”15

Literature based on animal studies has shown that 
exposure to antenatal corticosteroids is associated 
with altered fetal brain development, including a 15% 
reduction in cortical surface16 17; reduced neurons in 
the hippocampus,18 an area involved in memory and 
learning; loss of microtubule associated proteins in 
the frontal neocortex19; reduced neuronal plasticity20; 
and impaired regulation of the hypothalamic-pituitary-
adrenal axis.21 22 More recently is growing about the 
long term neurodevelopmental risks to infants born 
at term after exposure to antenatal corticosteroids.11 
Also, long term cardiovascular, renal, and metabolic 
impacts have been noted in both animals23 24 and 
humans.25-30

We conducted a systematic review and meta-analysis 
to understand the proportions of infants exposed to 
early antenatal corticosteroids who were born at term, 
late preterm, or term/late preterm combined, and 
short term and long term outcomes, and outcomes in 
pregnant people.

Methods
The systematic review was performed in accordance 
with the Cochrane Handbook for Systematic Reviews 
of Interventions (version 6.1)31 and the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses statement.32 Our protocol was published in 
the PROSPERO registry (CRD42022360079).

Data sources
After consultation with a research librarian, we 
searched eight databases from 1 January 2000 to 1 
February 2023: Ovid Medline, Ovid Embase, PsycInfo, 
Cochrane CENTRAL, Cumulative Index of Nursing and 
Allied Health Literature, Web of Science, ClinicalTrials.
gov, and the first 275 results on Google Scholar (see 
supplementary eAppendix 1). Also, we reviewed 
references of screened studies for additional records.

eligibility
We considered studies that included exposure to 
antenatal corticosteroids defined as “early exposure,” 
specifically occurring before 34 weeks+6 days of 
gestation (an upper limit in recent clinical practice 
guidelines)13 33 for infants born at term (≥37 weeks), 
or before 33 weeks+6 days for infants born either 
late preterm (34-36 weeks) or term/late preterm 
(combined from ≥34 weeks). Both gestational periods 
were considered as “mistimed” exposures to antenatal 
corticosteroids. Outcomes for infants born at term, 
late preterm, or term/late preterm combined were 
presented separately. We excluded studies in which 
antenatal corticosteroids were administered during 
the late preterm period as we focused on mistimed 
steroids, not steroids administered according to the 
criteria of the Antenatal Late Preterm Steroids (ALPS) 
randomised controlled trial (34-36 weeks),34 a practice 
widely adopted in the US,12 although less frequently in 
Canada and Europe.3 13 Unless studies only considered 
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singleton pregnancies, we excluded studies that 
reported the proportion of infants born at term or late 
preterm but not the number because the proportion 
of infants born at term could not be calculated. 
Supplementary eAppendix 2 lists the excluded studies 
and reasons for exclusion. We included studies that 
captured births in 2000 or later, because of relevance 
to current antenatal and postnatal care. No language 
restrictions were applied.

Our primary outcome was the proportion of infants 
born at term (≥37 weeks, including post-term), with 
early exposure to antenatal corticosteroids. Secondary 
outcomes included the proportions of infants born late 
preterm (34-36 weeks) or term/late preterm (combined 
from ≥34 weeks) and the short term and long term 
outcomes versus no exposure for all three gestational 
time points (see supplementary eAppendix 3).

We considered randomised controlled trials and only 
population based cohort studies to reduce selection 
bias. Population based cohort studies were defined 
as ones including either all births in a particular 

geographical area or a sample representative of all 
births in a predefined population.35 36 We excluded 
studies that included exclusively populations of infants 
in neonatal intensive care units as they underrepresent 
term or late preterm births. We also excluded other 
observational study designs and other publication 
types as they would not include or represent all births 
within an area (to the same degree as population based 
cohort studies), which is important when generalising 
results to the overall population.37

Data screening and extraction
Two reviewers (KN and AG or KN and YW) independently 
screened titles and abstracts and full texts, extracted 
data, and assessed bias and certainty of the evidence. 
A piloted data extraction form was used to collect data 
on the characteristics of study populations, details of 
exposure to antenatal corticosteroids, and outcomes. 
For studies with overlapping populations for a specific 
outcome, we evaluated the largest cohort. Reviewers 
resolved discrepancies through discussion, with an 
additional reviewer (SDM) involved as necessary.

We assessed the risk of bias for population based 
studies using an outcome specific modified Newcastle-
Ottawa scale (for proportions, short term outcomes, 
and long term outcomes a maximum of 13, 12, and 
13 stars, respectively, could be awarded based on 
confounders and covariates, see supplementary 
eAppendix 4).38 The Newcastle-Ottawa scale was 
selected for its ability to distinguish variations 
in quality based on number of confounders and 
covariates38 and its reliability compared with the 
ROBINS-I (Risk Of Bias In Non-randomised Studies - of 
Interventions) tool.39 For randomised controlled trials, 
we used the Cochrane risk of bias (RoB) 2.0 tool.31 We 
utilised the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) tool to assess 
certainty of evidence as high, moderate, low, or 
very low based on the GRADE domains (risk of bias, 
inconsistency, imprecision, indirectness, publication 
bias, and other considerations).40

Data analysis and synthesis
We analysed randomised and non-randomised data 
separately. The proportion of infants born at term 
after early exposure to antenatal corticosteroids was 
defined as the number of infants born at term divided 
by the number of infants exposed early to antenatal 
corticosteroids. Adjusted and unadjusted data were 
analysed separately, with emphasis on adjusted data 
in population based cohort studies. When feasible, 
we conducted a random effects meta-analysis for 
weighted proportions41 and short term or long term 
outcomes.31 We determined risk ratios, odds ratios, 
and mean differences, along with corresponding 95% 
confidence intervals. A two sided P value of <0.05 
was considered statistically significant. We used 
the I2 and τ2 statistics to determine the total study 
variability in effect estimates and the between study 
variability, respectively.31 Pooled weighted proportions 
(using inverse variance) were calculated in R version 
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4.0.3 (Meta Package; R Foundation for Statistical 
Computing)42; other outcomes were estimated using 
Review Manager version 5.4.1 (Cochrane Community, 
UK).43

We planned subgroup analyses to compare outcomes 
between a specified gestational age at exposure to 
antenatal corticosteroids versus an unspecified one 

(assuming that as is typical according to guidelines, 
exposure to antenatal corticosteroids occurred 
“early”), betamethasone versus dexamethasone, 
male versus female infant, and a single course 
(either two doses 12 mg betamethasone 24 hours 
apart or four doses 6 mg dexamethasone 12 hours 
apart)4 versus multiple courses of early antenatal 

table 1 | characteristics of included population based studies in a systematic review and meta-analysis on term, late preterm, and term/late preterm 
births after early exposure to antenatal corticosteroids
studies by gestation and 
outcomes (country) inclusion criteria acs treatment (type of acs)

risk of bias assessment 
(nOs): score (total score)

Born at term
Proportions of infants:
 Raikkonen 2020 (Finland)44 •  Singleton live births between 2006 and 2017 

•   Infants with maternal and child identification codes for data linkage 
and data on gestational age

•  Infants survived until end of first year of life

NS*† 7 (13)

Short term outcomes:
 Diguisto 2020 (France)45‡ •   Singleton or multiple births between 2000 and 2013

•   Gestational age <34 weeks when ACS were administered
NS* 10§; 9¶; 8**; 7¶ (12)

 McKinzie 2021 (USA)46†† •  Singleton births between 2012 and 2019 NS (betamethasone)* 8§; 7** (12)
 Rodriguez 2019 (Finland)47 •   Singleton births with gestational age >24 weeks between 2006 and 

2010
NS* 7§** (12)

 Melamed 2019 (Canada)48 •  Singleton live births between 2006 and 2011 NS*† 8** (12)
 Raikkonen 2022 (Finland)49 •  Singleton live births between 2006 and 2017 

•   Infants with maternal and child identification codes for data linkage 
and data on gestational age

•  Infants survived until end of first year of life

NS*† 7** (12)

Long term outcomes:
 Melamed 2019 (Canada)48 •  Singleton live births between 2006 and 2011 NS*† 10§; 8** (13)
 Raikkonen 2022 (Finland)49 •  Singleton live births between 2006 and 2017 

•   Infants with maternal and child identification codes for data linkage 
and data on gestational age

•  Infants survived until end of first year of life

NS*† 9§; 7** (13)

 Raikkonen 2020 (Finland)44 •  Singleton live births between 2006 and 2017 
•   Infants with maternal and child identification codes for data linkage 

and data on gestational age
•  Infants survived until end of first year of life

NS*† 9§; 7** (13)

 Osteen 2022 (USA)50†† •  Singleton births between 2012 and 2014 
•  Pregnancy at risk of preterm labour 
•   Children ≥5 years old with encounter in electronic medical record 

after 5th birthday

NS (betamethasone or 
dexamethasone)a

8§; 7** (13)

Born late preterm
Proportion of infants:
 Malloy 2012 (USA)51 •   Singleton or multiple births with infants between 22 and 36 weeks’ 

gestational age and born in 2007
•   Only included records with information on ACS use

NS* 6 (13)

Short term outcomes:
 Malloy 2012 (USA)51 •   Singleton or multiple births with infants between 22 and 36 weeks’ 

gestational age and born in 2007
•   Only included records with information on ACS use

NS* 7§; 6** (12)

Long term outcomes:
 Aviram 2022 (Canada)52 •   Singleton live births between 2006 and 2011

•   Gestational age <34 weeks when ACS were administered
NS† 10‡; 8** (13)

Born at term/late preterm (combined)
Proportion of infants:
 Razaz 2015 (Canada)53 •   Singleton or multiple live births between 1988 to 2012 1 course or 1 dose (NS)* 6 (13)
Short term outcomes:
 Rodriguez 2019 (Finland)47 •   Singleton births with gestational age >24 weeks between 2006 and 

2010
NS* 7§** (12)

ACS=antenatal corticosteroids; NOS=Newcastle-Ottawa scale; NS=not specified.
Newcastle-Ottawa scale used for population based studies: A maximum of 12 points (star system) could be awarded when assessing risk of bias for short term outcomes, a maximum of 13 
points (stars) could be awarded when assessing risk of bias for long term outcomes or proportion outcomes.
*Although gestational age when ACS were administered is not specified, definition of early exposure to ACS is likely met. Early exposure to ACS was defined as ACS administered <34 weeks+6 
days of gestation for infants born at term, and <33 weeks+6 days for infants born late preterm or term/late preterm (combined).
†Number of courses of ACS was not specified but a single course is likely provided given reference to guideline recommendations.
‡Sample representative of population: All live term births in 175 French maternity units in every region of France.
§Risk of bias assessment for adjusted short term or long term outcomes. Studies are ordered by risk of bias assessment for adjusted outcomes when available, but if not available are ordered by 
risk of bias assessment for unadjusted outcomes.
¶Risk of bias assessments differ based on the outcome. Head circumference has fewer points awarded compared with the other outcomes.
**Risk of bias assessment for unadjusted short term or long term outcomes.
††Sample representative of population: Singleton term births within Indiana University Health hospitals.



RESEARCH

the bmj | BMJ 2023;382:e076035 | doi: 10.1136/bmj-2023-076035 5

corticosteroids. We conducted post hoc sensitivity 
analyses to understand purely population based 
data that included all births—that is, we excluded 
samples that were representative of the area but did 
not include all births.

Patient and public involvement
No patients or members of the public were involved in 
the design, conduct, or reporting of the study, or in the 
dissemination of findings. During their clinical routine, 
however, several of the authors have regular contact 

table 2 | characteristics of included randomised controlled trials in a systematic review and meta-analysis on term, late preterm, and term/late preterm 
births after early exposure to antenatal corticosteroids

studies by gestation and outcomes 
(country) inclusion criteria acs treatment (type of acs)

risk of bias assessment 
(cochrane rob*) in order  
r, D, Mi, Me, s, O

Proportion of infants
Born at term:
 Schmitz 2022 (France)54 •   Singleton pregnancy at risk of preterm birth between 2017 

and 2019
•  Gestational age <32 weeks at trial entry 
•  Received 1 dose of ACS before trial entry 
•  Age ≥18 years

1 course betamethasone v placebo +, + ,+, +, + , +

 WHO ACTION-1 Trial Collaborators 
2020 (international)55

•  Singleton or multiple pregnancy between 2017 and 2019 
•  Gestational age 26-33+6 weeks at trial entry 
•   No previous ACS exposure but planned or expected birth 

≤48 hours

1 course dexamethasone with one 
potential repeat course if birth did not 
occur after 7 days v placebo

+, +, +, +, +, +

 Crowther 2006 (Australia and New 
Zealand)56

•  Single, twin, or triplet pregnancy between 1998 and 2004 
•  Gestational age <32 weeks at trial entry 
•   Received 1 complete course of ACS ≥7 days previously and 

remained at risk of preterm birth
•  No contraindication to further corticosteroids

Repeat dose betamethasone v placebo + ,+ ,+, + ,+ , +

 Danesh 2012 (Iran)57 •  Singleton pregnancy at risk of preterm birth in 2011 
•  Gestational age 24-34 weeks at trial entry 
•   16-45 years of age at high risk of preterm labour with intact 

membranes or PPROM
•   Residence in Isfahan, low Bishop Score (≤5), non-smoker, 

and hospital admission ≥3 days

1 course betamethasone v 1 course 
dexamethasone

+, + ,+, + ,?, ?

Born late preterm:
 Schmitz 2022 (France)54 •   Singleton pregnancy at risk of preterm birth between 2017 

and 2019
•  Gestational age <32 weeks at trial entry 
•  Received 1 dose of ACS before trial entry 
•  Age ≥18 years

1 course betamethasone v placebo + ,+ ,+, +, +, +

 Crowther 2006 (Australia and New 
Zealand)56

•  Single, twin, or triplet pregnancy between 1998 and 2004 
•  Gestational age <32 weeks at trial entry 
•   Received 1 complete course of ACS ≥7 days previously and 

remained at risk of preterm birth
•  No contraindication to further corticosteroids

Repeat dose betamethasone v placebo + ,+ ,+, + ,+, +

 Peltoniemi 2007 (Finland)58 •  Singleton or multiple pregnancy between 2001 and 2005 
•  Gestational age <34 weeks at trial entry 
•   Received 1 complete course ≥7 days before trial entry and 

preterm birth was imminent
•   High risk of spontaneous delivery <48 hours indicated by 

cervical opening ≥3 cm, regular contractions, or PPROM

1 repeat dose betamethasone v 
placebo

+,+, +, +, ?, ?

Born at term/late preterm (combined):
 Schmitz 2022 (France)54 •   Singleton pregnancy at risk of preterm birth between 2017 

and 2019
•  Gestational age <32 weeks at trial entry 
•  Received 1 dose of ACS before trial entry 
•  Age ≥18 years

1 course betamethasone v placebo +, +, +, +, +, +

 McEvoy 2010 (USA)59 •  Singleton or twin pregnancy between 2001 and 2007 
•  Gestational age <34 weeks at trial entry 
•   Received 1 complete course of ACS ≥14 days previously 

and remained at risk of preterm birth

1 repeat course betamethasone v 
placebo

+, +, +, +, +, +

 Garite 2009 (USA)60 •   Singleton or twin pregnancy between 2003 and 2008 
•  Gestational age 25-32+6 weeks at trial entry 
•   Received 1 complete course of ACS ≥14 days before 

enrolment and <30 weeks
•   Recurrent or continued risk of preterm birth within next 7 

days

1 repeat course betamethasone or 
dexamethasone v placebo

+, +, +, +, +, +

 Crowther 2006 (Australia and New 
Zealand)56

•  Single, twin, or triplet pregnancy between 1998 and 2004 
•  Gestational age <32 weeks at trial entry 
•   Received 1 complete course of ACS ≥7 days ago and 

remained at risk of preterm birth
•   No contraindication to further corticosteroids

Repeat dose betamethasone v placebo +, +, +, +, +, +

ACS=antenatal corticosteroids; PPROM=preterm premature rupture of membranes; RoB=risk of bias; WHO=World Health Organization.
*Cochrane RoB 2 used for randomised controlled trials: +=low risk of bias; −=high risk of bias; ?=some concerns about bias; D=bias due to deviations from intended interventions; Me=bias in 
measurement of outcome; Mi=bias due to missing outcome data; O=overall risk in bias; R=bias arising from randomisation process; S=bias in selection of reported results.
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table 3 | Key proportion, short term, outcomes, and long term outcomes in a systematic review and meta-analysis on term, late preterm, and term/late 
preterm births after early exposure to antenatal corticosteroids
Outcome by effect measure and size (95% ci) [absolute effect 
(95% ci)]* study design (no of studies)

acs group (no/ 
total no or total no)

unexposed group (no/
total no or total no)

graDe certainty  
of evidence

Proportion outcomes
Born at term:
 Proportion (%): 45 (44 to 46)† Population based cohort (n=1)49 6730/14 868 NA Very low
 Proportion (%): 37 (30 to 44)† Randomised controlled trials (n=2)54 57 1347/3418 NA Low
Born late preterm:
 Proportion (%): 33 (33 to 34)‡ Population based cohort (n=1)51 4456/13 357 NA Very low
 Proportion (%): 18 (17 to 20)† Randomised controlled trial (n=1)54 578/3178 NA High
Born at term/late preterm (combined):
 Proportion (%): 52 (NA)‡ Population based cohort (n=1)53 NS NA Very low
 Proportion (%): 58 (56 to 60)† Randomised controlled trial (n=1)54 1847/3178 NA High
NICU admission
Born at term:
 Adjusted odds ratio: 1.49 (1.19 to 1.86)§ Population based cohort (n=1)46 179/1459 247/3871 Very low
 Unadjusted relative risk: 1.69 (1.51 to 1.89)¶  
[36 more per 1000 (27 more to 47 more per 1000)]

Population based cohort (n=3)46 48 49 1204/13 612 61 156/1 162 410 Low

Born late preterm:
 Unadjusted relative risk: 2.25 (1.37 to 3.71)  
[234 more per 1000 (69 more to 508 more per 1000)]

Population based cohort (n=2)51 52 3330/7145 36 926/197 088 Very low

Born at term/late preterm (35+0-37+6 weeks) (combined):
 Unadjusted relative risk: 1.50 (1.35 to 1.66)  
[140 more per 1000 (98 more to 185 more per 1000)]

Population based cohort (n=1)47 288/685 959/3425 Low

Born at term/late preterm (≥35 weeks) (combined):
 Unadjusted relative risk: 1.48 (1.35 to 1.64)  
[67 more per 1000 (49 more to 89 more per 1000)]

Population based cohort (n=1)47 419/2031 1411/10 155 Low

Neonatal death
Born late preterm:
 Adjusted odds ratio: 0.69 (0.47 to 1.01)** Population based cohort (n=1)51 29/4456 602/174 109 Very low for both 

results Unadjusted relative risk: 1.88 (1.30 to 2.73)  
[3 more per 1000 (1 more to 6 more per 1000)]
Intubation
Born at term:
 Unadjusted relative risk: 2.59 (1.39 to 4.81)¶  
[7 more per 1000 (2 more to 16 more per 1000)]

Population based cohort (n=1)47 15/1346 29/6730 Very low

Born at term/late preterm (35+0-37+6 weeks) (combined):
 Unadjusted relative risk: 2.02 (1.25 to 3.25)  
[17 more per 1000 (4 more to 37 more per 1000)]

Population based cohort (n=1)47 23/685 57/3425 Low

Born at term/late preterm (>35 weeks) (combined):
 Unadjusted relative risk: 2.21 (1.51 to 3.23)  
[10 more per 1000 (4 more to 19 more per 1000)]

Population based cohort (n=1)47 38/2031 86/10 155 Low

Head circumference at birth (cm)
Born at term:
 Adjusted mean difference: −0.21 (−0.29 to −0.13)†† Population based cohort (n=1)47 1279 182 046 Low
 Unadjusted mean difference: −0.25 (−0.31 to −0.19) Population based cohort (n=1)47 1730 236 117 Very low
Born at term/late preterm (35+0-37+6 weeks) (combined):
 Adjusted mean difference: -0.43 (−0.55 to −0.31)†† Population based cohort (n=1)47 647 14 070 Low
 Unadjusted mean difference: -0.47 (−0.59 to −0.35) Population based cohort (n=1)47 849 18 217 Low
Any long term mental or behavioural disorder
Born at term:
 Adjusted hazard ratio: 1.47 (1.36 to 1.60)‡‡ Population based cohort (n=1)44 598/6730 40 051/634 757 Low
Born late preterm:
 Adjusted hazard ratio: 1.12 (1.05 to 1.20)§§ Population based cohort (n=1)52 1156/2689 8581/22 979 Low
ACS=antenatal corticosteroids; NA=not applicable; NICU=neonatal intensive care unit; NS=not specified.
Bold font represents statistically significant harm in infants exposed to corticosteroids versus non-exposed.
*Absolute effects reported when feasible (ie, when absolute values in each group were available).
†Includes only singletons exposed to a single course or dose of ACS.
‡Includes singletons and multiples (eg, twins) exposed to a single course of ACS.
§Adjusted for maternal age, race, insurance status, diabetes mellitus, asthma, hypertensive disorder of pregnancy, and estimated gestational age at delivery.
¶Includes infants born post term (≥42 weeks of gestation).
**Adjusted for: maternal age, education, gravidity, race, singleton pregnancy, mode of delivery, infant sex, birth weight, NICU admission, surfactant administration, and assisted ventilation.
††Adjusted for maternal age, social economic status, cohabitation, height, pre-pregnancy weight, and pre-pregnancy body mass index; number of previous pregnancies, miscarriages, induced 
abortions, and ectopic pregnancies; medical risk factors (ovum donation, insemination, glucose test performed, pathological glucose test, insulin treatment); self-reported smoking; admission to 
hospital for high blood pressure; and infant sex.
‡‡Adjusted for maternal age, parity, mode of delivery, smoking during pregnancy, pre-pregnancy body mass index, premature rupture of membranes, (international statistical classification of 
diseases and related health problems, 10th revision code O42), gestational diabetes, hypertension in pregnancy, any lifetime mental disorder diagnosis, child sex, Apgar score, admission to 
NICU, birth weight, and gestational age at birth.
§§Suspected neurocognitive disorder; adjusted for maternal age, gestational age at birth, parity, income, chronic hypertension, pregestational diabetes, hypertensive complications, gestational 
diabetes, preterm premature rupture of membranes, induction of labour, mode of delivery, infant sex, birth weight <10th percentile, five minute Apgar score <7, resuscitation at birth, and 
admission to NICU.
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with pregnant patients during which the benefits 
and potential harms of antenatal corticosteroids are 
commonly discussed. The experiences from these 
interactions have been taken into account during the 
planning, conduct, and reporting of this systematic 
review. In addition, the study was not funded, limiting 
our ability to adequately reimburse pregnant patients 
for their input.

results
Of 14 799 records (excluding 5984 duplicates) 
identified, we assessed 8815 titles and abstracts and 
713 full text articles. Seven 17 studies met the inclusion 
criteria: 10 population based studies with >1 663 450 
children and seven randomised controlled trials with 
4315 children (fig 1, table 1, and table 2).44-60 The 
reviewers were in agreement on 98% of the included 
and excluded articles. All the population based studies 
and all except two of the randomised controlled trials 
were from high income countries (Australia, Canada, 
Finland, France, New Zealand, and the US),44-60 one 
randomised controlled trial was from a middle income 
country (Iran),57 and one international randomised 
controlled trial was from low and middle income 
countries (Bangladesh, India, Kenya, Nigeria, and 
Pakistan).55

Most of the study outcomes were at a low risk of 
bias but had low or very low levels of certainty based 
on GRADE. Ratings (star system) on the modified 
Newcastle-Ottawa scale ranged from 6 or 7 out of 13 
for proportion outcomes, 6-10 out of 12 for short term 
outcomes, and 7-10 out of 13 for long term outcomes 
(see supplementary eTable 1 and eAppendix 4). Five of 
the randomised controlled trials were rated as low risk 
of bias for all included proportion outcomes,54-56 59 60 
whereas two had concerns about selective reporting of 
results (table 2).57 58

Outcomes for infants born at term
In the population based studies, 45% of infants 
with early exposure to antenatal corticosteroids 
were born at term (95% confidence interval 44% to 
46%, one study, including only singletons, 14 868 
infants, very low certainty) (table 3 and fig 2).44 In 
the randomised controlled trials, 37% of singletons 
with early exposure to antenatal corticosteroids were 
born at term (30% to 44%, two randomised controlled 
trials with a single course of antenatal corticosteroids, 
3418 infants, I2=81%, τ2=0.002, low certainty) (table 
3 and fig 2).54  57 Studies including only singletons 
had higher rates of term births than studies including 
twins or triplets; the last two populations have high 
rates of prematurity. In randomised controlled trials 
that considered repeat courses of early antenatal 
corticosteroids, the proportion of infants born at 
term was lower: 10% (8% to 12%, one randomised 
controlled trial including singletons, twins, and 
triplets or more with birth expected in <48 hours, 
1417 infants, moderate certainty)55; and 19% (16% 
to 23%, one randomised controlled trial including 
multiple repeat doses of antenatal corticosteroids 

for singletons, twins, or triplets at continued risk of 
preterm birth ≥7 days after the last dose, 567 infants, 
moderate certainty), fig 2).56

Early exposure to antenatal corticosteroids in 
infants born at term was associated with some adverse 
adjusted secondary short term outcomes in population 
based studies, including admission to a neonatal 
intensive care unit (adjusted odds ratio 1.49, 95% 
confidence interval 1.19 to 1.86, one study, 5330 
infants, very low certainty, table 3),46 being small for 
gestational age (1.78, 1.48 to 2.14, one study, 5330 
infants, low certainty, see supplementary eFigure 
1),46 and reduced anthropometric measurements at 
birth (eg, reduced head circumference, adjusted mean 
difference −0.21 cm, 95% confidence interval −0.29 to 
−0.13 cm, one study, 183 325 infants, low certainty, 
table 3 and fig 1, also see supplementary eFigure 
1).47 Table 3 highlights some key outcomes that were 
determined to be important based on clinical expertise 
of the team, which involved maternal-fetal medicine 
(high risk obstetrics) and neonatology. Most other 
short term outcomes were either non-significant or 
unadjusted but significant, such as admission to the 
neonatal intensive care unit (unadjusted relative risk 
1.69, 95% confidence interval 1.51 to 1.89, absolute 
effect 36 more per 1000 (95% confidence interval 27 
more to 47 more per 1000), three studies, 1 176 022 
infants, I2=58%, τ2=0.01, low certainty, table 3),46 48 49 
intubation (1.77, 0.82 to 3.78, absolute effect 4 more 
per 1000 (1 fewer to 15 more per 1000), two studies, 
13 406 infants, I2=65%, τ2=0.20, very low certainty, 
table 3),46 47 hypoglycaemia requiring treatment (2.12, 
1.63 to 2.76, absolute effect 35 more per 1000 (20 
more to 55 more per 1000), one study, 5330 infants, 
low certainty, see supplementary eFigure 1),46 and 
antibiotic treatment (1.48, 1.16 to 1.90, absolute 
effect 18 more per 1000 (6 more to 34 more per 
1000), one study, 8076 infants, very low certainty, see 
supplementary eFigure 1).47 In a sensitivity analysis 
(ie, keeping studies that included all births in an area), 
in infants born at term after early exposure to antenatal 
corticosteroids, the risk of intubation was increased 
(2.59, 1.39 to 4.81, absolute effect 7 more per 1000 (2 
more to 16 more per 1000), one study, 8076 infants, 
very low certainty, see supplementary eFigure 2).47 
Prespecified subgroup analyses did not explain 
heterogeneity (supplementary eFigure 2). Randomised 
controlled trial’s lacked data on short term outcomes 
stratified for term birth.

From term born infants, exposure to early antenatal 
corticosteroids versus non-exposure was associated 
with adverse long term outcomes in four population 
based studies (1 174 248 infants, supplementary 
eFigure 1),44 48-50 including 19 out of 26 adjusted long 
term outcomes44 48-50 (eg, significantly increased risk 
of any mental or behavioural disorder in children born 
at term, adjusted hazard ratio 1.47, 95% confidence 
interval 1.36 to 1.60, one study, 641 487 children, 
low certainty, table 3, supplementary eFigure 1).44 
Regarding other long term outcomes for children born 
at term in the population based studies, data were 
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unadjusted (very low certainty, supplementary eFigure 
1), or for the randomised controlled trials were lacking.

Outcomes for infants born late preterm
About one in three infants exposed to early antenatal 
corticosteroids was born late preterm between 34 and 
36 weeks (33% (95% confidence interval 33% to 34%, 
one population based study of singletons or multiples 
(eg, twins), 13 357 infants, very low certainty), table 3, 
fig 2).51 In the randomised controlled trial data, 18% 

of infants exposed to early antenatal corticosteroids 
were born late preterm (95% confidence interval 17% 
to 20%, one randomised controlled trial of a single 
course versus a single dose of antenatal corticosteroids 
in singletons alone, 3178 infants, high certainty, table 
3, fig 2).54 In the randomised controlled trial data of 
repeat antenatal corticosteroids, the proportion of 
infants born late preterm varied between 7% (95% 
confidence interval 4% to 12%, one randomised 
controlled trial of a single repeat dose of antenatal 

Population based cohort studies*

  Term births (primary outcome)

    Born ≥37 weeks

      Raikkonen 202052

  Late preterm births (secondary outcome)

    Born between 34-36 weeks

      Malloy 201248

  Term or late preterm births combined (secondary outcome)

    Born ≥35 weeks

      Razaz  201553

Randomised controlled trials

  Term births (primary outcome)

    One course or one dose of ACS†

      Schmitz 202257

      Danesh 201259

             Total (95% CI)

        Heterogeneity: τ2=0.0024; χ2=5.26, df=1, P=0.02; I2=81%

One course of ACS with one potential repeat course v placebo‡     

      ACTION-I 202060

    Multiple repeat doses of ACS v one course§

      Crowther 200655

  Late preterm births (secondary outcome)

    One course of ACS v one dose of ACS†

      Schmitz 202257

    One repeat dose of ACS v one course¶

      Peltoniemi 200758

    Multiple repeat doses of ACS v one course§

      Crowther 200655

  Term or late preterm births combined (secondary outcome)

    One course of ACS v one dose†

      Schmitz 202257

    A repeat course of ACS v one course**

      Garite 200956

      McEvoy 201054

             Total (95% CI)

        Heterogeneity: τ2=0.00216; χ2=9.17, df=1, P<0.01; I2=89%

    Multiple repeat doses of ACS v one course§

      Crowther 200655

0.45 (0.44 to 0.46)

0.33 (0.33 to 0.34)

0.52 (NA)

0.40 (0.38 to 0.42)

0.32 (0.27 to 0.39)

0.37 (0.30 to 0.44)

0.10 ( 0.08 to 0.12)

0.19 (0.16 to 0.23)

0.18 (0.17 to 0.20)

0.07 (0.04 to 0.12)

0.17 (0.14 to 0.20)

0.58 (0.56 to 0.60)

0.42 (0.36 to 0.48)

0.21 (0.12 to 0.34)

0.32 (0.14 to 0.54)

0.36 (0.32 to 0.40)

0 0.2 0.4 0.6 0.8

Proportion Proportion
(95% CI)

Proportion
(95% CI)

Singletons

Singletons and multiples

Singletons and multiples

Singletons

Singletons

Singletons and multiples (birth due ≤48h)

Singletons and multiples

Singletons

Singletons and multiples (birth due 4-48h)

Singletons and multiples

Singletons

Singletons and twins

Singletons and twins

Singletons and multiples

Inclusion
criteria

14 868

13 357

NS

3178

240

3418

1417

567

3178

159

567

3178

289

56

345

567

Total

6730

4456

NS

1269

78

1347

141

109

578

11

96

1847

122

12

134

205

Events

fig 2 | Proportions of infants born at term, late preterm, or term/late preterm combined from population based cohort studies and randomised 
controlled trials. *likely exposed to a single course of acs without acs administered late preterm. †Proportion born after a single course or 
single dose of acs. ‡Proportion born after a single course of acs with one potential repeat course. §Proportion born after multiple repeat doses 
of acs. ¶Proportion born after a single additional dose of acs. **Proportion born after a repeat course of acs. acs=antenatal corticosteroids; 
ci=confidence interval; df=degrees of freedom; iv=inverse variance; multiples=twins, triplets, or higher order; na=not applicable; ns=not specified
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corticosteroids in singletons, twins, or triplets 
expected to be born in <48 hours, 159 infants, low 
certainty),58 and 17% (14% to 20%, one randomised 
controlled trial of multiple repeat doses of antenatal 
corticosteroids in singletons, twins, or triplets, 567 
infants, moderate certainty), fig 2).56

After early exposure to antenatal corticosteroids 
and late preterm birth, there was a trend towards 
a reduction in neonatal death (adjusted odds ratio 
0.69, 95% confidence interval 0.47 to 1.01, one 
study, 178 565 infants, very low certainty, table 3, 
supplementary eFigure 3).51 Conversely, the same 
study also showed an increased risk of admission to the 
neonatal intensive care unit51 (unadjusted relative risk 
2.25, 95% confidence interval 1.37 to 3.71, absolute 
effect 234 more per 1000, 95% confidence interval 
from 69 more to 508 more per 1000, two studies, 
204 233 infants, I2=100%, τ2=0.13, very low certainty, 
table 3, supplementary eFigure 4; no adjusted data 
available).51 52

For children born late preterm (34-36 weeks), early 
exposure to antenatal corticosteroids was associated 
with adverse long term outcomes (neurocognitive 
disorders, adjusted hazard ratio 1.12, 95% confidence 
interval 1.05 to 1.20, 25 668 children, low certainty, 
as well as visual or audiometry testing, table 3, 
supplementary eFigure 3).52

Outcomes for infants born at term/late preterm 
(combined)
More than half of infants with early exposure to 
antenatal corticosteroids were born at term/late 
preterm (≥35 weeks) combined (52%, one population 
based study of singletons, twins, or triplets, very low 
certainty, table 3, fig 2)53; similarly, in the randomised 
controlled trial data, 58% of singletons were born at 
term/late preterm combined (95% confidence interval 
56% to 60%, one randomised controlled trial of a single 
course versus single dose of antenatal corticosteroids, 
3178 infants, high certainty, table 3, fig 2).54 In the 
randomised controlled trial data of repeat courses of 
antenatal corticosteroids versus one course, one third 
of singletons and twins were born at term/late preterm 
combined (32%, 95% confidence interval 14% to 
54%, two randomised controlled trials of a single 
repeat course, 345 infants, I2=89%, τ2=0.02, very 
low certainty59 60; 36%, 32% to 40%, one randomised 
controlled trial of multiple repeat doses, 567 infants, 
moderate certainty, fig 2).56

For infants born 35-37 weeks+6 days, one 
population based study found some adverse adjusted 
short term outcomes associated with early exposure 
to antenatal corticosteroids versus non-exposure 
(including reduced head circumference, adjusted mean 
difference −0.43 cm, 95% confidence interval −0.55 
to −0.31 cm, one study, 14 717 infants, low certainty, 
table 3, supplementary eFigure 5).47 For infants born 
at term/late preterm (≥35 weeks) combined, the risk of 
admission to a neonatal intensive care unit increased 
significantly (unadjusted relative risk 1.48, 95% 
confidence interval 1.35 to 1.64, absolute effect 67 

more per 1000, 95% confidence interval from 49 more 
to 89 more per 1000, one study, 12 186 infants, low 
certainty, table 3, supplementary eFigure 5).47 The 
findings for other adverse short term outcomes were 
either non-significant or unadjusted but significant, of 
which some are important (eg, ≥35 weeks: intubation, 
unadjusted relative risk 2.21, 95% confidence interval 
1.51 to 3.23, absolute effect 10 more per 1000, 95% 
confidence interval from 4 more to 19 more per 1000, 
one study, 12 186 infants, low certainty, table 347; 
blood transfusion, 5.00, 1.76 to 14.24, absolute effect 
3 more per 1000, 95% confidence interval from 1 
more to 9 more per 1000, one study, 12 186 infants, 
low certainty47; and antibiotic treatment, 1.70, 1.47 to 
1.98, absolute effect 43 more per 1000, 95% confidence 
interval from 29 more to 60 more per 1000, one study, 
12 186 infants, low certainty47; supplementary eFigure 
5). None of the randomised controlled trials had data 
on short term or long term outcomes stratified for birth 
at term/late preterm combined. In subgroup analysis 
by infant sex, both male and female infants exposed 
to early antenatal corticosteroids versus non-exposure 
and born at term/late preterm combined (35-37 
weeks+6 days) showed lower five minute Apgar scores 
and an increased risk of hospital admission beyond 
the first seven days of life (one population based study, 
supplementary eFigure 6).47

Outcomes in pregnant people
No studies reported on prespecified outcomes in 
pregnant people.

discussion
In our systematic review, we found that approximately 
40% of infants with early exposure to antenatal 
corticosteroids were born at term (low/very low 
certainty), with increased risks of neonatal intensive 
care admission, intubation, hypoglycaemia requiring 
treatment, smaller head circumference, and adverse 
long term neurodevelopmental outcomes (low/very 
low certainty). Similar outcomes were noted for the 
more than half of infants with early exposure to 
antenatal corticosteroids who were born at term/late 
preterm combined. For infants born very prematurely, 
antenatal steroids save potentially lives and severe 
morbidity but as pregnancy progresses to term, the 
benefits shift to risks. Furthermore, no studies reported 
on prespecified outcomes in pregnant people.

Meaning of the study
We explored biologically plausible outcomes, as the 
current dosing of antenatal corticosteroids leads to 
high levels that are undesirable owing to potential 
toxicity.11 Glucocorticoids can affect up to 20% of 
the transcriptome, influencing fetal development and 
programming.61 Infants born at term or late preterm, in 
addition to having received antenatal corticosteroids, 
are exposed to a surge of endogenous steroids.62 In line 
with our finding of increased admission to neonatal 
intensive care, the 2006 Cochrane systematic review 
noted that infants randomly allocated to early antenatal 
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corticosteroids but who were born after 36 weeks had 
a relative risk of death of 3.25 compared with those 
allocated to placebo (95% confidence interval 0.99 to 
10.66, two studies, 498 infants,63 these data have not 
been updated in subsequent Cochrane reviews). The 
ALPS randomised controlled trial, examining steroids 
administered between 34 and 36 gestational weeks (ie, 
a later gestational window than the trials in the 2006 
Cochrane), found no differences in neonatal death (2 
infants (0.1%) in the betamethasone group versus 0 
infants in the placebo group: P=0.50).34 Infants with 
early exposure to antenatal corticosteroids and born 
at term had reduced anthropometric measurements 
at birth (eg, reduced head circumference); antenatal 
corticosteroids inhibit insulin-like growth factors 
and placental lactogen, which are essential for fetal 
growth.64 Head circumference is a surrogate measure 
of fetal brain growth65 and brain volume66; smaller 
head circumferences even within the normal range 
are associated with an increased risk of intellectual 
disability.65 Alterations of the hypothalamic-pituitary-
adrenal axis, which can occur with exposure to 
steroids,67 regulates stress response and are associated 
with neurodevelopmental impairment,68 69 which we 
described in this systematic review. Metabolically, 
exposure to antenatal steroids increases glucose 
concentrations and resultant insulin concentrations, 
thereby increasing the risk of hypoglycaemia. 
Antenatal corticosteroids may directly result in long 
term adversity (as indicated by animal studies and by 
biological effects in humans, such as alteration to the 
hypothalamic-pituitary-adrenal axis); be a marker for 
disease severity (eg, mothers with pre-eclampsia who 
received early antenatal corticosteroids are more ill 
than those who give birth after the gestational window 
of antenatal corticosteroids use); or both.

The high proportions of infants born at term or late 
preterm after early exposure to antenatal corticosteroids 
underscores both the challenges in predicting preterm 
birth and the tradition of administering antenatal 
corticosteroids relatively “liberally.”15 Tracking the 
proportion of infants born at term after early antenatal 
corticosteroids can assist to “discourage clinicians 
from overusing antenatal corticosteroids.”15 In line 
with a less liberal approach to the use of antenatal 
corticosteroids is the fact that researchers in the 
disciplines of obstetrics and paediatrics are studying 
whether short term benefits can be maintained with 
lower doses of steroids.54 70

We explored factors affecting the proportions 
of infants born at term or late preterm after early 
exposure to antenatal corticosteroids. Compared with 
the randomised controlled trials of a single course of 
antenatal corticosteroids, the lower proportions of 
births at term, late preterm, or at term/late preterm 
combined in the randomised controlled trials of repeat 
steroids are not a sign of better timing because by 
definition the initial course was inopportune. Secondly, 
as >50% of twins are born preterm71 72 and 95% of 
triplets are born preterm,73 as expected the studies 
that included twins or triplets had lower proportions 

of births at term or late preterm than studies including 
only singletons. Finally, the two randomised controlled 
trials with noticeably lower rates of mistimed antenatal 
corticosteroids (10% of births at term55 and 7% late 
preterm)58 than the 40% seen in many studies had 
much more stringent inclusion criteria of “imminent” 
preterm birth within 48 hours, not reflective of most 
current clinical practice guidelines.

strengths and weaknesses of this review
Our study has several strengths. We conducted a 
comprehensive search of eight databases, without 
language restrictions, to understand a clinically 
important matter of birth at term after the use of 
early antenatal corticosteroids.15 We emphasised 
population based studies as they reflect generalisable, 
real world data that best address the proportion 
of births at term after exposure to early antenatal 
corticosteroids, and this study design has lower risks 
for selection bias than other observational study 
designs.37 Although randomised controlled trial data 
can include more selected samples in specific settings, 
both population based and randomised controlled 
trial data yielded generally consistent results for 
infants born at term after exposure to early antenatal 
corticosteroids (∼40%) and infants born at term/late 
preterm combined (>50%). To decrease the impact of 
potential confounding in the non-randomised data, 
we concentrated on adjusted analyses. One included 
large population based cohort explored a robust 
way to deal with potential confounders by analysing 
consecutive sibling pairs (those who received antenatal 
corticosteroids and those who did not) and still found 
significant increases in adverse neurodevelopmental 
outcomes.44 Three included population based studies 
used a different robust method to address potential 
confounding by limiting the study population (both 
in those exposed to antenatal corticosteroids and in 
those not exposed) to pregnancies at risk of preterm 
labour, and still found an association between early 
exposure to antenatal corticosteroids and outcomes 
such as small for gestational age,46 birth length <5th 
percentile,45 and childhood weight <10th percentile.50

Limitations of our study include that compared with 
randomised controlled trials, population based studies 
are prone to bias and may have lower certainty evidence. 
However, gestational age at birth in randomised 
controlled trials would be a post-randomisation 
variable and thus would require considerable caution. 
For this reason it is possible that short term or long 
term outcomes from randomised controlled trials were 
not reported specifically for children born at term or 
late preterm. Thus, observational data from population 
based studies were required, and residual confounding 
cannot be ruled out. However, animal studies that have 
little or no confounding suggest potential toxicity with 
antenatal corticosteroids at similar doses to those 
used clinically in humans and have found many of the 
same impacts now beginning to be explored in human 
data.11 Our planned subgroup analyses of prespecified 
outcomes by type of steroid and infant sex could not be 
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conducted owing to lack of data, and these are areas 
for future research.

relation to other published reviews on the topic
A previous scoping review in which the literature 
review ended in November 2021, reported reduced 
anthropometric measurements and neurodevelopmental 
harm for infants born at term.74 Our current synthesis 
of long term outcomes includes additional studies49 50 
and updates our previous systematic review and meta-
analysis, the literature review for which ended in 
October 2021.75 Unlike the previous study, however, 
this current study focused on the proportions of infants 
born at term (or late preterm) after early exposure to 
antenatal corticosteroids and also included short term 
outcomes in the infants. Although the interval from 
administration of antenatal corticosteroids to delivery 
was outside the scope of our research question, a recent 
systematic review examining such intervals was unable 
to determine the optimal timing.76

unanswered questions and future research
Further research with long term follow-up in 
randomised controlled trials will be critical for term or 
late preterm infants, and in the meantime potentially 
for children outside of randomised controlled trials. 
One study involving teacher assessment of children 
aged 12 years of a parent who had been randomised 
to antenatal corticosteroids at term gestation, found 
a doubling of the risk of being in the lower quartile 
of academic ability compared with children whose 
parent received placebo (8.5% v 17.7%, P=0.03).77 
Hence, long term follow-up data after randomisation to 
early antenatal corticosteroids requires investigation 
as this is the time period when corticosteroids are 
most commonly administered.3 13 Owing to a lack of 
available data, we were unable to identify if specific 
clinical indications for antenatal corticosteroids 
are more likely to be associated with term births; an 
important area for future research.

conclusions
In this systematic review and meta-analysis we found 
that about 40% of infants exposed to early antenatal 
corticosteroids were born at term (low or very low 
certainty evidence) and showed increased risks of 
admission to neonatal intensive care, intubation, 
hypoglycaemia requiring treatment, reduced head 
circumference, and increased neurodevelopmental 
or cognitive outcomes (low or very low certainty 
evidence). To decrease the proportions of infants 
exposed to steroids who are born at term, better 
prediction tools for preterm birth and enhanced criteria 
for the administration of antenatal corticosteroids may 
be required, along with a less liberal approach to the 
use of antenatal corticosteroids.15
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