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A B S T R A C T

There is evidence to support the use of antenatal corticosteroids prior to late preterm birth at 35+0 to 36+6

weeks' gestation and for specific ‘at-risk’ populations, such as planned cesarean section birth and infants of
women with diabetes in pregnancy, to reduce short-term neonatal respiratory morbidity. However, the overall
size of effect at late preterm and term gestational ages is less than for early and moderate preterm birth and
should be countered against the potential harms. Evidence from randomized trials suggest an increase in the
incidence of neonatal hypoglycemia after corticosteroid use prior to late preterm birth; any effect of antenatal
corticosteroids on neonatal glycemic control after planned cesarean section birth or for infants born to mothers
with diabetes in pregnancy is unknown. Accumulating evidence suggests neonatal hypoglycemia may adversely
affect childhood development. To date, no trials of antenatal corticosteroids after 34 weeks' gestation have
reliably assessed outcomes beyond the neonatal period.

1. Introduction

There is no doubt that the administration of antenatal corticoster-
oids (ACS) to mothers prior to preterm birth is seen as one of the single
greatest advances in perinatal medicine. A large body of evidence from
multiple randomized controlled trials (RCTs) supports the administra-
tion of ACS prior to early preterm birth to reduce perinatal death, re-
spiratory distress syndrome (RDS) and other measures of neonatal ad-
verse outcome [1] with little or no evidence of later harm [2–6].
Clinical practice guidelines recommend their use as standard, where
possible, for all women deemed to be at imminent and very high risk of
early preterm birth regardless of the reason or indication for birth or the
planned mode of birth [7–11].

What is less clear is if their use at late preterm gestational ages
(35+0 to 36+6 weeks) and for specific ‘at-risk’ populations, such as
planned cesarean section birth and infants of women with diabetes in
pregnancy, provides benefit without harm; simply extrapolating evi-
dence from early preterm birth is not sufficient. The individual risk of
harm as a consequence of these scenarios is significantly lower than for
early preterm birth and hence the balance of benefit versus risk of ACS
needs to be carefully reconsidered for each scenario. The absolute
number of women giving birth at late preterm gestational ages and in
these at-risk groups represent a significant proportion of the population
and hence a significant proportion of infants born have the potential to
gain benefit from, or be harmed by, this intervention.

ACS are likely to provide benefit to infants by reducing short-term
respiratory morbidity often reported as RDS and transient tachypnoea
of the newborn (TTN). Late preterm and term babies rarely die from
this respiratory morbidity [12] but do require admission to the neonatal
unit for respiratory support resulting in separation of the mother and
her baby and the subsequent potential impact on bonding and breast-
feeding [13]. However, ACS may also cause harm, highlighted by the
recent unanticipated finding of an increased risk of neonatal hypogly-
cemia in a large RCT of ACS prior to late preterm birth [14]. An effect of
ACS exposure on neonatal glycemic control is physiologically plausible.
It has been shown that antenatal betamethasone results in elevated
concentrations of betamethasone and decreased concentrations of cor-
tisol in cord blood at birth, suggesting suppression of fetal hypotha-
lamic-pituitary-adrenal function, and this persists for up to seven days
[15,16]. In addition, higher cord blood glucose and C-peptide levels
suggests these fetuses are at risk of hyperinsulinemia at birth and
consequent hypoglycemia in the early newborn period [17], with the
potential need for admission to the neonatal unit for treatment and
possible longer-term adverse effects on neurodevelopment.

1.1. Neonatal respiratory morbidity and hypoglycemia after 34 weeks’
gestation

1.1.1. Late preterm birth
Preterm birth accounts for approximately 11% of all births
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worldwide and almost 9% of all births in developed countries [18].
Approximately three quarters of these will occur at 34–37 weeks' ge-
station due to both spontaneous and medically indicated preterm birth.
Respiratory morbidity as a consequence of immature alveolar type II
pneumocycte cells and a lack of surfactant production is a well-re-
cognised complication of prematurity. Although this is usually less se-
vere after late preterm birth it continues to pose a risk [19–23]. In the
prospective UK population based Late and Moderately Preterm Birth
Study (LAMBS), neonatal outcomes of infants born at 34+0 to 36+6

weeks’ gestation were compared to infants born at term [22]. Of those
infants born at late preterm gestations, 8.4% (66/785) required some
form of ventilation and/or non-invasive respiratory support compared
to only 0.9% (9/972) after a term birth. Those that required support at
late preterm gestations were not solely at the mild end of the spectrum;
indeed 73% (48/66) required some mechanical ventilation and 29%
(19/66) required endotracheal intubation at birth [22].

Estimating an accurate risk of hypoglycemia is difficult due to
variations in its definition; the populations in which it is reported; and
the reliability in the methods used and frequency of blood glucose
concentration testing after birth. Rates of hypoglycemia in the term
population have been reported to be 10% (hypoglycemia defined by a
blood glucose concentration<2.2mmol/L [< 40mg/dL]) in a general
population within the first 12 h of life [24] and 14% (hypoglycemia
defined by a blood glucose concentration< 2.6mmol/L [< 47mg/
dL]) in appropriately grown babies born to mothers without diabetes
within the first four days of life [25]. Babies born preterm are at in-
creased risk of hypoglycemia compared to their term counterparts and
recent evidence shows this remains true for those born at late preterm
gestations. The Sugar Babies Study [26] included 193 babies born at
35–37 weeks' gestation who underwent standard blood glucose con-
centration measurements using a glucose oxidase method of testing
with samples taken one hour after birth and then 3 to 4 hourly in the
first 24 h and 3 to 8 hourly for the next 24 h. Hypoglycemia was defined
as a blood glucose concentration< 2.6mmol/L and occurred in 54%
(103/193) of infants; there were a total of 155 hypoglycaemic events
and 80% (124) of these occurred within the first 24 h of life [26]. These
findings are further supported by the LAMBS study in which blood
glucose concentrations were only performed and reported as part of
standard clinical care but a significant increase was seen in the in-
cidence of more severe hypoglycemia (defined by blood glucose con-
centration< 2.2mmol/L [< 40mg/dL]) in those born at 34+0 to 36+6

weeks’ gestation compared to term births, 5.7% (45/785) and 0.9% (9/
972) respectively [22].

1.1.2. Planned cesarean section birth
The rate of birth by cesarean section continues to increase globally

with an average annual increase of 3.7% from 2000 to 2015 [27]. By
2015 almost 30 million babies (21% of all births) worldwide were born
by cesarean section. Increases have predominantly been driven by
rising rates of planned or elective cesarean section rather than an in-
crease in emergency cesarean section after the onset of labour [27,28].
In most developed countries more than half of all cesarean section
births are now planned prior to labour. Previous cesarean section is a
major indication for planned cesarean section birth, and so although
there may be some stabilisation or even a slight decrease in cesarean
section rates in some countries, future reductions will take time to
impact on overall rates due to the majority of women with a previous
cesarean section opting for a repeat procedure. Hence, we currently
face approximately one in ten births in developed countries being by
planned cesarean section at or close to term.

Birth by planned cesarean section provides some protection for the
infant but also poses additional risk. Labour provides both mechanical
and hormonal stimuli to enhance fluid reabsorption in the infant lung.
When birth is by cesarean section prior to the onset of labour, infants do
not receive these stimuli and this results in an increase in respiratory
morbidity, most commonly as TTN [29].

Neonatal respiratory morbidity after birth by prelabour planned
cesarean section is increased seven-fold compared with infants born
vaginally and three-fold compared with infants born by cesarean sec-
tion once labour has established [30,31]. This increased risk remains
present at early term gestations (Table 1) and increases with decreasing
gestational age [31–33]. Hence national clinical practice guidelines
recommend that elective cesarean section, where possible, should be
planned at ≥39+0 weeks [8,9,34]. However, there are indications
when late preterm or early term planned cesarean section is required on
maternal and/or fetal grounds and, planned cesarean section at 39+0 to
39+6 weeks still imposes an almost two-fold increase in neonatal re-
spiratory morbidity [32].

There are very limited data regarding the effect of cesarean section
on the incidence of hypoglycemia and whether cesarean section im-
poses additional risk. Only two small studies have made comparisons of
the incidence of hypoglycemia after cesarean section and vaginal birth
(n= 60 [35] and n= 10036). Mean blood glucose concentrations were
lower in babies born by cesarean section and rates of hypoglycemia
were higher, 20% versus 14% (hypoglycemia defined by a blood glu-
cose concentration<2.2mmol/L [< 40mg/dL]) [36]. There are a
number of reasons that infants born by planned cesarean section may be
at risk of lower blood glucose concentration including confounding
factors such as higher rates of large for gestational age in those un-
dergoing cesarean section and delay in first feed after operative de-
livery, but it is also possible that the activation of catecholamines sti-
mulated by labour and vaginal birth is absent and hence
gluconeogenesis is delayed after cesarean section.

1.1.3. Infants of women with diabetes in pregnancy
Over recent years the rates of diabetes in pregnancy, both pre-ge-

stational and gestational, have risen significantly [37,38]. This is likely
to reflect the changing demographic and risk profile of the pregnant
population with increasing maternal age and body mass index, as well
as shifts in the criteria to define diabetes in pregnancy. Rates of diabetes
in pregnancy vary across hospitals, regions and countries reflecting the
risk profile of the population. Within Europe, reported prevalence rates
are approximately 5% [39] but are now up to 10% in countries such as
the United States and Australia [40,41].

It has long been known that neonatal respiratory morbidity is more
common in infants born to mothers with diabetes. There are a number
of potential confounding factors including the need for earlier birth due
to other risks associated with diabetes and co-morbidities such as pre-
eclampsia and higher rates of cesarean section birth for women with
diabetes that may explain this association. However, it is also likely that
maternal diabetes directly affects newborn respiratory function. There
is evidence to suggest that poor control of diabetes with fetal hy-
perglycemia and hyperinsulinemia delays maturation of alveolar type II
pneumocycte cells and hence reduces surfactant production, effectively

Table 1
Neonatal respiratory morbidity in term babies after planned cesarean section
compared to intended vaginal birth [32].

Gestational age Respiratory morbiditya Adjusted odds ratiob

(95% confidence
interval)Planned

cesarean section
Intended
vaginal delivery

37 weeks 26 (10.0%) 49 (2.8%) 3.7 (2.2–6.1)
38 weeks 60 (5.1%) 68 (1.7%) 3.0 (2.1–4.4)
39 weeks 23 (2.1%) 89 (1.1%) 1.9 (1.2–3.0)
40 weeks 2 (1.5%) 180 (1.6%) 0.9 (0.2–3.7)

Data are number (percentage).
a Respiratory morbidity includes transient tachypnea of the newborn, re-

spiratory distress syndrome and persistent pulmonary hypertension of the
newborn.

b Adjusted for smoking, alcohol intake, parity, body mass index, marital
status, maternal age and years of schooling.

K.M. Groom Seminars in Fetal and Neonatal Medicine 24 (2019) 189–196

190



mimicking the preterm lung [42,43]. In addition hyperinsulinemia may
cause relative fetal cardiac hypertrophy [44,45] leading to a degree of
left ventricular outflow obstruction, poor cardiac output, congestive
cardiac failure and respiratory morbidity after birth. Several retro-
spective series have reported increased rates of neonatal respiratory
morbidity for infants of mothers with pre-gestational and gestational
diabetes in comparison to women without diabetes [46,47]. The largest
of these studies to date reports on pregnancy outcomes from a French
cohort of over 18,000 singleton births at or after 34 weeks, of which
11.1% had diet-controlled diabetes and 3.4% had insulin-treated dia-
betes [44]. The rates of respiratory morbidity were 2.2%, 2.1% and
5.7% for those without diabetes, with diet-controlled diabetes and with
insulin-treated diabetes respectively. Insulin-treated diabetes sig-
nificantly increased the risk of respiratory distress at late preterm and
term gestational ages, independent of gestational age and mode of
birth, adjusted incidence rate ratio (RR) 1.44 (95% confidence interval
[CI] 1.00, 2.08) [44].

Diabetes and maternal hyperglycemia results in an increased
transfer of glucose across the placenta with subsequent fetal hy-
perglycemia and fetal hyperinsulinemia. At the time of birth and oc-
clusion of the umbilical cord the newborn is no longer exposed to the
maternal glucose supply but hyperinsulinemia persists causing a tran-
sient but sometimes profound fall in blood glucose concentration.
Neonatal hypoglycemia is thus a common complication for infants born
to mothers with diabetes. Systematic testing within the Sugar Babies
Study including 199 babies born to mothers with diabetes at ≥35
weeks quantified the incidence of hypoglycemia (defined by a blood
glucose concentration< 2.6mmol/L [< 47mg/dL]) as 48% and of
severe hypoglycemia (defined by a blood glucose concentration
≤2.0mmol/L [≤36mg/dL]) as 19% within the first 48 h of life [26].

1.1.4. Consequences of neonatal hypoglycemia
Birth at late preterm gestational age, by prelabour planned cesarean

section or after pregnancy complicated by maternal diabetes sig-
nificantly increases the risk of neonatal respiratory morbidity and hence
researchers and clinicians have proposed the potential benefit of ACS,
known to be effective at early preterm gestational ages. However, it also
seems clear that these clinical scenarios increase the risk of neonatal
hypoglycemia which may be further exacerbated by the use of ACS,
thus creating two opposing effects where the balance of risk and benefit
needs to be closely considered.

Despite neonatal hypoglycemia being the most common newborn

metabolic condition there has been much debate not only on its
threshold for definition, but also on the appropriate level of monitoring
and treatment [48]. This seems to be predominantly due to a lack of
knowledge on the long-term adverse effects and whether indeed there
are any. However, neonatal hypoglycemia results in neuroglycopenia at
a time when metabolic activity is high in the developing brain and so
risk of injury and long-term effect is real. Hypoglycemia has been as-
sociated with a variety of brain abnormalities seen on ultrasound and
MRI [49] and accumulating evidence now suggests that even transient
and treated neonatal hypoglycemia may be associated with adverse
childhood outcomes. It was the only common neonatal morbidity, in-
cluding comparison with respiratory morbidity, in the Dutch Long-
itudinal Preterm Outcome Project (LOLLIPOP) of moderate preterm
children (born at 32+0 to 35+6 weeks) to be associated with develop-
mental delay at four years of age [50]. A recent systematic review and
meta-analysis by Shah and colleagues has identified this cohort and a
further nine cohort studies comparing the outcomes of ‘at-risk’ infants
(preterm, late preterm, small for gestational age, large for gestational
age, mothers with diabetes) for those exposed and unexposed to neo-
natal hypoglycemia [51]. Conclusions are limited due to the variety of
inclusions; degree of glucose monitoring; definition of hypoglycemia
(ranging from ≤1.11mmol/L [≤20mg/dL]to<2.6mmol/L
[< 47mg/dL]); and quality and timing of follow-up. Although neo-
natal hypoglycemia was not associated with impaired neurodevelop-
ment at 2–5 years or 6–11 years, significant effects on visual-motor
function and executive function in early childhood and on language/
literacy in mid-childhood [51] (Table 2) warrant on-going attention
and consideration.

The Children with Hypoglycaemia and their Later Development
(CHYLD) study is the only prospective cohort study of infants born after
32 weeks and at risk of hypoglycemia to include routine gold standard
blood glucose concentration measurements with standardised treat-
ment for hypoglycemia (blood glucose concentration<2.6mmol/L
[< 47mg/dL]) and standardised developmental assessments at two
[52] and 4.5 years of age [53]. At both time-points hypoglycemia had
no effect on a composite outcome of neurosensory impairment. How-
ever by 4.5 years in assessment of 473 children (78.7% of initial study
group), children in the lowest quintile for mean and maximum inter-
stitial blood glucose concentrations in the first 12 h had an increased
risk of neurosensory impairment and all exposed to hypoglycemia had a
greater risk of low executive function (executive function z-score
below −1.5: 10.6% (29/273) after hypoglycemia and 4.7% (9/190) in

Table 2
Neonatal hypoglycemia and later neurodevelopmental outcome [51].

Outcome Number of studies/
infants

Rate for exposed vs unexposed to neonatal
hypoglycemia

Exposure effect odds ratio (95% confidence
interval)

Early childhood (2–5 years)
Neurodevelopmental impairment 6/1657 25.8% vs 16.6% 1.16 (0.86–1.57)
Visual-motor impairment 2/508 4.6% vs 1.5% 3.46 (1.13–10.57)
Executive dysfunction 1/463 10.6% vs 4.7% 2.50 (1.20–5.22)
Any cognitive impairment 3/746 15.4% vs 15.9% 1.11 (0.73–1.69)
Mild cognitive impairment 3/746 12.8% vs 13.7% 0.86 (0.55–1.35)
Moderate/severe cognitive impairment 3/746 2.6% vs 2.1% 1.57 (0.55–4.48)
Epilepsy 4/772 4.2% vs 2.1% 1.93 (0.76–4.85)
Emotional behavioural difficulties 3/587 18.9% vs 19.0% 1.00 (0.66–1.53)
Visual impairment 2/616 5.0% vs 1.7% 2.14 (0.70–6.53)
Hearing impairment 1/477 0% vs 0.5% 0.23 (0.01–5.76)
Motor impairment 4/777 17.5% vs 17.8% 1.06 (0.70–1.60
Cerebral palsy 1/401 0.9% vs 1.1% 0.81 (0.11–6.07)
Mid-childhood (6–11 years)
Neurodevelopmental impairment 2/54 47.8% vs 22.6% 3.62 (1.05–12.42)
Emotional behavioural difficulties 1/28 30.8% vs 6.7% 6.22 (0.60–64.97)
Motor impairment 1/28 15.4% vs 13.3% 1.18 (0.14–9.83)
Low language/literacy 1/1395 67.4% vs 43.0% 2.04 (1.20–3.47)
Low numeracy 1/1395 53.9% vs 34.0% 2.04 (1.21–3.44)

All studies included in this systematic review and meta-analysis were graded as low/very low quality evidence.
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those with no hypoglycemia (adjusted RR 2.32, 95% CI 1.17, 4.59) and
low visual-motor function (visual motor integration score< 85: 4.7%
(13/277) after hypoglycemia and 1.5% (3/194) in those with no hy-
poglycemia (adjusted RR 3.67, 95% CI 1.15, 11.69) with a dose de-
pendent effect by severity and number of episodes of hypoglycemia
[53]. Ongoing assessment of this cohort will continue to provide further
insight into later childhood and adolescent effects of neonatal hy-
poglycemia.

1.2. The role of antenatal corticosteroids after 34 weeks’ gestation

In his attempts to describe the physiology of parturition in Auckland
in the 1960s Sir Graham “Mont” Liggins serendipitously observed
partial aeration of the lungs in lambs born at the equivalent of 32
weeks’ gestation after receiving treatment with dexamethasone [54].
He theorised that this may have occurred as the result of accelerated
surfactant activity. This has since been confirmed in further studies
suggesting corticosteroids enhance alveolar type II pneumocycte cell
maturation to increase surfactant production and in addition improve
anti-oxidant activity and reduce pro-inflammatory cytokine production
to promote lung maturity [55].

By the early 1970s Liggins and Howie had confirmed the clinical
significance of this finding in the first in human placebo-controlled
clinical trial [56] but sadly it was many years later and many more
clinical trials confirming the findings of this original trial until there
was a significant global change in practice for early preterm birth. We
now have clear and accepted evidence that ACS prior to preterm birth,
regardless of mode of birth, reduces perinatal death and neonatal death;
and the most serious adverse outcomes related to prematurity including
RDS, intraventricular hemorrhage, necrotizing enterocolitis, and early
systemic infection [1] with no evidence of later harm to the infant or to
the mother [2–6]. The majority of trials included in the latest Cochrane
review included women at risk of preterm birth prior to 32–34 weeks'
[1], and, until recently, all international and leading national clinical
practice guidelines included an upper limit of gestation for re-
commendation for use between 33+6 and 34+6 weeks’ gestation
[7,8,11,57–59].

Recent evidence from a single large trial in the United States sug-
gesting respiratory benefit following ACS at late preterm gestations
(34+0 to 36+6 weeks [14]) very quickly lead to recommendations for
practice change, such that the American College of Obstetricians and
Gynecologists (ACOG) Committee Opinion now states that ‘a single
course of betamethasone is recommended for pregnant women between
34+0 weeks and 36+6 weeks of gestation at risk of preterm birth within
7 days, and who have not received a previous course of antenatal
corticosteroids.’ [10] Subsequently several expert commentaries and
reviews have highlighted concerns over this rapid adoption of practice
change where realistic concerns over the risk/benefit ratio remain un-
resolved [60–62].

1.3. Benefits and risks of antenatal corticosteroid use

1.3.1. Late preterm birth
The evidence for benefit of ACS at late preterm gestations (up to

36+6 weeks) has predominantly been established by the Antenatal
Betamethasone for Women at Risk for Late Preterm Delivery (ALPS)
trial [14]. This trial included 2827 women with a singleton pregnancy
deemed to be at high risk of imminent birth by all modes of birth at
34+0 to 36+6 weeks, 73% (2063) of whom were recruited ≥35+0

weeks. Participants were randomized to receive two injections of be-
tamethasone or a matching placebo 24 h apart. Betamethasone was
associated with a 20% reduction in the primary outcome, a composite
of death and significant respiratory support; occurring in 11.6% (165/
1427) of infants in the betamethasone group and 14.4% (202/1400) of
infants in the placebo group (RR 0.80, 95% CI 0.66, 0.97). Similar ef-
fects were seen on other measures of respiratory morbidity includingTa
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TTN, use of continuous positive airway pressure ventilation, broncho-
pulmonary dysplasia and surfactant use but with no significant reduc-
tion in the incidence of RDS. RDS occurred in 5.5% (79/1427) of infants
in the betamethasone group and 6.4% (89/1400) of infants in the
placebo group (RR 0.87, 95% CI 0.65, 1.17). These findings of sig-
nificant improvement in some measures of respiratory morbidity have
been further supported by a 2016 systematic review by Saccone and
Berghella [63] that included the ALPS trial and two other much smaller
trials (Table 3) [64,65].

An unanticipated finding of the ALPS trial [14] was an increased
rate of neonatal hypoglycemia (defined as blood glucose concentra-
tion<2.2mmol/L [< 40mg/dL]) in babies exposed to corticosteroids
compared to those exposed to placebo (24.0% [343/1427] vs 15.0%
[210/1400], RR 1.6, 95% CI 1.4, 1.9, p < 0.001). This finding was
confirmed in meta-analysis of data from the ALPS trial and the trial
reported by Porto et al. of 273 infants exposed to ACS at 34+0 to 36+6

weeks (Table 3) [64]. Measurement of blood glucose concentration in
the newborn period was not mandated in the protocol in either of these
trials, suggesting that the overall rates of hypoglycemia and potential
effect size may be an underestimate.

1.3.2. Planned cesarean section birth
To date only four randomized trials of ACS specific to planned ce-

sarean section at term, ≥37+0 weeks, have been reported [66–69].
Only one of these trials [67] included a placebo comparator, with the
remaining three comparing ACS to usual care [66,68,69]. Saccone and
Berghella included three trials in their 2016 systematic review [63]. As
may be expected with term birth, the overall rates of respiratory mor-
bidity were lower but the benefit of ACS remained consistent; RDS
occurred in 2.7% (33/1217) of infants in the corticosteroid group and
6.7% (86/1281) of infants in the placebo/no treatment group (RR 0.40,
95% CI 0.27, 0.59). A similar size of effect was seen on mild and
moderate RDS, TTN, and use of mechanical ventilation (Table 4) [63].
Corticosteroid use was not associated with a reduction in admission to
neonatal intensive care (3% [38/1217] in the corticosteroid group and
5.3% [68/1281] in the placebo/no treatment group, RR 0.48, 95% CI
0.19, 1.20) but did reduce the duration of neonatal intensive care stay
(mean difference −7.44 days) [63].

An additional trial not included in the systematic review is a French
multi-center open label trial published in 2017. A total of 200 preg-
nancies were included in the per-protocol analysis comparing antenatal
betamethasone and planned cesarean section at 38 weeks with planned
cesarean section at 39 weeks with no betamethasone. There was no
difference in the primary outcome of neonatal unit admission for re-
spiratory distress (2.1% [2/95] after delivery at 38 weeks with beta-
methasone group and 3.8% [4/105] after delivery at 39 weeks, RR
0.54, 95% CI 0.1, 2.9) but fewer women required emergency cesarean
section when birth was planned at 38 weeks after betamethasone
(12.7% [12/95] vs 26.7% [28/105], p= 0.01) [69].

These trials demonstrate that corticosteroid use prior to planned
cesarean section at term reduces the incidence of short-term respiratory
morbidity which may lead to less time in neonatal intensive care, and so
potentially improved maternal bonding and higher breastfeeding rates.
However, none of these four randomized trials included routine mea-
surement of newborn blood glucose concentrations nor reported rates
of neonatal hypoglycemia. Hence no conclusions of benefit over harm
can be reliably made.

1.3.3. Infants of women with diabetes in pregnancy
Pregnancies complicated by diabetes are at higher risk of neonatal

respiratory morbidity, where ACS may provide benefit, and neonatal
hypoglycemia, where ACS may cause harm; however we have even less
evidence to guide practice on their use in these situations. No trials
have specifically addressed this question. Only 10.8% (306/2831) of
the ALPS trial population had gestational diabetes (women with pre-
existing diabetes were excluded) [14] and a further 22 women in three Ta
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of the other trials had pre-gestational or gestational diabetes
[64,68,69]. Although maternal diabetes was not an exclusion in the
remaining trials, the number of women with diabetes was not reported
[65–67]. Hence, subgroup meta-analyses of existing trials will not sig-
nificantly further our knowledge.

1.3.4. Longer-term effects
Evidence suggests that the use of ACS after 34 weeks' gestation

provides benefit for respiratory morbidity for those infants in specific
‘at-risk’ groups. The majority of this respiratory disease is likely to be
short-term, although this often requires admission of the infant to the
neonatal unit which may have longer-term consequences due to early
separation of baby from his or her mother. However, emerging evi-
dence now suggests that any advantage on respiratory morbidity gained
by ACS may have a consequent negative effect on neonatal glycemic
control, which may in turn have more significant longer-term adverse
effects. There are no high quality data on longer-term benefit or harm
associated with ACS at term and late preterm gestations. None of the
trials in late preterm birth have, as yet, reported outcomes beyond
primary hospital discharge [14,64,65]. Only one trial with limited
follow-up has reported childhood outcomes after ACS prior to planned
cesarean section ≥37+0 weeks.

The Antenatal Steroids for Term Elective Cesarean Section
(ASTECS) trial [68], an open trial of betamethasone versus standard
care, assessed 352 children from the original trial cohort of 942 (37%)
by use of parental and school questionnaires completed at 8–15 years of
age [70]. The majority of the results were reassuring with no differ-
ences reported in childhood asthma or wheeze; hyperactivity, emo-
tional or peer difficulties; or in parent-reported learning difficulties
(requiring additional help in school) or national education achievement
tests. However, a higher proportion of children whose mothers had
received ACS were judged by their teachers to be in the lower quartile
for ability compared to those whose mothers had not received them
(17.7% [33/217] vs 8.5% [14/190], p= 0.03) [70]. This is a finding of
concern which requires further evaluation, particularly as neonatal
hypoglycemia has been identified as a possible underlying mechanism
leading to this difference.

1.4. Current clinical practice guidance

Advice from national and international guidelines regarding ACS
after 34 weeks' gestation is limited and conflicting. The World Health
Organisation makes a strong recommendation for use of ACS in women
at imminent risk of birth at 24–34 weeks', but no recommendation is
made for preterm birth after 34 weeks' gestation. Their guidelines in-
clude a conditional recommendation based on ‘very low-quality evi-
dence’ that ACS are not recommended in women undergoing planned
cesarean section at 34+0 to 36+6 weeks. ACS are recommended for
women with pre-gestational and gestational diabetes at risk of im-
minent preterm birth (24–34 weeks), and that this should be accom-
panied by interventions to optimise maternal blood glucose con-
centrations; but again no comment is made for women with
diabetes> 34 weeks' gestation [7].

The British National Institute for Health and Care Excellence
Preterm Labour and Birth guideline recommends that all women in
suspected or established preterm labour, with planned preterm birth or
preterm prelabour rupture of membranes up to 33+6 weeks should be
offered ACS. It also recommends that there should be ‘consideration’ of
their use at 34+0 to 35+6 weeks [59]. British guidelines for the care of
women with diabetes in pregnancy suggests that ACS are not contra-
indicated in women with diabetes [71]. However they provide no
guidance on any variation in indications for use in women with diabetes
but do recommend adjustment of maternal insulin dose and monitoring
in women with insulin-treated diabetes around the time of ACS ad-
ministration [71]. Until recently the British Royal College of Ob-
stetricians and Gynaecologists guideline recommended ACS for all

planned cesarean sections ≤38+6 weeks [58]. This guideline has now
been archived and replaced by the National Institute for Health and
Care Excellence guideline on Cesarean Section which provides no gui-
dance on their use [9].

The American College of Obstetricians and Gynecologists have re-
cently been updated to provide guidance for ACS at late preterm ge-
stations, recommending their use for all births at 34+0 to 36+6 weeks in
women who have not received a previous course. These guidelines
provide no specific advice for women with diabetes or for planned ce-
sarean section> 36+6 weeks [10].

New Zealand and Australian guidelines make a strong re-
commendation for ACS up to 34+6 weeks but no advice is given for late
preterm birth [8]. These guidelines conclude there is insufficient evi-
dence to make a recommendation for planned cesarean section at term
or for women with diabetes at term but provide practice points re-
commending their use if there is known fetal lung immaturity prior to
planned cesarean section and for maternal glucose monitoring and
treatment when used in women with diabetes [8].

2. Conclusion

There is increasing evidence that the use of ACS given to mothers
after 34 weeks' gestation prior to late preterm birth, birth by planned
cesarean section and for infants born to mothers with diabetes reduces
the risk of short-term respiratory morbidity. For many this evidence has
been sufficient for practice change. However, the lack of data to refute
or confirm the potential harm of this therapy including on neonatal
glycemic control and any potential long-term effects should limit this
practice change to their use only in the context of large RCTs. Future
research of this therapy must focus on specific and clearly defined ‘at-
risk’ populations and include outcomes that are easily measured and
defined focussing on both the benefits and risks of treatment. Wherever
possible they should plan and be funded to include assessment of
meaningful long-term outcomes that include measurement of re-
spiratory, metabolic and neurodevelopmental outcomes.
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Practice points

The use of ACS therapy prior to late preterm birth and planned
cesarean section at term reduces short-term neonatal respiratory mor-
bidity.

The use of ACS therapy prior to late preterm birth and possibly prior
to planned cesarean section at term increases the risk of neonatal hy-
poglycemia.

We have insufficient evidence regarding the effect of ACS use on
neonatal respiratory morbidity and neonatal hypoglycemia in infants
born to mothers with diabetes in pregnancy.

The longer-term effects of ACS use prior to late preterm birth,
planned cesarean section at term and for infants born to mothers with
diabetes in pregnancy on childhood outcomes are unknown.

If using ACS therapy after 34+6 weeks’ to improve infant outcomes,
consider routine newborn blood glucose concentration monitoring in
the first 24–48 h of life.

Research directions

The effect of ACS therapy on neonatal respiratory morbidity AND
hypoglycemia when given prior to late preterm birth.
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The effect of ACS therapy on neonatal respiratory morbidity AND
hypoglycemia when given prior to planned cesarean section at term.

The effect of ACS therapy on neonatal respiratory morbidity AND
hypoglycemia when given prior to birth of infants born to mothers with
diabetes in pregnancy after 34+6 weeks.

The effect of ACS therapy (and neonatal hypoglycemia) after late
preterm birth, planned cesarean section at term and for infants born to
mothers with diabetes in pregnancy on childhood respiratory, meta-
bolic and neurodevelopmental outcomes.
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