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OBJECTIVE: To examine the current literature surrounding the administration of antenatal corticosteroids in pregnancies complicated by dia-
betes and summarize the reported neonatal and maternal outcomes in exposed and unexposed groups.

DATA SOURCES: A systematic search was performed in November 2023 using Ovid Medline and Embase databases to identify relevant
studies.

STUDY ELIGIBILITY CRITERIA: Articles that reported on the maternal or neonatal outcomes in pregnancies complicated by pre-gesta-
tional or gestational diabetes after exposure to antenatal corticosteroids were included in this review. Articles were excluded if they did not sepa-
rately report on the outcomes experienced by women with diabetes.

METHODS: Maternal and neonatal outcomes of interest included neonatal respiratory distress syndrome, neonatal hypoglycemia, and mater-
nal hyperglycemia. Key words in this search included combinations of the terms related to pre-gestational and gestational diabetes, antenatal cor-
ticosteroids, respiratory distress syndrome, hypoglycemia, and hyperglycemia. Title and abstract screening was conducted in duplicate.
RESULTS: There were 19 studies that met the inclusion criteria. There were 13 studies that presented results pertaining to neonatal respira-
tory distress syndrome, 14 studies discussed neonatal hypoglycemia and 5 studies discussed maternal hyperglycemia. Only 2 included studies
were randomized controlled trials with the remaining 17 studies being observational. There was heterogeneity in clinical settings, study popula-
tions, type of corticosteroid administered and timing of administration across the included studies. This review found that there is no clear evi-
dence of beneficial effect of corticosteroid administration on neonatal respiratory outcomes in pregnancies complicated by diabetes. Additionally,
there was discrepancy between studies reporting on neonatal hypoglycemia with 6 studies reporting an increased incidence in this outcome after
antenatal corticosteroid exposure whilst 4 studies found no difference between exposed and unexposed groups. This review identified a specific
gap in the reporting of maternal hyperglycemia following antenatal corticosteroids. The limited number of studies that did report this outcome
unanimously reported an increased incidence of maternal hyperglycemia after corticosteroid exposure. The majority of studies had small sample
sizes of pregnancies both complicated by diabetes and exposed to corticosteroids and therefore lacked sufficient power to make robust conclu-
sions about the influence of antenatal corticosteroids in this group.

CONCLUSION: This review concludes that there are insufficient data regarding the risks and benefits of antenatal corticosteroid administra-
tion in pregnancies complicated by diabetes.
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Introduction

The administration of antenatal cortico-
steroids (ACS) is one of the most suc-
cessful interventions for the prevention
of neonatal respiratory morbidity and
neonatal death in infants born preterm.’

The landmark trial by Liggins and
Howie conducted over 50 years ago was
the first to demonstrate that administra-
tion of ACS remarkably reduced the
incidence of respiratory distress syn-
drome (RDS) and neonatal mortality.”

Since this initial trial, multiple random-
ized trials, summarized in a recent
Cochrane systematic review, have con-
firmed the beneficial effects of ACS on
other complications of prematurity
including transient tachypnoea of the
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Why was this study conducted?

diabetes.

Key findings

diabetes.

There is currently no consensus on whether the potential benefits of antenatal
corticosteroids in reducing neonatal respiratory morbidity outweigh the poten-
tial risks of neonatal hypoglycemia and maternal hyperglycemia in women with

This review found that there are insufficient data regarding the risks and benefits
of antenatal corticosteroid administration in pregnancies complicated by

What does this study add to what is already known?

This review highlights the need for high quality randomized controlled trials of
antenatal corticosteroids in pregnancies complicated by diabetes to ensure well
informed clinical practice for these women and their infants.

newborn (TTN), intraventricular hem-
orrhage and necrotizing enterocolitis
with no apparent adverse maternal
effects.’ This research has informed
clinical guidelines globally with the
World Health Organization recom-
mending antenatal corticosteroid ther-
apy for women who are likely to give
birth between 24 and 34 weeks’
gestation.’

Despite the known benefits for fetal
lung maturation in preterm pregnan-
cies, there are emerging reports of
potential risks associated with ACS
administration. Gyamfi-Bannerman et
al.* reported that the incidence of neo-
natal hypoglycemia was 60% more
likely to occur in ACS exposed infants
(relative risk 1.60, 95% CI 1.37—1.87,
P<.001) in a randomized trial of preg-
nant women at risk of late preterm birth
(34™° to 36" weeks).* Sifianou et al.’
observed a significant increase in c-pep-
tide concentration in cord blood of neo-
nates exposed to ACS (median
2.85mcg/L vs 1.19mcg/L, 95% CI 2.44
—3.47 vs 1.09—1.29, P<.0001), suggest-
ing fetal hyperinsulinemia which may
lead to neonatal hypoglycemia.” Like-
wise, maternal hyperglycemia is a
widely recognised consequence of ACS
administration, regardless of the pres-
ence of diabetes due to the stimulation
of gluconeogenesis.”

Considering these complications
associated with ACS, particularly mater-
nal hyperglycemia, it is alarming that
women with diabetes have historically
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been excluded from studies investigat-
ing ACS.” Women with pre-gestational
diabetes (PGDM) (including type 1 or
type 2 diabetes mellitus) or gestational
diabetes (GDM) are more likely to expe-
rience pregnancy complications such as
fetal macrosomia, pre-eclampsia, and
stillbirth compared with those without
diabetes.” '” They are also more likely
to require caesarean birth'”'" and their
neonates are more likely to have hypo-
glycemia.'” Babies born to women with
PGDM or GDM are more likely to have
respiratory morbidity (Adjusted Odds
ratio (OR) for type 1 diabetes, 2.5; 95%
CI 1.4-4.4)"*(OR GDM, L.1; 95% CI
1.0-1.4)."" Considering the risk of neo-
natal respiratory complications, ACS
may be beneficial for infants born to
women with diabetes to help reduce
this risk. Fetal hyperinsulinemia associ-
ated with maternal diabetes may impact
surfactant production in the fetal lung,
increasing the risk of neonatal respira-
tory morbidity.” What is not known yet,
is whether surfactant production and
therefore risk of neonatal respiratory
morbidity is improved following ACS
in pregnancies complicated by diabetes
or whether ACS exacerbates associated
complications. With the incidence of
diabetes in pregnancy increasing sub-
stantially over the past decade,'” there is
an urgent need to determine the safety
and efficacy ACS in these women.

There is currently no consensus on
whether the potential benefits of ACS in
reducing neonatal respiratory morbidity

outweigh the potential risks of neonatal
hypoglycemia and maternal hyperglyce-
mia in women with diabetes. The most
recent Cochrane review highlighted the
insufficient evidence available for the
use of ACS in this group of women'
emphasizing the need for further
research in this population. Peak bodies
acknowledge this key gap in research in
their recommendations on ACS includ-
ing the American College of Obstetri-
cians and Gynaecologists,'" World
Health Organisation'” and the National
Institute for Health Excellence'® who
have all highlighted that the benefit of
ACS in women with diabetes is cur-
rently unknown. Guidelines that do rec-
ommend ACS in this population clarify
that administration should be accompa-
nied by appropriate glycemic monitor-
ing and management.’

This review therefore aims to exam-
ine the available literature surrounding
the administration of ACS in women
with diabetes and summarize key neo-
natal and maternal outcomes: neonatal
respiratory morbidity, neonatal hypo-
glycemia, and maternal hyperglycemia.

Methods
A literature search of the databases
Ovid Medline and Embase was con-
ducted (final search on 15" of Novem-
ber 2023). General search terms
pertained to PGDM, GDM and antena-
tal corticosteroids. Key outcome terms
included neonatal hypoglycemia, mater-
nal hyperglycemia, and respiratory
morbidity. Boolean operators AND and
OR were used to combine these key
themes. A detailed search strategy is
summarized in Supplementary Table 1.
Once duplicate articles had been
removed, the resulting publications
were screened based on their title and
abstract. Relevant publications then
underwent full text screening. Publica-
tions that did not provide evidence of
separate data or analysis of outcomes
for participants with diabetes were
excluded from this review. This exclu-
sion criterion was implemented to
ensure that the data presented in this
review is specific to outcomes experi-
enced by women with diabetes and their
infants after ACS exposure.
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This systematic review was prospec-
tively registered with Open Science
Frameworks on 12th November 2023
(https://doi.org/10.17605/OSF.1I0/
VQ7RE).

Results

A total of 19 publications'®® were
included in this review (Table 1). The
results of our literature search and rea-
sons for article exclusion are depicted in
Figure 1.

Notably, the exclusion criteria
removing any study that did not con-
duct a separate analysis on the out-
comes of participants with diabetes
resulted in a large number of studies
being excluded from this review.
Despite their relevance to the discourse
on the use of ACS, the absence of sepa-
rate data relating to the outcomes of
patients with diabetes prevents deter-
mining whether these outcomes are
unique in pregnancies complicated by

diabetes. Studies that used corticoste-
roids for purposes other than the pre-
vention of neonatal RDS were also
excluded. Additionally, studies that
were not available in English were
excluded. A summary of these studies
which were excluded during full publi-
cation screening is outlined in Supple-
mentary Table 2.

Of the 19 studies included, only 2
were randomized controlled trials.”””
The remaining 17 studies were

[ Identification of studies via databases

Records removed before
screening:

(n=76)

Duplicate records removed

Reasons for exclusion:
————» °
interest n= 204

Records excluded (n = 301)
ACS incidental to the article and not the intervention of

e Number of participants with diabetes not stated or
participants with diabetes excluded n=7
e  Study included participants with diabetes but did not
report outcomes for women with diabetes exposed to
ACS seperately from the entire population n= 14
e Inappropriate study type n= 66
»  Protocol/guideline n=12
» Review n=23
» Case reports n=31
e Article not available in English n=10

Reports excluded:

extracted (n=18)

(n=2)
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RDS (n=1)

No participants with diabetes included in analysis (n=4)
Outcome data for women with diabetes not able to be

ACS are not the main investigational intervention (n=4)
Inappropriate study type (n = 3)

Outcomes of interest not reported (n=4)

Adequate data regarding outcomes pertaining to ACS
exposure unable to be extracted (n=2)

Full text unavailable (n=1)

Unable to extract sufficient outcome data for women with
diabetes from this publication (n=1)

Investigational intervention beyond the scope of this review

ACS administered for purpose other than the prevention of
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TABLE 1

Summary of papers included in this review

Authors Study type Sample size Population studied Intervention Outcomes assessed
Ali H, etal 2020'® Retrospective analysis using ® 13,976 infants Singleton births after 34 weeks’ gestation Two intramuscular injections of 12 mg RDS, TTN, NICU admission, neonatal hypoglycaemia based on
routinely collected hospital ® 3895 women with diabetes betamethasone phosphate, 24 h apart in ICD-10 coded diagnoses or data entered into medical records
data ® 80 received ACS mothers. All patlents except 3 received a
) complete regimen of 2 doses
® 18 received ACS <14 d from
delivery

Battarbee AN, et al 2022'°

Cassimatis IR et al. 2020°°

Dude AM et al. 20212’

Gupta K et al. 2020?

Gyamfi-Bannerman C et al.

2023%

Secondary analysis of an
observational cohort from
25 US hospitals from
March 2008 to February
2011

Three site retrospective cohort
study between April 2014
to May 2017

Single centre, retrospective
cohort study comparing 2
cohorts before (1 Novem-
ber 2012 to 31 October
2013) and after 1 April
2016 to 30 March 2017)
introduction of a protocol
for late preterm steroids

Single centre, Retrospective
study between 1 May 2016
and 30 April 2018.

Secondary analysis of ran-
domized controlled trial

4429 women and 5259 neonates
510 women with diabetes (181
PGDM, 329 GDM)

439 received ACS

54 women with pre-gestational
diabetes

18 received ACS

123 women with diabetes

Births during the pre-ACS protocol
period (n=58) compared with the
post-ACS protocol period (n=65)
Only 50 of 65 people eligible to
receive corticosteroids in the
post-protocol period (76.9%)
received corticosteroids during the
late preterm period

102 women with diabetes
(95 GDM, 4 Type 2 diabetes,
3 Type 1 diabetes)

33 received ACS

2609 infants, 283 women with
diabetes

Number exposed to betamethasone
not specified

Women with singleton pregnancies who
delivered at 230 to 33*6

weeks’ gestation and received antenatal
corticosteroids were compared with those
who did not receive antenatal
corticosteroids.

Women with PGDM with singleton
pregnancies who delivered in the late
pre term period (34*° to 36*° weeks)

Patients with any diabetes diagnosis and
singleton gestation, between 34*° and
36*° gestation at risk of birth before 37
weeks GA.

Women with any form of diabetes in preg-
nancy undergoing elective CS with a
singleton pregnancy were included.
(37+0 to 38+6 weeks’ gestation)

Women at risk for late preterm delivery
between 34+0 and 36+5 weeks’ gestation
were randomized to betamethasone or
placebo

One dose of 12 mg intramuscular

betamethasone) or a full course
(2 doses of 12 mg intramuscular
betamethasone spaced 24 h apart)

Betamethasone administration.

Dose and timing not stated.

Two doses of Betamethasone acetate 12mg

administered intramuscularly 24 hours
apart exposure compared to those who
were note exposed

Type of corticosteroids, dose, and timing in
relation to caesarean section is not stated.

Two intramuscular injections containing

either 12 mg of betamethasone (equal
parts betamethasone sodium phosphate
and betamethasone acetate) or matching
placebo administered 24 hours apart

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

Neonatal RDS or death within 48 h. RDS was defined as a clinical
diagnosis of respiratory distress syndrome, hyaline membrane
disease, or respiratory insufficiency requiring oxygen therapy
with Fi02 > 0.40 started within the first 24 hours after birth
and continued for > 24 h or until neonatal demise. Secondary
outcomes included mechanical ventilation and a composite of
neonatal morbidity including respiratory distress syndrome,
necrotizing enterocolitis, grade 3 or 4 intraventricular hemor-
rhage, sepsis, or neonatal demise.

Length of neonatal hospitalization, composite respiratory
morbidity (defined as continuous positive airway pressure
>2 h, 02 > 4 h, or mechanical ventilation) and neonatal
hypoglycaemia (<40 mg/dL or 2.2mmol/L)

Neonatal hypoglycaemia, defined as any glucose < 60 mg/d
(3.3mmol / L) within the first 24 h of life,

Secondary outcomes included neonatal hypoglycaemia defined
as any glucose < 40 mg/dL (2.2mmol/ L) in the first 24 h of
life, receipt of intravenous dextrose, TTN, RDS, surfactant
administration, and hospital length of stay. Respiratory distress
syndrome diagnosis was made based on typical chest X-ray
and need for supplemental oxygen. Transient tachypnea of the
newborn was diagnosed by chest X-ray finding of perihilar
linear streaking. Those neonates requiring oxygen, but with
normal chest X-ray findings, were individually reviewed for a
diagnosis by a neonatologist.

Neonatal hypoglycaemia defined as a as a heel-prick blood glu-
cose of <2.6 mmol/L. RDS/TTN defined as respiratory distress
requiring support (and admission to NICU), including subcostal
recession, or a respiratory rate of >60 breaths per minute.

Duration of neonatal hypoglycaemia <40mg/dL, lowest reported
blood glucose, treatment for hypoglycaemia and incidence of
prolonged, persistent hypoglycaemia defined as hypoglycae-
mia which persisted for >72 hours after birth.

(continued)
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TABLE 1

Summary of papers included in this review (continued)

Authors

Study type

Sample size

Population studied

Intervention

Outcomes assessed

Jolley JA et al. 2016%

Kakoulidis | et al. 2019%°

Krispin E et al. 2018%°

Langen ES et al. 2014%

Li J etal. 2022%°

Liang FW et al. 2021%°

Paul R et al. 2019*°

Prospective observational
study

Observational cohort study
from August 2016 to
December 2017

Single centre retrospective
cohort study between 2012
and 2016.

Prospective observational trial
from August 2010 to May
2011

Retrospective cohort study

Population-based retrospec-
tive study

Retrospective case control
study

® 33 total

©® 11 women with diabetes
(9 GDM, 2 PGDM)

® All exposed to ACS

® 99 women with GDM (47 controlled
with diet and 52 on insulin), all
received ACS

® 2262 women with GDM

® 47 received ACS prior to 34*°
weeks and delivered in the late
pre-term.

® 82 received ACS prior to 34*°
weeks and delivered at term

@ 15 women total between 24+0 and
34+0 weeks’ gestation.

® 4 women with diabetes (3 with GDM
and 1 with Type 2 diabetes) who all
received ACS

1165 women with diabetes

® 427 received ACS

® 159 received ACS within 2 days

® 131 received ACS within 2-7 days
of birth

® 137 received ACS >7 days prior
to birth

® 70946 total

® 4233 infants born to women with
GDM

® 746 were exposed to ACS

® (Women with PGDM excluded)

® 60 women with GDM
® 30 received ACS

Women with singleton or twin pregnancies
who were candidates
for betamethasone administration due to
risk for preterm delivery for any reason
between 24+0 and 33+6 weeks gestation.

Women with singleton pregnancies, 23—34
weeks’ gestation who are at increased risk
of preterm delivery

Women with singleton viable fetus delivering
after 34 weeks’ gestation. (Subdivided into
late preterm (34*° to 36*°) and term (37+°
t0 4176

Women receiving clinically indicated betame-
thasone between 24+0 and 34-+0 weeks’
gestation

Women having a planned CS at 37+ to 38*¢
weeks with GDM (WHO criteria) or Diabe-
tes in Pregnancy (fasting glucose
>7mmol/L and 2 hour glucose >11.mmol/
Lon OGTT

Women presenting with early or threatened
preterm labour between 20 and 36*°
weeks of gestation who gave birth to an
infant after 33 weeks’ gestation.

Women with a singleton pregnancy and GDM
who delivered via caesarean section
>37 weeks’ gestation

Betamethasone (dose not specified)

One or 2 doses of 12 mg of betamethasone
given intramuscularly, 24 h apart

Two doses of betamethasone 12mg
administered intramuscularly 24 hours
apart administered once in the setting of
risk of preterm birth between 24*° to 33+6
weeks.

Two doses of 12 mg of betamethasone
intramuscularly 24 hours apart.

Dexamethasone 6mg x 4 doses given
12 hours apart. Exposure defined as
receiving at least 1 dose prior to birth.
Decision regarding administration was left
to discretion of treating team.

ACS exposure between 34*° and 36+°
weeks’ gestation. No details provided
regarding type and timing of ACS

Two doses of Betamethasone 11.4mg
administered 24 hours apart intramuscu-
larly prior to delivery. The decision to treat
was at the discretion of the treating team.
All women who received ACS were admit-
ted for an insulin and dextrose infusion.

Controls were selected (1:1) to match for
cases by ethnicity, mode of birth and
year of birth.

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

Maternal hyperglycemia measured by capillary blood glucose
every 4 hours for 48 hours after administration of
corticosteroids. Significant hyperglycemia defined as a
blood glucose level >140 mg/dL, and >160 mg/dL

Maternal glycaemic profile measured by 6 to 7 capillary
plasma blood glucose measurements per day (pre and 1 h
postprandial, plus an overnight measurement) with point of
care devices

Neonatal adverse composite outcome including respiratory
composite outcome, hypoglycaemia, and necrotizing
enterocolitis. Secondary outcomes were neonatal respiratory
composite outcomes, including any of the following: TTN,
RDS, mechanical ventilation and meconium aspiration
syndrome.

Maternal glycaemia measured using continuous glucose
monitoring. Proportion of time spent with glucose levels
above 110, 144, 180mg/dL (6.1, 8.0 10.0mmol/L) thresholds.

Respiratory distress syndrome defined according to clinical
criteria and presence of typical findings of either RDS or TTN
on Chest x-ray. Neonatal hypoglycaemia defined as blood
glucose <2.2mmol/L within 24 hours after birth. All infants
with blood glucose <2.6mmol/L were treated with intravenous
dextrose and close surveillance.

Neonatal respiratory morbidity (RDS) including utilisation of
CPAP, mechanical ventilation, and oxygen.

Neonatal ‘glucose’ use (not specifically defined as intravenous or
oral)

Number of admissions to NICU for RDS and/or TTN, the mean
length of stay in NICU for respiratory complications.

Incidence of neonatal hypoglycaemia (defined as glucose levels
<2.5 mmol/L) within 24 h post-delivery and the mean nadir
neonatal glucose level.

(continued)
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TABLE 1

Summary of papers included in this review (continued)

Authors Study type Sample size Population studied Intervention Outcomes assessed
Raj-Derouin et al. 2023°' Retrospective single centre ® 169 women with diabetes (162 Individuals with diabetes who delivered Betamethasone (dose not specified) Prevalence of neonatal hypoglycaemia defined as heel stick less
case control study GDM, 6 Type 2 DM) between 34+ and 37+° weeks’ gestation 36 participants received 2 doses of than 40mg/dL within the first 4 hours of life or less than
® 37 received ACS betamethasone and 51 received one dose 45mg/dL at 4 to 24 hours of life
Said JM et al. 2023°° Single centre, triple blind pilot ® 47 women with diabetes Pregnant women with a singleton or twin Participants were randomized to receive 2 Primary outcomes were measures of feasibility.
randomized control trial ® GDM pregnancy who have PGDM or GDM and injections of either betamethasone Secondary outcomes included neonatal respiratory morbidity
® Type 1 diabetes n=5 who planned to give birth by elective CS 11.4 mg in 2 mL, or 2 mL normal saline defined as the need for respiratory support for > 4 hours; neo-
. : B between 35" and 386 weeks of placebo, 24 hours apart. natal hypoglycemia <2.6mmol/L; maternal hyperglycemia
Type 2 diabetes n=7 gestation defined as the highest maternal blood glucose in the interval
® GDMn=35 between randomization and birth as well as the need for addi-
® 22 randomized to ACS tional insulin
Thevathasan et al. 2022°° Retrospective cohort study ® 306 women with PGDM Consecutive women with PGDM who gave Two doses of Betamethasone 11.4 mg given ~ Neonatal RDS defined as requirement for respiratory support of
® 65 exposed to ACS <7 days prior to birth by elective CS between 36*° and 24 h apart within 7 days of cesarean birth any type for >60 min. Secondary outcomes included neonatal
delivery 38+ weeks gestation. hypoglycemia requiring parenteral therapy.
Tuohy et al. 2021** Retrospective cohort study ® 7317 women with diabetes Women with a singleton or multiple preg- ACS was betamethasone 11.4mg in 97% of ~ Maternal hyperglycemia: Blood glucose above a threshold of
® Type 1 diabetes — 13% nancy giving birth at < 37+ weeks’ ges- patients with 85% receiving 2 doses at a 7,8,10 or 11mmol/L, peak hyperglycemia, time to onset of
® Type 2 diabetes 21% tation; admitted tolhospital for > 2 hours 24 hpur inte!'vaIA Most patients (72“(0) hyperglycgmia, time between administration of the first dose of
P for any reason during pregnancy between received a single course of ACS while 18% ANC and first blood glucose above the threshold.
0 22*°_36"6 weeks' gestation; birthing by received a repeat course which comprised ~ Neonatal hypoglycaemia <2.6mmol/L, severe hypoglycaemia
® 647 (8.8%) received ACS but gly- elective CS at any gestation; or birthing by a single dose in 92% of those who <2.0mmol/L.
caemic data were only available for emergency CS at < 39 weeks’ gestation. received a repeat course.
579 others and 714 babies The first dose of ACS was given prior to 34
weeks in the majority but 17% received
their first dose after 34 weeks’ gestation.
Uquillas et al. 2020 Retrospective cohort study ® 233 total Women with a singleton pregnancy birthing  Betamethasone administration at 34*° to Neonatal hypoglycaemia, defined as glucose < 40 mg/dl
® 39 women with GDM at 34*° t0 366 weeks of gestation who 366 weeks of gestation compared to no (2.2mmol/L) within 72 h of birth.
® 11 received ACS had not received ACS prior to 34*° weeks betamethasone administration (dose not
R gestation. stated)
®  Women with PGDM excluded
Weydig HM et al. 2022°° Retrospective and prospective ® 1813 total Preterm neonates delivered at Two doses of 12 mg betamethasone acetate/  Primary outcome was surfactant administration after ACS
single centre cohort study ® 284 born to mothers with diabetes 29*°_33+6 weeks gestation betamethasone sodium phosphate [Celes- exposure.
between 2011 -2018. (type not specified) tone] 24 hours apart RDS defined as clinical features, Fi02 >0.40 and compatible
® 133 received ACS radiologic features.

ACS, antenatal corticosteroids; DM, diabetes mellitus; GA, gestational ag; GDM, gestational diabetes; ICD, International Classification of Diseases; NICU, neonatal intensive care unit; PGDM, pre-gestational diabetes; RDS, respiratory distress syndrome; TTN, transient

tachypnoea of the newborn.

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.
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TABLE 2

Summary of maternal and neonatal outcomes after ACS exposure

Authors

Neonatal respiratory morbidity

Neonatal hypoglycaemia

Maternal Hyperglycemia

Ali H, etal 2020

Battarbee AN, et al
2022'°

Cassimatis IR et
al. 2020%°

Dude AM et al.
20217

GuptaK et al.
2020%

Gyamfi-Banner-
man C et al.
2023%

Jolley JA et al.
20162

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

ACS was associated with an increased risk of RDS/
TTN after adjusting for diabetes status aOR=
4.57 (3.14—6.64).

However, ACS exposure did not alter the incidence
of RDS / TTN after adjusting for diabetes, hyper-
tension, prematurity, maternal age, mode of
delivery and macrosomia. aOR=1.10 (0.72
—1.69, p=.65)

In the entire cohort (including women without dia-
betes), ACS exposure did not reduce the risk of
respiratory distress syndrome or early death
(aRR = 0.94, 95% Cl: 0.85—1.04) or mechanical
ventilation (aRR=0.95, 95% Cl: 0.86—1.05).

Maternal diabetes did not significantly modify the
association between antenatal corticosteroids
and respiratory distress syndrome or early death
(p=.42) or mechanical ventilation (p=.83)

The composite neonatal respiratory morbidity was
more frequent in the betamethasone group than
in the control group but was not statistically sig-
nificant (50 vs 25%, p=.066).

No differences were observed in the pre-ACS proto-
col group compared to the post-protocol group
for respiratory morbidity.

RDS: 3/58 (5.2%) pre-ACS protocol period vs 4/65
(6.2%) post-ACS protocol period (aOR 1.03, 0.22
—4.97)

TTN: 7/58 (12.1%) pre-ACS protocol period vs 8/65
(12.3%) post-ACS protocol period (aOR 1.04,
0.31-3.33)

Surfactant administration 2/58 (3.5%) pre-ACS
protocol period vs 2/65 (3.1%) post-ACS protocol
period aOR 0.73, 0.10—5.54)

Neonates of women administered corticosteroids
were more likely to be admitted to the NICU with
RDS/TTN (12/33 (15.2%) in the ACS exposed
group vs 4/69 (7.2%) in the unexposed group)
but this was not statistically significant, p=.209

Not reported

Not reported

ACS was associated with an increased risk of NICU
admission for hypoglycaemia after univariate anal-
ysis adjusting for diabetes status alone. aOR=3.25
(1.57— 5.87).

However, ACS exposure did not alter the incidence of
NICU admission for hypoglycaemia after adjusting
for diabetes, hypertension, prematurity, maternal
age, mode of delivery and macrosomia. aOR=1.10
(0.54-12.26, p=.78)

Not reported

Neonatal hypoglycemia did not differ between the 2
groups (50% vs 47%, P=.8)

Neonates born in the post- ACS protocol period
experienced hypoglycemia in the first 24 h of life
at the level of <60 mg/dL (3.3mmol/L) signifi-
cantly more frequently than neonates born in the
pre-ACS protocol period (81.5% post-ACS protocol
vs 59.7% pre-ACS protocol; aOR 2.96, 1.29
—6.82, p=.008).

There was no significant difference in the frequen-
cies of hypoglycemia <40 mg/dL (2.2mmol/L)
(44.6% post-ACS protocol vs 29.3% pre- ACS pro-
tocol; aOR 1.76, 0.81—3.79, p=.08) or in IV dex-
trose administration (35.4% post-ACS protocol vs
24.1% pre-ACS protocol; aOR 1.62 0.71—-3.72)
p=.18)

Neonates of women administered corticosteroids
were significantly more likely to have hypoglyce-
mia (8/33 (24.2% in the ACS exposed group vs 3/
69 (4.4%) in the unexposed group, p=.003.

In the betamethasone group, gestational diabetes
(OR: 1.80, 95% CI: 1.25—2.59), and cesarean
delivery (OR: 1.72, 95% Cl: 1.34—2.22) were
associated with neonatal hypoglycemia.

0Of the 108 women with both gestational diabetes
and an infant with hypoglycemia, the frequency of
treatment for hypoglycemia was similar between
betamethasone (58; 41.1%) and placebo (50;
35.2%) groups, RR of 1.17 (95% Cl: 0.87—1.57)

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

The mean maximum blood glucose in
those with diabetes

was significantly different from those
without diabetes (205.9 +
23.42 mg/dL vs. 171.0 &
18.67 mg/dL, p < 0.01). All patients
with diabetes had at least one episode
of hyperglycemia >140mg/dL and 10/
11 (91 had at least one episode of
hyperglycemia >160mg/dL)

(continued)
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TABLE 2

Summary of maternal and neonatal outcomes after ACS exposure (continued)

Authors

Neonatal respiratory morbidity

Neonatal hypoglycaemia

Maternal Hyperglycemia

Kakoulidis | et al.

2019%

Krispin E et al.
2018%

Langen ES et al.
2014

LiJ etal. 20222

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

Not reported

Neonatal composite respiratory morbidity was not
seen more frequently in infants born preterm fol-
lowing ACS exposure prior to 34+ weeks: ACS
exposed 11/47 (23.4%) vs ACS unexposed 25/
114 (121.9%) p=.84.

Neonatal composite respiratory morbidity was not
seen more frequently in infants born at term fol-
lowing ACS exposure prior to 34+° weeks: ACS
exposed 9/82 (10.9%) vs ACS unexposed 123/
2019 (6.1%) p=.763.

Not reported

No difference in RDS rates following ACS exposure
<2days and >7 days prior to birth (no RDS
events in those exposed 2-7 days so unable to
estimate odds ratio)

<2 days after ACS aOR 1.308 (0.410,4.170)
p=.650

>7 days after ACS aOR 0.943 (0.565, 1.575)
p=.823

*adjusted for hypertensive disorders, gestational
age, birth weight, small for gestational age

Not reported

Neonatal hypoglycemia was not seen more fre-
quently in infants born preterm following ACS
exposure prior to 34+° weeks: ACS exposed 3/47
(6.3%) vs ACS unexposed 13/114 (11.4%) p=.29.

Neonatal hypoglycemia was not seen more fre-
quently in infants born at term following ACS
exposure prior to 34+° weeks: ACS exposed 2/82
(2.4%) vs ACS unexposed 36/2019 (1.8%)
p=.662.

Corticosteroid treatment was not associated with
neonatal adverse composite outcome (including
neonatal hypoglycemia) when delivery occurred at
the late preterm, nor at term (aOR = 0.708, 95%
Cl0.2-2.3, p=.572), and aOR= 1.6, 95% Cl 0.2
—12.7, p=.635, respectively).

Not reported

There was an increased likelihood of neonatal hypo-
glycaemia among neonates born within 2 days of
ACS administration (22.6% in the 2 day group vs
8.4% in the no ACS group p<0.001). This was no
longer statistically significant for exposure 2-

7 days prior to birth or >7 days prior to birth.

<2 days after ACS aOR 2.684 (1.647, 4.374)
p<.001

2-7 days after ACS aOR 1.128 (0.822, 1.548)
p=.455

>7 days after ACS aOR 0.986 (0.791, 1.229) p=.902

*adjusted for hypertensive disorders, gestational
age, birth weight, small for gestational age

In insulin-treated women the mean
increase in total daily dose of insulin
was of 61.4%. The increase in insulin
dose was significantly linked to beta-
methasone dosage (p = 0.014), espe-
cially in women that received two
12 mg betamethasone doses (33/52
women; total daily insulin dose needed
to be increased by 23.8 4= 3.5 units on
average), versus a single 12 mg beta-
methasone dose (19/52 women; with
an average increase of 5.3 & 6.2 units
of insulin).

Not reported

The trend of glucose control among
women with diet controlled GDM
appears similar to the pattern seen in
non-diabetic women. There was no
period when the gestational diabetic
women spent significantly more time
with elevated blood glucose compared
with nondiabetic women.

The mean percentage of time spent above
110mg/dL in the first 24 hours after
administration was 62% for women
without diabetes compared with 75%
for women with diabetes. In the 24-

48 hour period after administration, the
mean percentage of time above
110mg/dL was 73% for women without
diabetes and 79% for women with dia-
betes.

Not reported

(continued)
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TABLE 2

Summary of maternal and neonatal outcomes after ACS exposure (continued)

Authors Neonatal respiratory morbidity Neonatal hypoglycaemia Maternal Hyperglycemia
Liang FW et al. There were no differences in the incidence of neo- In the subgroups that underwent caesarean section, Not reported
2021%° natal respiratory distress, CPAP, mechanical ven- or had gestational hypertension or GDM, the
tilation or oxygen use following ACS exposure adjusted risks of subgroups were consistent with
Respiratory Distress: aOR 0.76 (0.52-1.12) comprehensive results
CPAP: aOR 1.01 (0.58-1.76) where glucose levels in the ACS group were lower
Mechanical ventilation: aOR 0.89 (0.30-2.68) than the control group (640 (11.1) compared to
Oxygen use: aOR 1.15 (0.78-1.69) 3648 (13.0) p<.0002)
*Adjusted for nulliparity, sex, hypertensive disor- Neonatal hypoglycaemia was not increased overall
ders and CS for women with GDM who were included in an
adjusted OR for neonatal outcomes in women
administered and not administered ACS - aOR
0.70 (0.46, 1.08)
*Adjusted for nulliparity, sex, hypertensive disorders
and CS
Paul R et al. Fewer NICU admission for respiratory disease in the The mean nadir glucose level in babies was signifi- Not reported
2019%° ACS exposed group compared to the control cantly lower in the corticosteroid group compared
group (3.3% vs 20%, p=.046) to those in the control group (2.37 mmol/L vs
2.79 mmol/L; P=.014).
The incidence of neonatal hypoglycemia was greater
in the corticosteroid group than in the control
group but this was not statistically significant
(60.0% vs 36.7%, P=.07).
Raj-Derouin et al. The prevalence of RDS and TTN as well as the rates The proportion of neonatal hypoglycaemia in the ACS Not reported

2023%

Said JM et al.
2023%

Thevathasan | et
al. 2022%

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

of CPAP use were similar between the 2 groups
(21% ACS exposed vs 24% non-exposed,
p=0.907, aOR= 1.11 CI: 0.56—2.19). No neo-
nates required intubation.

All 4 infants (7.8%) who required respiratory sup-
port for greater than 4 hours were in the placebo
group.

One infant allocated to betamethasone (4.2%) and
5 infants allocated to placebo (18.5%) had respi-
ratory morbidity requiring respiratory support for
at least 60 minutes. (No statistical tests were
applied as this was a feasibility study)

There were no differences in the proportion of
infants requiring respiratory support; however,
there was a non-statistically significant reduction
in the requirement for nursery admission and
respiratory support in ACS-exposed infants born
prior to 38+0 weeks compared to those who
were not exposed.

. Respiratory distress requiring respiratory support
at 36+0 to 36+6 weeks

ACS exposed: 3/21 (14.3%) vs ACS unexposed 7/

30 (23.3%) OR 0.55; 95% Cl 0.12—2.42 p=.427

2. Respiratory distress requiring respiratory support

at 37+0 to 37+6 weeks

ACS exposed: 2/36 (5.5%) vs ACS unexposed 9/92

(9.8%) OR 0.54; 95% Cl 0.11—2.64 p=.449

—_

group was significantly higher compared to those
without ACS exposure (40.2% vs.23.2%, p-value
<.05). This relationship

remained adjusting for predefined covariates
(OR=2.23,

Cl: 1.14, 4.35). Of the neonates who experience
hypoglycemia, those exposed to ACS were more
likely to require treatment for hypoglycemia
(40.3% vs.22.4%, p<.05; 0R=2.34, CI: 1.10,
4.97).

Hypoglycaemia (any blood glucose <2.6mmol/L)
occurred in 9/24 in the Betamethasone group
(37.5%) and 12/27 in the placebo group (44.4%)

Neonates exposed to ACS who were born prior to 37
+0 weeks were less likely to require parenteral
treatment for neonatal hypoglycaemia; however,
those born after 37+0 weeks were more likely to
require parenteral treatment for neonatal hypogly-
caemia, but these findings were not statistically
significant

. Hypoglycaemia requiring parenteral therapy at 36
+0 to 36+6 weeks

ACS exposed: 11/21 (52.4%) vs ACS unexposed 22/

30 (73.3%) OR 0.40; 95% Cl 0.12-1.30 p=.127

2. Hypoglycaemia requiring parenteral therapy at 37

+0 to 37+6 weeks

ACS exposed: 17/36 (47.2%) vs ACS unexposed 39/

92 (42.4%) OR 1.22; 95% Cl 0.56 -2.64 p=.621

3. Hypoglycaemia requiring parenteral therapy at 38

+0 to 38+6 weeks

ACS exposed: 3/8 (37.5%) vs ACS unexposed 23/

119 (19.3%) OR 2.50; 95% Cl 0.56 -11.25 p=.231

—_

Women who received betamethasone
were more likely to require additional
insulin to manage hyperglycemia 12/
22, 54.5%) compared with women who
received the placebo (4/25, 16.0%).

The highest median blood glucose
between study drug administration and
caesarean section was greater in
women exposed to betamethasone
(8.5, 1R 8.30 - 10.70) compared to
those who received placebo (7.60, IQR
6.70-8.60)

Not reported

(continued)
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TABLE 2

Summary of maternal and neonatal outcomes after ACS exposure (continued)

association with ACS.

associated with ACS exposure

syndrome; TTN, transient tachypnoea of the newborn.

Authors Neonatal respiratory morbidity Neonatal hypoglycaemia Maternal Hyperglycemia
Tuohy et al. Not reported Hypoglycaemia occurred in 46% (331/713) of Following an initial course of ACS, 92% of
2021% babies, and was severe in 27% (193/713) and women were hyperglycaemic at a
recurrent in 11% (77/713), while 6% (43/713) threshold of 7 mmol/L, 83% at a
developed hyperglycemia. The majority of babies threshold of 8 mmol/L, 52% at a
who developed hypoglycemia did so within 2 h of threshold of 10 mmol/L and 35% ata
birth (75%). threshold of 11 mmol/L
Uquillas et al. Not reported Neonatal hypoglycaemia in the pregnancies that Not reported
2020% received betamethasone was not increased if the
mother was diagnosed with gestational diabetes
(a OR 0.39, 95% Cl 0.09—1.61, p=.19) or was
taking insulin (aOR 1.22, 95% CI 0.09
—16.12, p=.88).
* Adjusted for birth weight and gestational age
Weydig HM et al. In women with diabetes without hypertension, Not reported Not reported
2022% surfactant administration was not less frequent

following ACS exposure (P=.67). However, the
sample size was insufficient to rule out an

In the group of patients with diabetes and
hypertensive disorders), surfactant
administration was independently

(aOR 0.29, Cl 0.12—0.71, P=.007)

ACS, antenatal corticosteroids; DM, diabetes mellitus; GA, gestational age; GDM, gestational diabetes; NICU, neonatal intensive care unit; PGDM, pregestational diabetes; RDS, respiratory distress

Atallah. Maternal and neonatal outcomes following antenatal corticosteroids in pregnancies complicated by diabetes: a scoping review. AJOG Glob Rep 2024.

observational studies. There was consid-
erable heterogeneity in the clinical set-
tings, study populations, type of
corticosteroid and timing between
administration and delivery.

Neonatal respiratory morbidity
Neonatal respiratory morbidity was
reported in 13 studies.'®*>*>**7>*¢ Of
these 13 studies, 2 investigated the
impact of ACS on respiratory morbidity
in neonates born prior to 33*¢ weeks’
gestation'”® and the remaining 11 stud-
ies included gestations beyond 34
weeks,'»?022%2535 Table 2 presents a
summary of the findings of these studies.
Both studies investigating the associ-
ation between ACS administration and
respiratory morbidity in the early pre-
term period presented results from a
wider cohort of women with and with-
out diabetes in pregnancy but also pre-
sented sub-group analysis of this
association in those with diabetes.'”*
Notably, both studies investigating the
effects of ACS in this early gestational
period, consistently reported no statisti-
cally significant reduction in neonatal
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respiratory morbidity following ACS
exposure in sub-groups of women with
diabetes in pregnancy.'**®

None of the studies that investigated
ACS administration during the late pre-
term and term periods reported a signif-
icant reduction in the prevalence of
neonatal respiratory morbidity. Theva-
thasan et al.”” reported no differences in
the proportion of infants born by
planned cesarean section to women
with PGDM requiring respiratory sup-
port in those who were exposed to ACS
compared to those who were not
exposed at 367°-36"° weeks (OR 0.55;
95% CI0.12 — 2.42) or 37*%-37"° weeks
(OR 0.54: 95% CI 0.11-2.64). Cassimatis
et al. reported a non-significant increase
in composite respiratory morbidity in
ACS-exposed neonates born to women
with PGDM (50% vs 25%; p=.066) who
were not exposed to ACS.*’

Neonatal hypoglycemia

This review identified 14 studies that
reported on neonatal hypoglycemia
after ACS exposure in women with dia-
betes (Table 2).'82023262835 (Of thege

14 studies, 6 studies observed an
increased incidence of neonatal hypo-
glycemia in pregnancies complicated by
diabetes following administration of
ACS. #2873 The extent of this
increase varied between these studies
with Raj-Derouin et al. reporting that
neonatal hypoglycemia was significantly
higher in ACS exposed neonates com-
pared to those unexposed (40.2% vs
232% p<.05)’" whereas Gyamfi-Ban-
nerman et al. reported that while GDM
was associated with hypoglycemia (OR:
1.80, 95% CI: 1.25—2.59), the frequency
of treatment for hypoglycemia was sim-
ilar between the ACS and placebo
groups (41.1% vs 35.2%, RR 1.17, 0.87
—1.57).”> Although the retrospective
cohort study by Uquillas et al. reported
a significant increase in neonatal hypo-
glycemia in ACS-exposed neonates,
sensitivity  analysis  identified that
maternal GDM did not increase the
likelihood of this outcome.™

There were 4 studies that reported
similar incidences in hypoglycemia
between ACS exposed and unexposed
groups with diabetes.”%*>*>"?
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Maternal hyperglycemia
Maternal hyperglycemia was described
as a key outcome in 5 of the included
studies (Table 2).2#?>*7*%3* Thege stud-
ies unanimously reported increases in
maternal hyperglycemia amongst ACS
exposed women with resulting increases
in insulin requirements. Notably,
Kakoulidis et al.”” reported that
increased insulin requirements corre-
lated with dosage of ACS (p=.014).
This review identified 12 studies
22202834 that reported on more than
one of the outcomes outlined above.
There were 11 studies'®*%*>*>** that
reported on both neonatal respiratory
morbidity and neonatal hypoglycemia.
Of these, 4 studies'******* reported no
significant difference in either outcome
in ACS exposed neonates. Conversely,
there were 5 studies’"*****" that
reported no difference in respiratory
morbidity but demonstrated an
increased in neonatal hypoglycemia
after ACS exposure. There was one
study that reported a decrease in respi-
ratory morbidity and an increase in
neonatal hypoglycemia in exposed
neonates.”’

18,20-

Other neonatal outcomes

This review identified other neonatal
outcomes that were reported in tandem
with neonatal hypoglycemia and respi-
ratory morbidity. Of the 19 included
studies, 11 studies'®*"*>202%
*>*reported on neonatal intensive care
unit (NICU) admission with 2 of these
studies reporting on admissions specifi-
cally for neonatal hypoglycemia®>*” and
2 studies reporting on NICU admission
for respiratory disease.”*’’ The majority
of studies that reported on NICU
admission regardless of the indication
found no significant difference between
the proportion of ACS exposed and
unexposed  neonates who  were
admitted.”"**'>* Conversely, 2 studies
reported an increase in the risk of
NICU admission after ACS
exposure.' > Ali et al. '® reported a
slight increase in this risk (OR 1.46
(1.04—2.03)) whilst Li et al. ** reported
a significant increase in this risk regard-
less of the timing between ACS admin-
istration and birth (p=.023).

Similarly, there were studies that
reported on the length of neonatal hos-
pital stay.”%*"*>2%%323> Notably, 5 out
of the 7 studies reported no significant
difference in length of stay between
ACS  exposed and  unexposed
neonates.”””"***>*>  Gyamfi-Banner-
man and colleagues™ reported that
median length of nursery stay was
shorter for neonates who were exposed
to betamethasone (7 days, interquartile
range [IQR: 3—11] vs 8 days, [IQR: 4
—12], p=.01). However, this outcome
was reported based on pregnancies with
and without diabetes and data for
women with diabetes was not separated
for this outcome.

Discussion

This review aimed to summarise the lit-
erature surrounding maternal and neo-
natal outcomes of ACS administration
in women with diabetes. The systematic
search identified 19 publications that
provided relevant data pertaining to
neonatal and maternal outcomes fol-
lowing ACS administration to women
with diabetes in pregnancy. While we
have summarised the observations from
multiple published sources, the signifi-
cant heterogeneity across the included
study settings meant that robust conclu-
sions could not be made due to the pau-
city of available data.

Neonatal respiratory morbidity

Randomized controlled trials in preg-
nancies not complicated by diabetes
have demonstrated a reduction in the
prevalence of RDS in neonates born
preterm following ACS." As such, clini-
cal guidelines unanimously recommend
ACS administration to women at risk of
delivering pre-term, extrapolating this
recommendation to include women
with diabetes''” However, it is evident
from this review, that there is a paucity
of randomized controlled trials investi-
gating the outcomes of neonates born
to mothers with diabetes. Of the 2 ran-
domized trials included in this review,
including just 283> and, 47°” partici-
pants with diabetes, only one reported
on neonatal respiratory outcomes’” and
was underpowered to identify a reduc-
tion in neonatal respiratory morbidity

in ACS exposed infants. It is noteworthy
that while not all randomized controlled
trials of ACS excluded participants with
diabetes, this subgroup usually com-
prised only a small proportion of partic-
ipants and subgroup analysis was often
not provided (see Supplementary Table
2).

The majority of retrospective studies
reported no statistically significant
reduction in neonatal respiratory mor-
bidity following ACS in infants born to
women with diabetes'®'******1** how-
ever, Cassimatis et al. reported that
babies born to women exposed to beta-
methasone in the late preterm period
(n=18) experienced greater incidence of
composite respiratory morbidity (50 vs
25%, P=.066) compared to babies born
to women with diabetes who were not
exposed (n=36).”° This was the only
study in our review to suggest an
increase in neonatal respiratory mor-
bidity amongst babies born to women
with diabetes who were exposed to
ACS. It is notable that the majority of
studies reporting on neonatal respira-
tory morbidity in this review are retro-
spective (12/13, 92%), and (8/12, 66%)
have small sample sizes (fewer than
150) of women with diabetes who were
exposed to ACS' %27 2731333¢ thereby
limiting the conclusions regarding the
efficacy of ACS in preventing neonatal
respiratory morbidity.

Studies reporting neonatal respira-
tory morbidity rates included in this
review may be influenced by several
confounding factors. Notably, the
incidence of respiratory morbidity
decreases with advancing gestation.”’
The benefit of corticosteroids for respi-
ratory outcomes, particularly in the late
preterm and term periods remains con-
tentious and is the subject of ongoing
randomized trials.

Neonatal hypoglycemia

Overall, this review found that of the
14 studies that reported on neonatal
glycaemic outcomes, only 5 (36%)
supported the notion that neonates
born to women exposed to ACS
have  an  increased  incidence
of hypoglycemia.”"*****"  Gyamfi-
Bannerman reported that neonatal
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hypoglycemia was more likely to
occur in infants born to ACS exposed
mothers in a population of more than
2800 women including 306 women
with GDM (RR: 1.60; 95% CI, 1.37 to
1.87; P<0.001)." These findings
incited further studies of ACS to
explore neonatal hypoglycemia as an
outcome. Notably, the findings of this
review align with the results from
studies investigating neonatal hypo-
glycemia after ACS in pregnancies
not complicated by diabetes.”®"’

Considering the  well-established
association between maternal diabetes
and neonatal hypoglycemia,"”*' the
findings  that maternal diabetes
increased the risk of neonatal hypogly-
cemia in ACS exposed neonates are not
surprising. However, it is important to
note that the results from these studies
may be influenced by the severity of
maternal diabetes and by the heteroge-
neity of maternal glycaemic manage-
ment both prior to and following ACS
administration.

Notably, the study by Uquillas et al.””
was the only study that found that babies
born to women with diabetes were less
likely to experience hypoglycemia after
ACS exposure. It is important to note that
there were only 39 women with GDM in
this subgroup and only 11 of these
women received ACS. Moreover, only 3
of the included women with GDM who
received ACS managed their diabetes
with insulin. As a result of this small sam-
ple size and the milder nature of diabetes
included, extreme caution must be exer-
cised in interpreting these data.

Importantly, given the serious
sequelae associated with neonatal hypo-
glycemia including neurodevelopmental
consequences’” these findings highlight
an urgent need for further research
evaluating this risk with consideration
to the underlying severity and manage-
ment of maternal diabetes following
ACS administration.

Maternal Hyperglycemia

The small number of studies included in
this review that investigated maternal
hyperglycemia as an outcome following
ACS exposure identifies a significant
gap in the published literature. The
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studies that did explore this outcome
unanimously reported that hyperglyce-
mia was common amongst women
receiving ACS, regardless of diabetes
status.”*”>?*>** These findings align
with current guidelines which recom-
mend glucose monitoring after ACS
exposure for women with diabetes;'”
however, these guidelines are limited in
their recommendations for the manage-
ment of diabetes after administration of
ACS due to the paucity of data sur-
rounding glycaemic changes in diabetic
women when receiving ACS.

The PRECeDe Pilot Trial was a tri-
ple-blind placebo-controlled, random-
ized controlled trial that reported on
the effect of ACS exclusively in women
with diabetes and investigated both
neonatal and maternal glycaemic out-
comes. Notably, 12 out of the 22 partici-
pants exposed to betamethasone
required additional insulin after expo-
sure and the highest maternal blood
glucose reported was higher in the ACS
exposed group (8.95mmol/L (IQR 8.30-
10.70)) compared to the placebo
exposed group (7.60mmol/L (IQR 6.70-
8.60)).”

Several protocols for management of
maternal glycaemia following adminis-
tration of ACS have been published but
these are not used consistently and
exhibit considerable heterogeneity. Kau-
shal et al.*’ and Rowe et al.** established
protocols for the administration of
intravenous insulin to manage the onset
of hyperglycemia, yet many protocols
describing the use of subcutaneous
insulin have also been described.”’
Importantly, none of these protocols
have been incorporated into national or
international guidelines regarding ACS
administration in women with diabe-
tes.'*"” This lack of consensus regarding
management protocols coupled with the
paucity of studies specifically investigat-
ing the impact of ACS on maternal gly-
caemia in women with diabetes
reinforces the need for the collection of
comprehensive glucose data from ACS
exposed women in this population.

Strengths and limitations
This review addresses a significant gap
in the published literature, calling

to attention the urgent need for high
quality randomized controlled trials
designed to explore the impact of ACS
specifically on women with diabetes
and their babies. The findings of this
review are consistent with the findings
from the 2020 Cochrane review which
noted the limited data available regard-
ing the risks and benefits of ACS in
high-risk obstetric groups such as
women with diabetes in pregnancy.' A
key strength of this review is the use of
a thorough systematic search of 2 data-
bases to ensure the literature screened
provided a holistic representation of the
published literature in this field. Addi-
tionally, the specific inclusion and
exclusion criteria used, particularly the
exclusion of studies that did not con-
duct specific subgroup analysis on those
with diabetes, ensured that bias in the
results was reduced.

This review was limited by the pau-
city of literature investigating ACS in
women with diabetes (and their babies)
and hence, many studies included only
a very small number of participants
with diabetes and therefore lacked suffi-
cient power to make robust conclusions.
Moreover, with only 2 randomized tri-
als included in this review, the majority
of studies are influenced by confound-
ing due to their retrospective nature.
Notably, the nature of the reporting of
in the results of many of the included
studies did not provide sufficient data
for further analysis, particularly pertain-
ing to included sub-groups with diabe-
tes. As a result, it is difficult to
generalise these findings to all women
with diabetes in pregnancy. This under-
lines the importance of making data for
all studies of corticosteroids in diabetes
publicly available to allow for further
analysis in future reviews.

Conclusion

This review ultimately concludes that
there are insufficient data regarding the
risks and benefits of ACS administra-
tion in pregnancies complicated by dia-
betes. Whilst the neonatal outcomes
pertaining to respiratory morbidity and
hypoglycemia have been reported to
some extent by the published literature,
with varying conclusions, there is
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evident discrepancy between studies
and no clear evidence of benefit — in
contrast to the overwhelming evidence
in pregnancies without diabetes. Nota-
bly, this review identified a specific gap
in the reporting of maternal hyperglyce-
mia following ACS which appears to
have been under-investigated in the
published literature. Overall, this pau-
city of comprehensive data pertaining
to neonatal and maternal outcomes
after ACS in pregnancies complicated
by diabetes highlights the urgent need
for high quality randomized controlled
trials to ensure well informed clinical
practice for these women and their
infants. = The  PRECeDe  Trial
(ACTRN12623000015640) has been
designed to address the knowledge gap
in relation to ACS for women with dia-
betes undergoing planned caesarean
section during the late preterm and
term period. Given the rising rates of
diabetes in pregnancy, further studies
are required to investigate the efficacy
of ACS in the early preterm period to
ensure that the benefits of this therapy
do outweigh the risks in women with
diabetes. [ |
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