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ABSTRACT

Objective This study aimed to synthesise available
evidence on the efficacy of antenatal corticosteroid
(ACS) therapy among women at risk of imminent
preterm birth with pregestational/gestational diabetes,
chorioamnionitis or fetal growth restriction (FGR), or
planned caesarean section (CS) in the late preterm
period.

Methods A systematic search of MEDLINE, EMBASE,
CINAHL, Cochrane Library, Web of Science and Global
Index Medicus was conducted for all comparative
randomised or non-randomised interventional studies
in the four subpopulations on 6 June 2021. Risk of
Bias Assessment tool for Non-randomised Studies
and the Cochrane Risk of Bias tool were used to
assess the risk of bias. Grading of Recommendations
Assessment, Development and Evaluations tool
assessed the certainty of evidence.

Results Thirty-two studies involving 5018 pregnant
women and 10 819 neonates were included. Data

on women with diabetes were limited, and evidence
on women undergoing planned CS was inconclusive.
ACS use was associated with possibly reduced odds
of neonatal death (pooled OR: 0.51; 95% Cl: 0.31 to
0.85, low certainty), intraventricular haemorrhage
(pooled OR: 0.41; 95% Cl: 0.23 to 0.72, low certainty)
and respiratory distress syndrome (pooled OR: 0.59;
95% CI: 0.45 t0 0.77, low certainty) in women with
chorioamnionitis. Among women with FGR, the rates of
surfactant use (pooled OR: 0.38; 95% Cl: 0.23 to 0.62,
moderate certainty), mechanical ventilation (pooled OR:
0.42; 95% CI: 0.26 to 0.66, moderate certainty) and
oxygen therapy (pooled OR: 0.48; 95% Cl: 0.30 to 0.77,
moderate certainty) were probably reduced; however,
the rate of hypoglycaemia probably increased (pooled
OR: 2.06; 95% Cl: 1.27 to 3.32, moderate certainty).
Conclusions There is a paucity of evidence on ACS

for women who have diabetes. ACS therapy may have
benefits in women with chorioamnionitis and is probably
beneficial in FGR. There is limited direct trial evidence on
ACS efficacy in women undergoing planned CS in the late
preterm period, though the totality of evidence suggests it
is probably beneficial.

PROSPERO registration number CRD42021267816.

2 Erika Ota
Toshiyuki Swa,4 Jenny Ramson,® Tina Lavin,6 Jenny Cao,’ Joshua Peter Vogel

23 Fumihiko Namba @ .’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This review included a broad search strategy.

= This review applied rigorous quality assessment
and Grading of Recommendations Assessment,
Development and Evaluation methodology.

= Most included studies were observational studies.

= Definitional differences between populations and
outcomes complicated the meta-analysis.

= Most studies were conducted in high-income
countries.

INTRODUCTION

Previous studies have demonstrated that ante-
natal corticosteroids (ACS), such as intramus-
cular dexamethasone or betamethasone,
cross the placenta and can induce fetal lung
maturation." When administered to women
at risk of imminent preterm birth before 34
weeks’ gestation, the risk of perinatal death,
neonatal death and respiratory distress
syndrome (RDS) is significantly reduced.”
ACS therapy also probably decreases the
risk of intraventricular haemorrhage (IVH)
and reduces the rate of developmental
delay in childhood.” Therefore, the WHO
and several obstetric and gynaecological
societies internationally recommend ACS
therapy in women before or up to 34 weeks’
gestation for improving preterm newborns’
outcomes.”® Some national organisations
have recommended ACS use in women at
risk of preterm birth up to 36 weeks’ gesta-
tion based on evidence of the existence of
possible respiratory-related benefits for the
newborn.””

However, current evidence regarding
the benefits and possible harms of ACS use
in subpopulations of women with specific
complications of pregnancy, such as women
with diabetes, chorioamnionitis or fetal
growth restriction (FGR), is controversial.
Women with diabetes, chorioamnionitis
or FGR are at a higher risk of adverse peri-
natal outcomes; however, they are generally
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excluded from ACS efficacy trials.” Consequently, any
subgroup analysis to explore the effects of ACS on women
with these complications is unlikely to yield concrete
evidence from which conclusions can be drawn.

While pregnant women with diabetes are at a higher
risk of spontaneous preterm birth and may require ACS,
glucocorticoids have hyperglycaemic effects and respira-
tory morbidities that affect preterm infants may be exacer-
bated in the setting of poor maternal glycaemic control.”®
Chorioamnionitis is estimated to affect 3.9% of women
giving birth, causing 22.6-36.9% of stillbirths.”"! Chorio-
amnionitis treatment involves antibiotics and prompt
delivery of the fetus; typically, ACS therapy is avoided
due to concerns that its immunosuppressive effects may
worsen outcomes for women and their babies. However,
the relative benefits and harms of using ACS in clinical
settings are unclear. FGR is associated with an increased
risk of morbidity and mortality."*"® Small-for-gestational
age (SGA) status does not accurately represent FGR as
SGA neonates are constitutionally, rather than patholog-
ically, small.'® In most cases, FGR fetuses are delivered
as SGA neonates.'” In this study, we targeted pregnant
women with both FGR fetuses and SGA neonates.

Another clinical scenario where there is uncertainty
around ACS efficacy is women undergoing elective
caesarean section (CS) in the late preterm period (ie, 34
to <37 weeks’ gestation). Babies born in the late preterm
period have lower risks of mortality and morbidity than
those born before 34 weeks’ gestation; however, they
have higher risks of adverse outcomes than those born at
term."™* In many countries, the rising rate of provider-
initiated late preterm birth has been linked to the gener-
alised increase in the CS rate.”” Regardless of gestational
age, babies born via elective CS do not have the usual
physical and hormonal stimuli of passage through the
birth canal; thus, they tend to have higher rates of respi-
ratory morbidity.*** Some studies have suggested that
the risk of neonatal hypoglycaemia is greater following
CS; however, this may be confounded by the underlying
indication for CS.*

In 2016, members of our team published a systematic
review assessing the effectiveness of ACS therapy in these
four clinical situations.?” No direct evidence of the effects
of ACS therapy on pregnant women with diabetes who
were at risk of preterm birth or for those undergoing elec-
tive CS in the late preterm period was found. The review
could not draw firm conclusions regarding the effects of
ACS on women with growth-restricted fetuses, although
low-quality evidence suggested that ACS reduced neonatal
IVH in women with chorioamnionitis.”” The review’s find-
ings informed® WHO 2015 ACS recommendations.”
Now, WHO’s ACS recommendations are being updated
as part of the WHO’s living guidelines in maternal and
perinatal health.* Our aim is to update the 2016 system-
atic review and provide a contemporary evidence base for
researchers, clinicians and maternal and newborn health
stakeholders on safe, effective clinical management in
preterm birth.

Box 1 Four Participant, Intervention, Comparison and

Outcome questions for a systematic review

P1: Effects of antenatal corticosteroids (ACS) on women with pre-
gestational and/or gestational diabetes

P: Women at risk of imminent preterm birth less than 37 weeks with
pregestational diabetes mellitus and/or gestational diabetes mellitus.

I: ACS administration.

C: Placebo or no treatment.

0: WHO priority outcomes for preterm birth.

P2: Effects of ACS therapy on women undergoing elective caesar-
ean section (CS) during the late preterm period

P:Women undergoing elective CS in the late preterm period between 34
weeks and 0 days and 36 weeks and 6 days.

I: ACS administration.

C: Placebo or no treatment.

0: WHO priority outcomes for preterm birth.

P3: Effects of ACS therapy on women with chorioamnionitis

P: Women at risk of imminent preterm birth less than 37 weeks with
chorioamnionitis.

I: ACS administration.

C: Placebo or no treatment.

0: WHO priority outcomes for preterm birth.

P4: Effects of ACS therapy on women with growth-restricted fetus-
es and/or small-for-gestational-age infants

P: Women at risk of imminent preterm birth less than 37 weeks with
growth-restricted fetuses and/or small-for-gestational-age infants.

I: ACS administration.

C: Placebo or no treatment.

0: WHO priority outcomes for preterm birth.

METHODS

The specific review objectives are presented in box 1,
comprising fourrelated questions on ACS benefits and
harms in (1) women with pregestational diabetes mellitus
and/or gestational diabetes mellitus; (2) women under-
going elective CS in the late preterm period; (3) women
with chorioamnionitis; and (4) women with FGR fetuses
and/or SGA infants. Diagnostic criteria used to define
clinical and histological chorioamnionitis are explained
in online supplemental table 1. SGA infants are all
neonates with birth weights below the 10th percentile.
In this study, FGR fetuses were defined using the opera-
tional definition used in eligible studies (online supple-
mental table 1). The review protocol was registered on
PROSPERO and reported per the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses checklist
(online supplemental file 1), (online supplemental table

2).3()

Study eligibility criteria

Eligible studies were randomised or non-randomised
primary studies that reported on the effects of ACS
therapy in the four subpopulations. This included
published, unpublished and ongoing randomised
or quasi-randomised controlled trials, controlled
before-after studies, interrupted-time-series studies,
historically controlled studies, cohort studies and cross-
sectional studies comparing any ACS (betamethasone,
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dexamethasone or hydrocortisone) administered either
parentally or enterally with placebo or no treatment.
Study populations of interest were women at risk of
imminent preterm birth or provider-initiated preterm
birth and where the study population fulfilled one or
more of the following conditions: women with pregesta-
tional and/or gestational diabetes, women undergoing
elective CS in the late preterm period, women with
chorioamnionitis and women with FGR fetuses or SGA
infants.

Articles in any language and from any country were
eligible for inclusion if they reported on one or more
of WHO’s priority outcomes for preterm birth guide-
line development.” Maternal outcomes were death,
maternal morbidity and therapy side effects. Newborn
and child outcomes of interest were perinatal mortality,
fetal mortality, neonatal mortality, neonatal morbidity,
neurodevelopment, anthropometric status and therapy
side effects (online supplemental table 3).

Data sources and search strategy

An information specialist was consulted for the devel-
opment of the search strategy. A systematic search of
MEDLINE, EMBASE, CINAHL, Cochrane Library, Web of
Science and Global Index Medicus was conducted with no
date restrictions on 6 June 2021. Controlled vocabularies
supplemented with free keywords were used to search for
the relevant concept areas, with duplicates removed in
the process to yield a total number of abstracts for each
database (online supplemental table 4). Reference lists
of the included articles, including any recent systematic
reviews, were also hand-searched for further potentially
relevant studies. All citations were imported into a Rayyan
(http://rayyan.qcri.org) library for eligibility assessment.

Study selection, data extraction and quality assessment

Two reviewers (KS and EN) independently assessed
the titles and abstracts of identified citations for eligi-
bility. Any disagreement resulted in automatic inclu-
sion into the next level of screening. Subsequently,
full-text publications of potentially eligible studies were
obtained and assessed in duplicate by two reviewers
working independently, with disagreements resolved
through discussions or by consulting a third reviewer.
The two reviewers also independently extracted base-
line and outcome data and assessed the quality, with
these data compared and any discrepancies resolved
through discussions or by consulting a third reviewer.
Extracted data were entered into the Review Manager
V.5.4 software (RevMan 5; The Cochrane Collaboration,
Oxford, UK). For study quality, observational studies
were assessed using the Risk of Bias Assessment tool for
Non-randomised Studies.”’ We used the Cochrane Risk
of Bias tool for randomised trials.”* Potential publica-
tion bias was inspected visually using funnel plots for
asymmetry in situations where data for a single outcome
were available from at least 10 studies.

Data synthesis and analysis

Aggregate ORs and relative risks with 95% Cls were deter-
mined for dichotomous data using the random-eftects
model. Crude data were used when the numbers of events
were available and crude OR were employed when events
were not available. We integrated crude ORs to mitigate
confounding bias associated with varying covariates, as
using adjusted ORs would introduce potential bias. This
approach follows the methodology outlined in Yoneoka et
al”®** For continuous data, mean differences (MDs) with
95% CIs were used. Statistical heterogeneity was deter-
mined for each meta-analysis using I* and y* statistics.
Heterogeneity was deemed substantial if I* was greater
than 60% or p<0.05 in the y” test for heterogeneity. For the
analysis of women with FGR fetuses and/or SGA babies,
we reported results for three subpopulations (SGA only,
FGR only and SGA or FGR). Data from the three popu-
lations were combined, and pooled ORs were calculated
if the heterogeneity for that outcome was less than 60%.
Based on the evaluation of the risk of bias, we calculated
the pooled ORs, which excluded studies at high risk of
bias. All statistical analyses were performed using RevMan
5. The threshold for statistical significance was set at an
alpha level of 0.05 for all analyses. Evidence profiles were
prepared for each research question using GRADEpro
(https://gradepro.org/). Grading of Recommendations
Assessment, Development and Evaluation (GRADE), an
approach for grading the certainty of evidence in system-
atic reviews and clinical practice guidelines, was used in
this review.

Patients and public involvement

Since this is a systematic review of previously published
data, there was no direct involvement of patients or the
public.

RESULTS

Associations of ACS therapy on women with pregestational
and/or gestational diabetes mellitus

The search identified 179 citations: 11 potentially eligible
studies were evaluated, and 3 studies met the eligibility
criteria, providing data on 725 pregnant women and 830
neonates (online supplemental file 2).%57 All studies
were conducted in high-income countries and data
collection was performed between 2008 and 2017 (online
supplemental table 1). One study involved women with
pregestational diabetes only, one study involved women
with gestational diabetes only and one study involved
women with either pregestational or gestational diabetes.
All included studies were judged as having a low risk
of bias across all domains except high risk of bias at
confounding variables (online supplemental file 3),
(online supplemental table 5). Data were available for six
outcomes (table 1). One retrospective cohort study found
that in women with gestational diabetes, the likelihood of
neonatal intensive care unit (NICU) admission is possibly
increased (one study, 162 infants; OR: 7.41; 95% CI: 5.04
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Table 1 Maternal and neonatal outcomes for women with pregestational and/or gestational diabetes mellitus

Neonatal No of No of the patients Effect

outcomes studies ACS Non-ACS OR (95% Cl) Absolute (95% CI) Certainty
Caesarean section 2 31/65 (47.7%) 58/150 (38.7%) 1.75 (0.68 to 4.82) 138 more per 1000 (from Very low

Neonatal death 1
within 48 hours of

6/536 (1.1%) 2/79 (2.5%)

birth
RDS 2 179/583 (30.7%) 37/198 (19.2%)
Neonatal 2 14/65 (21.5%) 66/150 (44.0%)

hypoglycaemia

Apgar score <7 at 1
5min

1/47 (2.1%)

Admission to 1
NICU

19/47 (40.4%)

21/114 (18.4%)

36/114 (31.6%)

102 fewer to 366 more)

14 fewer per 1000 (from 23 Very low
fewer to 29 more)

0.44 (0.09 to 2.20)

2.79 (0.85 to 9.08) 207 more per 1000 (from 24 Very low

fewer to 4 91 more)

1.44 (0.70 to 2.97) 91 more per 1000 (from 85 Very low

fewer to 260 more)

0.79 (0.10 to 5.89) 33 fewer per 1000 (from

162 fewer to 387 more)

458 more per 1000 (from Low
384 more to 518 more)

Very | ow

7.41 (5.04 to 10.89)

ACS, antenatal corticosteroid; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.

to 10.89, low-certainty evidence); however, the effect of ACS
therapy on neonatal hypoglycaemia was uncertain (two
studies, 215 infants; pooled OR: 1.44; 95% CI: 0.70 to 2.97,
very-low-certainty evidence).” The certainty of evidence was
also very low for other outcomes; hence, no meaningful
conclusions could be drawn.

Associations of ACS therapy on women undergoing elective
CS in the late preterm period

The search identified 211 citations: 17 potentially eligible
studies were evaluated, and 3 studies were included
(online supplemental file 2).”%* These were two obser-
vational studies and a randomised controlled trial (RCT).
All studies were conducted in high-income countries
between 2010 and 2017, providing data on 205 pregnant
women/neonates (online supplemental table 1). The two
observational studies were judged as having a high risk of
bias for confounding variables (online supplemental file
3), (online supplemental table 5). Data on 11 outcomes
were available but all had very low certainty; so, no mean-
ingful conclusions could be drawn (table 2).

Associations of ACS therapy on women with chorioamnionitis
(histological or clinical)

The search identified 418 citations: 12 potentially eligible
studies were evaluated, and 8 were found to be eligible
(online supplemental file 2).""™** Two were prospective
cohort studies and six were retrospective, providing data
on 1372 pregnant women and 1460 neonates (online
supplemental table 1). Four studies included pregnant
women with clinical chorioamnionitis, and there were
variations in the diagnostic criteria (online supplemental
table 1). All studies were conducted in high-income coun-
tries between 1989 and 2014. Additional unpublished
crude data from the four included studies were extracted
from a previous meta-analysis identified through the
search process.” *** All included studies were judged
as having a low risk of bias overall except high risk of bias

at confounding variables (online supplemental file 3),
(online supplemental table 5). Data for 27 outcomes were
available, with data reported separately for women with
histological chorioamnionitis and women with clinical
chorioamnionitis (table 3; online supplemental file 4).
Among women with histological chorioamnionitis, ACS
administration was associated with a possible reduction
in the odds of neonatal death (six studies, 1193 infants;
pooled OR: 0.51; 95% CI: 0.31 to 0.85, low-certainty
evidence), severe IVH (four studies, 528 infants; pooled
OR: 0.41; 95% CI: 0.19 to 0.87, low-certainty evidence),
IVH (five studies, 658 infants; pooled OR: 0.41; 95%
CI: 0.23 to 0.72, low-certainty evidence), RDS (six studies,
1193 infants; pooled OR: 0.59; 95% CI: 0.45 to 0.77, low-
certainty). ACS might result in no difference in neonatal
sepsis; however, the evidence was uncertain (six studies,
1193 infants: pooled OR: 1.03; 95% CI: 0.73 to 1.47, very-
low-certainty evidence). The certainty of evidence was very
low for other outcomes (online supplemental table 6).
In women with clinical chorioamnionitis, only very-low-
certainty evidence was available for neonatal sepsis (two
studies, 150 infants, pooled OR: 0.71; 95% CI: 0.13 to
3.89). The certainty of evidence was very low for all other
outcomes (online supplemental table 6).

Associations of ACS therapy on women with growth-restricted
fetuses and/or small-for-gestational-age infants

The search identified 261 citations: 36 potentially eligible
studies were assessed, and 18 studies were included
(online supplemental file 2).** *° Of these, 12 studies
included women with SGA infants only, 4 studies included
women with FGR or SGA infants and 2 studies included
women with FGR infants only (online supplemental table
1). Among the studies that included FGR fetuses, the defi-
nitions of FGR varied widely (online supplemental table
1). Since SGA status is insufficient to determine FGR, we
separately analysed the three populations: SGA, FGR and
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Table 2 Maternal and neonatal outcomes for women undergoing elective caesarean section in the late preterm period

No of No of the patients

Effect

studies ACS Non-ACS

OR (95% Cl) Absolute (95% CI) Certainty

Maternal outcomes

Hypertensive 1
disorders

3/58 (5.2%) 15/107 (14.0%)

Gestational 1
diabetes mellitus

3/30 (10.0%) 4/10 (40.0%)

Neonatal outcomes

RDS 2 12/88 (13.6%)  11/117 (9.4%)
IVH 1 0/58 (0.0%) 1/107 (0.9%)
Necrotising 1 0/58 (0.0%) 1/107 (0.9%)

enterocolitis

Neonatal 2 30/88 (34.1%) 37/117 (31.6%)
hypoglycaemia

Use of 2 12/88 (13.6%) 11/117 (9.4%)
mechanical

ventilation

Admission to 2 10/88 (11.4%) 14/117 (12.0%)
NICU

Apgar score <7 1 2/58 (3.4%) 0/107 (0.0%)
at 5min

Mean duration 1 30 10

of mechanical

ventilation

Oxygen 1 13/58 (22.4%) 25/107 (23.4%)

requirement for
at least 4 hours

0.33 (0.09 to 1.21) 89 fewer per 1000 (from 126 Very low

fewer to 25 more)

298 fewer per 1000 (from 380 Very low
to 12 fewer)

0.17 (0.03 to 0.95)

0.80 (0.29 to 2.24) 17 fewer per 1000 (from 65  Very low
fewer to 95 more)

0.61 (0.02 to 15.13) 4 fewer per 1000 (from 9 Very low
fewer to 116 more)

0.61 (0.02 to 15.13) 4 fewer per 1000 (from 9 Very low
fewer to 116 more)

1.50 (0.81 to 2.78) 93 more per 1000 (from 44 Very low
fewer to 246 more)

0.80 (0.30 t0 2.12) 17 fewer per 1000 (from 64  Very low
fewer to 86 more)

0.78 (0.23 t0 2.72) 24 fewer per 1000 (from 89  Very low
fewer to 150 more)

9.51 (0.45 to 201.57) 0 fewer per 1000 (from O Very low
fewer to O fewer)

= Mean difference 0.2 lower Very low
(1.35 lower to 0.95 higher)

0.95 (0.44 to 2.03) 9 fewer per 1000 (from 115 Very low

fewer to 149 more)

ACS, antenatal corticosteroid; IVH, intraventricular haemorrhage; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.

SGA or FGR. Three populations were combined, and the
pooled OR in total was calculated. Data were available
from 2714 pregnant women and 8324 neonates enrolled
between 1984 and 2019. We excluded three studies on
maternal outcomes for omitting the number of preg-
nant women: Elimian et al, Torrance et al and Feng et al,
20172 %! These studies included multiple gestations;
hence, there was the risk of double, triple or more counts
to one maternal outcome event. All were observational
studies conducted in high-income countries. Additional
unpublished data from the study by Torrance et alP®
were extracted from a review paper published in 2009
identified through the search strategy.56 7 We extracted
crude data from the included studies except Ley et al.™
The study by Ley et al only provided the adjusted ORs,
controlled by birth weight deviation, gestational age, pre-
eclampsia, premature rupture of membranes and mode
of delivery.” Most of these studies were judged as having
a low risk of bias across all domains except high risk of
bias at confounding variables (online supplemental file
3), (online supplemental table 5). For SGA infants only,
12 studies provided data on 30 outcomes (online supple-
mental file 4), (online supplemental table 6). The admin-
istration of ACS for women with SGA was associated with

increasing odds of pregnancy induced hypertension
(PIH) (two studies, 684women; pooled OR 1.50, 95%
CI: 1.08 to 2.07, low-certainty evidence) although the odds
of pre-eclampsia (two studies, 2077 infants; pooled OR:
0.78; 95% CI: 0.66 to 0.94, low-certainty evidence), neonatal
mortality (eight studies, 2660 infants; pooled OR: 0.68;
95% CI: 0.47 to 0.97, low-certainty evidence), periventricular
leucomalacia (four studies, 3955 infants; pooled OR: 0.54;
95% CI: 0.38 to 0.77, low-certainty evidence) were possibly
reduced (table 4). Two studies involving FGR infants only
provided data for 18 review outcomes; the odds of death
or disability/handicap at 2 years’ corrected age (one
study, 124 infants; pooled OR: 0.39; 95% CI: 0.17 to 0.90,
low-certainty evidence) were possibly reduced (table 4). Four
studies involved SGA or FGR infants, providing data for 25
outcomes (online supplemental file 4), (online supple-
mental table 6). The administration of ACS for women
with SGA or FGR was associated with a possible reduction
in the odds of surfactant use (three studies, 599 infants;
pooled OR: 0.38; 95% CI: 0.23 to 0.62, moderate-certainty
evidence), mechanical ventilation use (two studies, 508
infants; pooled OR: 0.42; 95% CI: 0.26 to 0.66, moderate-
certainly evidence), oxygen use (two studies, 508 infants;
pooled OR: 0.48; 95% CI: 0.30 to 0.77, moderate-certainty
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Table 4 Maternal and neonatal outcomes for women with growth-restricted fetuses and/or small-for-gestational-age infants

No of No of the patients Effect
study ACS Non-ACS OR (95% Cl) Absolute (95% Cl) Certainty
Maternal outcomes
Pregnancy induced hypertension
Totalt 3 195/453 (43.0%) 99/322 1.47 87 more per 1000 (from 15 more Low
(30.7%) (1.07 to 2.01) to 164 more)
SGA 2 144/370 (38.9%) 94/314 1.50 91 more per 1000 (from 16 more Low
(29.9%) (1.08 to 2.07) to 170 more)
Pre-eclampsia
SGA 2 359/806 640/1271 0.78 62 fewer per 1000 (from 103 Low
(44.5%) (50.4%) (0.66 to 0.94) fewer to 15 fewer)
Neonatal outcomes
Neonatal death*
SGA 8 242/1544 (15.7%) 196/1116 (17.6%) 0.68 49 fewer per 1000 (from 85 Low
(0.47 t0 0.97) fewer to 4 fewer)
Severe IVH
Totalt 9 190/3018 (6.3%) 171/1618 (10.6%) 0.59 41 fewer per 1000 (from 59 Low
(0.41 to 0.85) fewer to 14 fewer)
Neonatal hypoglycaemia
Totalt 2 72/181 (39.8%) 36/148 2.06 155 more per 1000 (from 47 Moderate
(24.3%) (1.27 to 3.32) more to 273 more)
FGR or SGA 1 55/136 (40.4%) 28/111 2.01 152 more per 1000 (from 29 Low
(25.2%) (1.16 to 3.48) more to 288 more)
Surfactants use
FGR or SGA 3 61/358 (17.0%) 58/241 0.38 133 fewer per 1000 (from 173 Moderate
(24.1%) (0.23 to 0.62) fewer to 76 fewer)
PVL
SGA 4 74/2219 (3.3%) 68/1736 0.54 18 fewer per 1000 (from 24 Low
(3.9%) (0.38 10 0.77) fewer to 9 fewer)
Use of mechanical ventilation
FGR or SGA 2 73/275 (26.5%) 94/233 0.42 182 fewer per 1000 (from 254 Moderate
(40.3%) (0.26 to 0.66) fewer to 95 fewer)
Oxygen therapy
FGR or SGA 2 79/275 (28.7%) 94/233 0.48 158 fewer per 1000 (from 235 Moderate
(40.3%) (0.30t0 0.77) fewer to 61 fewer)
Duration of hospital stay (days)
Totalt 2 223 173 MD 2.32 lower (3.81 lower to Low

Death or disability/handicap at 2 years’ corrected age

FGR 1 11/62 22/62
17.7%) (35.5%)

0.83 lower)

0.39 178 fewer per 1000 (from 269 Low
(0.17 to 0.90) fewer to 24 fewer)

*“We calculated the numerators using the adjusted OR in the study by Ley et al.? (1997).

1The data from the three populations, SGA only, FGR only, and SGA or FGR, were combined and the pooled ORs in total and calculated.
ACS, antenatal corticosteroid; FGR, fetal growth restriction; IVH, intraventricular haemorrhage ; MD, mean difference; PIH, pregnancy induced
hypertension; PVL, periventricular leucomalacia; SGA, small-for-gestational age.

evidence) although the odds of hypoglycaemia increased
(one study, 247 infants; pooled OR: 2.01; 95% CI: 1.16 to
3.48, low-certainty evidence) (table 4). Pooled ORs involving
women and newborns from all three populations (ie, FGR
only, SGA only and FGR or SGA combined into SGA and/
or FGR) could be determined for 20 outcomes (online
supplemental file 4), (online supplemental table 6). ACS
administration for women with SGA and/or FGR was

associated with a possible reduction in severe IVH (nine
studies, 4636 infants; pooled OR: 0.59, 95% CI: 0.41 to
0.85, low-certainty evidence) and duration of hospital stay
(two studies, 396 infants; MD -2.23 days; 95% CI: -3.81
to —0.83, low-certainty evidence). However, the odds of PIH
(three studies, 775women; pooled OR 1.47,95% CI: 1.07
to 2.01, low-certainty evidence) and neonatal hypoglycaemia
(two studies, 329 infants; pooled OR: 2.06, 95% CI: 1.27
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to 3.32, moderate-certainty evidence) were possibly increased
(table 4).

DISCUSSION

This systematic review identified 31 observational studies
and an RCT on the benefits and harms of using ACS in
subgroups of women with specific pregnancy compli-
cations. In women with diabetes and those undergoing
elective late preterm CS, the available evidence on the
effects of ACS therapy was largely very-low-certainty;
thus, conclusions could not be drawn. In women with
histological and clinical chorioamnionitis, ACS therapy
was associated with the benefit of neonatal death, IVH
and RDS reduction. In women with FGR and/or SGA
babies, ACS therapy possibly has benefits regarding
neonatal morbidity and mortality, as well as the reduced
use of respiratory support interventions for the newborn;
however, neonatal hypoglycaemia might be increased.

Associations of ACS therapy on women with pregestational
and/or gestational diabetes

A clinical concern regarding ACS use in women with
diabetes is the possibility of steroid-induced insulin resis-
tance and consequent hyperglycaemia, which causes
avoidable harm to the neonate. For example, in women
with insulin-dependent diabetes, ketoacidosis may occur if
insulin dosing is not increased following steroid adminis-
tration.”® A 2002 Danish study conducted on 24 pregnant
women with diabetes who received steroids suggested
that insulin dose adjustment may be required for up
to Hdays after ACS administration.” However, in the
current review, there was insufficient evidence to deter-
mine whether ACS increased neonatal hypoglycaemia,
respiratory morbidity or mortality. One retrospective
study suggested that ACS use in women with gestational
diabetes increases the risk of NICU admission; however,
the authors noted that average birth weight in the ACS
group was significantly lower than that in the unexposed
group, which may explain this finding.” Well-designed
studies are needed that describe adjustments to maternal
diabetic regimens at the time of ACS therapy and from
the time of ACS administration to birth and report on
important newborn health outcomes.

Associations of ACS therapy on women undergoing elective
CS in the late preterm period

The 2020 Cochrane review on ACS efficacy identified 27
trials; however, a subgroup analysis on gestational age
at trial entry reported findings from 7 trials recruiting
women in the late preterm period.” This subgroup anal-
ysis suggested that ACS reduces the rates of neonatal
death and RDS in the late preterm period.2 Deshmukh
and Patole reported that ACS reduced the need for respi-
ratory support and increased the risk of hygoglycaemia
with moderate certainty in late preterm. " However,
no subgroup analyses were conducted on CS.” Hence,
these findings cannot be generalised to all women

undergoing CS in the late preterm period. The trial by
Gyamfi-Bannerman and Thom reported that ACS in
the late preterm period reduced their primary outcome
and severe newborn respiratory complications.*’ Their
subgroup analysis showed that these beneficial effects
persisted among women admitted for planned CS
only.* Their primary outcome was defined as any of the
following occurrences within 72 hours after birth: contin-
uous positive airway pressure (CPAP), a high-flow nasal
cannula (HFN) for at least two continuous hours, supple-
mental oxygen with a fraction of inspired oxygen of at
least 0.30 for at least four continuous hours, mechanical
ventilation or the need for extracorporeal membrane
oxygenation (ECMO).* Severe respiratory complica-
tions were defined as any of the following occurrences
within 72 hours after birth: CPAP, HFN for at least 12
hours, supplemental oxygen with a fraction of inspired
oxygen of 0.30 or more for at least 24 hours, mechan-
ical ventilation, stillbirth, neonatal death within 72 hours
after delivery or the need for ECMO." Their outcomes
did not adequately fit our outcomes, and the study did
not provide their outcome data. Our review suggests
there is insufficient evidence to draw firm conclusions on
the benefits and possible harms of ACS when used in this
subpopulation. At the same time, the multicentre trial
by Gyamfi-Bannerman and Thom is suggestive that there
are protective effects from ACS for neonatal respiratory
morbidity among women with late preterm CS.* An
ongoing randomised trial in New Zealand will provide
further information on the effects of ACS therapy on
women with CS planned between 35 weeks 0 days and 39
weeks 6 days.”

Associations of ACS on women with chorioamnionitis
Women with chorioamnionitis are typically excluded
from ACS efficacy trials due to concerns that the prolon-
gation of pregnancy and/or immunosuppression may
worsen outcomes for these women and their newborns.
Although ACS appears to be associated with reduced
neonatal death, IVH and RDS rates in women with histo-
logical chorioamnionitis, there was insufficient evidence
of other important infectionrelated maternal and
neonatal outcomes in this review. While these conclu-
sions are similar to those of a 2011 review by Been et al,
we do not consider that the available evidence supports
the routine use of ACS therapy in women with chorio-
amnionitis, as clinical trials comparing ACS therapy to
no ACS therapy in this population and reliable evidence
regarding infection-related outcomes are still lacking."
Significant overlap exists between clinical and histolog-
ical chorioamnionitis.” Histological chorioamnionitis
reflects antenatal inflammatory exposure more accurately
than clinical chorioamnionitis.” However, since physi-
cians must decide the indications for ACS therapy when
clinical chorioamnionitis occurs, studies evaluating the
effects of ACS in pregnant women with clinical chorioam-
nionitis should be encouraged.
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Associations of ACS therapy on women with growth-restricted
fetuses and/or small-for-gestational-age infants

The totality of the evidence identified in this review
suggests that ACS therapy should be used in the FGR
setting. Although the evidence was mainly of low or very
low certainty, benefits were observed for several outcomes
and no harm was reported. The current review identified
more substantial evidence than that identified in our
2016 systematic review, which was unable to draw solid
conclusions about the effects of ACS therapy in this
subpopulation.?” It is also noteworthy that the largest
trial on ACS therapy in low-resource countries, the WHO
ACTION-I Trial that enrolled 2852women and reported
preterm newborn mortality and morbidity benefits,
recruited 189women with known or suspected FGR.™
The current review did not identify the benefits regarding
the outcome RDS, which might be attributable to a single
retrospective cohort study in Japan in which neonates in
the ACS group were delivered significantly earlier than
those in the control group.” A sensitivity analysis in which
we excluded this study suggested that RDS is significantly
lower for SGA babies exposed to ACS. It cannot be ruled
out that ACS increases the rate of neonatal hypoglycaemia
in this subpopulation, which warrants further explora-
tion in future research. In this meta-analysis, two studies
targeted pregnant women with FGR while the other 16
included pregnant women with SGA. SGA status does not
perfectly represent FGR." Since physicians must decide
the indication for ACS therapy when FGR is detected,
studies evaluating the effects of ACS therapy on pregnant
women with FGR fetuses should be encouraged.

Strengths and limitations

The strengths of this review were its broad search strategy,
which included studies published in languages other than
English, rigorous quality assessments and the use of the
GRADE methodology to assess the reliability of the review’s
findings. Thus, we consider the risk of missing potentially
eligible studies to be low, although we acknowledge that
publication bias may affect these results. One limitation
of the present review is the difference in how studies
defined, identified or diagnosed the subgroup conditions
and outcomes of interest. These differences might have
created a bias in the review conclusions. However, we
explored and reported heterogeneity for meta-analyses.
This analysis extracted all data from observational studies.
Since adjusted confounding variables showed a wide
variety in each included study, crude data were employed
in our review. No included studies adequately consid-
ered their study design to adjust the confounding bias.
Therefore, confounding bias should be cautiously consid-
ered in our results’ interpretation. Another limitation
is that most of the included studies were conducted in
high-income countries, although over 60% of all preterm
births globally occur in African and South Asian coun-
tries.”” This review did not lead to any evidence of high
certainty, and one reason for this observation is that all
studies were observational. In 1990, Crowley et alreported

a structured review of ACS for preterm birth.” The review
revealed that ACS significantly reduced the risk of IVH
and respiratory morbidity.”® In 1995, the National Insti-
tutes of Health developed a consensus on recommending
ACS treatment for preterm birth.”” In our review, only
one study targeting women with chorioamnionitis and
two studies targeting women with FGR started before
1990.* %% It would be challenging to conduct the RCTs
on ACS efficacy even in these special populations after
the review by Crowley et al.”® The latest Cochrane review
on ACS treatment for preterm birth involved a subgroup
analysis in the seven special conditions.” However, the
review did not conduct a subgroup analysis regarding
women with diabetes, chorioamnionitis and FGR.?
Furthermore, the latest review on ACS for later preterm
birth did not perform any subgroup analysis due to the
lack of stratified data based on the mode of delivery.”
Considering the circumstances, guidelines on ACS
therapy by international bodies are yet to develop solid
recommendations for these special populations. Hence,
we consider this review valid. Prospective cohort studies
on ACS efficacy for these four special populations should
be encouraged. The studies should include precise data
on the time sequence between ACS admission and the
onset of maternal outcomes to determine the effect of
ACS therapy on maternal outcomes. Our search was last
conducted in June 2021 and required time for publica-
tion. Despite scrutinising additional sources between
June 2021 and February 2023, we did not find any further
relevant studies.

CONCLUSION

ACS has possible benefits in the setting of FGR and/or
SGA; however, direct trial evidence of its efficacy and
safety for pregnant women with pregestational and/
or gestational diabetes mellitus and those undergoing
elective CS in the late preterm period is still lacking.
Although ACS may have some benefits in the context of
histological chorioamnionitis, more evidence is required.
Well-designed studies (ideally trials) with adequate
follow-up for long-term child outcomes are needed to
confirm the upsides and downsides of ACS use in these
subpopulations.
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