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Abstract 

Antenatal corticosteroids are now established as one of the cornerstones of therapy 

in the prevention of neonatal morbidity and mortality prior to preterm birth. Although, 

this practice is widely accepted, a significant number of controversies exist. This 

review explores the knowledge gaps regarding the use of antenatal corticosteroids in 

the preterm, late preterm and term populations. Furthermore, the role of antenatal 

corticosteroids in special populations, such as diabetes, multiple pregnancies and 

peri-viable gestations, where high quality data from randomised controlled trials is 

lacking, is also considered.  

 

What is already known about this topic? 
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• Antenatal corticosteroids are standard of care for preventing morbidity and 

mortality in preterm birth 

What does this study add? 

• Controversies exist regarding dosing, timing and type of antenatal 

corticosteroids  

• Despite antenatal corticosteroids being standard of care, high quality 

randomised data regarding the use in special populations such as periviable 

gestations, multiple pregnancy, diabetes and low income settings is lacking. 

 

  
 

  

1. Introduction 

 

The role of antenatal corticosteroids in improving the morbidity and mortality of preterm 

infants has revolutionised perinatal medicine. Since Liggins’ and Howie’s seminal 

study of 282 women and their infants, which reported a 16.8% reduction in respiratory 

distress syndrome and an 11.8% reduction in neonatal mortality in preterm infants, 

consistent findings have been demonstrated.58 This has culminated in the latest 

Cochrane review, confirming the significant reduction in risk of perinatal death, 

neonatal death, respiratory distress syndrome, intraventricular haemorrhage, 

necrotizing enterocolitis and, need for mechanical ventilation resulting from a single 
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course of antenatal corticosteroids prior to preterm birth.81 As a result of many decades 

of research, this intervention has become a standard part of clinical practice.81 

 

Although used almost daily to prevent morbidity and mortality from preterm birth in 

high income countries throughout the world, a number of controversies and 

unanswered questions remain regarding this intervention. In the early preterm period, 

debate persists regarding the optimal dose and timing, choice of corticosteroid and 

benefits or harms of repeat doses. In the late preterm and term periods, the balance 

between the short-term benefits and the potential long-term harms continues to be of 

concern. Furthermore, the lack of robust evidence in special populations, such as 

women with diabetes, multiple pregnancy and in low resource settings highlights the 

significant gaps in our knowledge about one of the more common interventions in 

perinatal medicine. 

 

2. Pathophysiology and mechanism of action  

 

The aim of corticosteroid administration prior to preterm birth is to mimic the 

endogenous increase in corticosteroids that is seen in the late gestational period, 

which results in the maturation of organs in preparation for postnatal life. 

Betamethasone and dexamethasone, the two most common corticosteroids 

administered during pregnancy, are fluorinated synthetic corticosteroids which readily 

cross the placenta as they are not degraded by placental 11-beta hydroxysteroid 
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dehydrogenase 2 (11ß-HSD2).51 These glucocorticoids increase surfactant 

production, increase compliance and maximal lung volume, decrease vascular 

permeability, mature lung parenchymal structure and increase clearance of lung water 

to improve respiratory function, and therefore survival.16 The extrapulmonary benefits 

of antenatal corticosteroids, including reductions in intraventricular haemorrhage and 

necrotizing enterocolitis, are derived both from the beneficial effect on respiratory 

morbidity as well as the direct effect on the maturation of various tissues.16, 19 Indeed, 

laboratory studies have identified over 300 specific nuclear target genes which are 

regulated by betamethasone.27   

 

3. Controversies in the preterm period 

 

The use of antenatal corticosteroids to prevent morbidity and mortality prior to 34 - 35 

weeks gestation is now well established as an evidence based recommendation by 

guidelines around the world with subtle differences as demonstrated in Table 1.11, 2, 72, 

95 The latest Cochrane Review, published in 2017, included 7774 women and 8158 

infants, reported significant reductions in neonatal death (RR 0.69, 95% CI 0.59-0.81), 

respiratory distress syndrome (RR 0.66, 95% CI 0.56-0.77), and necrotizing 

enterocolitis (RR 0.50, 95% CI 0.32-0.78).81 Neonates exposed to antenatal 

corticosteroids were also less likely to require neonatal respiratory support (RR 0.68, 

95% CI 0.56-0.84), surfactant therapy (RR 0.68, 95% CI 0.51-0.90) and oxygen 

supplementation (Mean Duration (MD) -2.68 days, 95% CI -5.51 to -0.21 days).81 Long 
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term outcomes are less certain, in part due to the small number of follow up studies. 

Nevertheless, no significant increases, and a non-statistically significant reduction in 

developmental delay (RR 0.48, 95% CI 0.24-1.00) and cerebral palsy (RR 0.64, 95% 

CI 0.35-1.03) was observed in children at 2 years of age, although it is important to 

note that fewer than 1000 children were included in follow up studies contributing to 

this component of the meta-analysis.81  

 

Controversies still remain during the preterm period, including the choice of 

corticosteroid, dose of corticosteroid, timing of corticosteroids and the use of repeat 

doses. 

  

3.1 Choice of corticosteroid  

 

Betamethasone and dexamethasone are fluorinated corticosteroids and are the most 

commonly prescribed corticosteroids for the prevention of morbidity and mortality 

associated with preterm birth.  International guidelines recommend either the use of 

betamethasone or dexamethasone intramuscularly as the antenatal corticosteroid of 

choice when preterm birth is imminent.11, 72, 95, 39, 109, 2  

 

Animal studies comparing the two corticosteroids favour betamethasone as the 

superior agent. A rat study comparing the effects of betamethasone, dexamethasone 

and prednisolone reported that betamethasone was more potent at inducing surfactant 
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production compared to the other two types of steroids.10 A small trial comparing the 

impact of antenatal administration of betamethasone or dexamethasone and placebo 

upon neurobehavioural development of mice offspring demonstrated that 

dexamethasone induced a brief period of developmental delay, separation anxiety and 

reduction in memory process with the study concluding that betamethasone may be 

the preferred corticosteroid when preterm birth is imminent.80  

 

Human studies have not validated these findings. A study of 82 women with 97 fetuses 

with preterm labour were randomly allocated to receive either betamethasone or 

dexamethasone for fetal lung maturation. Cardiotocogram (CTG) recordings were 

obtained before administration of the first dose, at 24-48 hours and 4-7 days after 

administration. Women who were on other medications that may impact upon CTG 

variability, such as anti-hypertensives, were excluded from the study. There were no 

differences in the incidence of neonatal respiratory distress syndrome, however a 

statistically significant decrease in fetal heart rate variability was seen with 

betamethasone use that was not present in the dexamethasone group at 24-48 

hours.91  These observed changes had returned to normal by 4-7 days.91 In contrast, 

reduction in short term and long term variability was observed for both dexamethasone 

and betamethasone in another randomised trial of 105 women, which returned to 

baseline by day 4.99  
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The most recent Cochrane review of ten trials which included 1159 women and 1213 

infants, reported no significant differences in the rates of neonatal death (RR 1.41, 

95% CI 0.54-3.67) or respiratory distress syndrome when different types of 

corticosteroid were used (RR 1.06, 95% CI 0.88 - 1.27), however there was a 

significantly decreased rate of intraventricular haemorrhage in the dexamethasone 

group compared with betamethasone (RR 0.44, 95% CI 0.21-0.92).22 There were no 

significant differences in maternal outcomes or childhood outcomes at 18 months of 

age.22  This review concluded that high quality trials were needed to establish which 

drug was most effective and caused the least harm. A large Australasian trial, 

comparing Betamethasone and Dexamethasone on the impact on survival rates free 

of childhood neurosensory disability has completed recruitment and will provide 

valuable data regarding the optimal corticosteroid.30    

 

 

3.2 Dose 

 

The recommended total dose for dexamethasone or betamethasone in anticipated 

preterm birth is 24 mg intramuscularly. Betamethasone is usually given as two doses 

of 12 mg administered 24 hours apart, while dexamethasone is given as four doses of 

6 mg administered every 12 hours.11, 39  Dexamethasone has an advantage in that it 

can be given intravenously in cases when intramuscular injections are contraindicated 

(for example severe thrombocytopaenia in HELLP syndrome or when  therapeutic 
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anticoagulation is required) although there are limited data available regarding the 

pharmacokinetics of intravenous dosing16 which theoretically may expose the fetus to 

higher peak levels of Dexamethasone than the intramuscular route.16 

 

The dose used in the original Liggins study was extrapolated from sheep studies and 

combined 6 mg of betamethasone phosphate with 6 mg betamethasone acetate in 

two doses 24 hours apart.58 This regimen allows rapid exposure to betamethasone 

from the phosphate form and more sustained exposure from the acetate form.58, 16 

Pharmacokinetic studies demonstrate that, with this dosing, more than 75% of 

glucocorticoid receptors in fetal tissue are occupied.15 Dexamethasone has similar 

pharmacokinetics, although a lower peak level but a longer duration of elevated 

activity.16 A follow up study by Howie and Liggins which compared a double dose 

regimen to the original dosing regimen, did not demonstrate any increased neonatal 

benefit, presumably because the original dosing regimen achieves maximal 

glucocorticoid receptor activation.45  

 

Recent sheep studies have demonstrated that lower doses of betamethasone appear 

to be equally efficacious in inducing fetal lung maturation, with administration of a 

single dose resulting in similar benefits to the administration of two doses, 24 hours 

apart,  currently used in practice.47, 89 No trials investigating dosing regimens were 

available for inclusion in the most recent Cochrane meta-analysis on the subject, but 

a multicenter randomised double blind placebo-controlled non-inferiority trial in 37 
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tertiary French centres, aims to compare two doses of betamethasone compared with 

a single dose on the outcome of respiratory distress syndrome and has commenced 

recruiting.90 Optimal dosing of antenatal corticosteroids should adhere to the principal 

of achieving the desired effect at the lowest possible fetal exposure.52 

 

 

3.3 Timing and interval 

There have been very few studies investigating the optimal dose interval and timing of 

antenatal corticosteroids. The commonest regimen in use, administration of two doses 

of Betamethasone 24 hours apart, is derived from the original study reported by 

Liggins and Howie.58 There were no pharmacokinetic studies investigating the optimal 

dose and interval to achieve the desired beneficial effects whilst minimizing any short 

or long-term off-target effects.52 A small retrospective cohort study compared a 12-

hourly dosing regimen of Betamethasone with a 24-hourly regimen in 166 women who 

delivered less than 48 hours from commencement of antenatal corticosteroid therapy 

and demonstrated no significant differences in the rates of respiratory distress 

syndrome, necrotizing enterocolitis, intraventricular haemorrhage, requirement for 

respiratory support, length of neonatal intensive care unit stay or neonatal death.43 A 

randomised controlled trial which included 228 women and 260 fetuses reported that 

whilst 12 hour dosing of Betamethasone compared with 24 hour dosing had no impact 

on the incidence of respiratory distress syndrome (36.5% vs 37.3%, p = 0.91), there 

was a statistically significant higher incidence of necrotizing enterocolitis in the group 
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who received 12 hourly administration (6.2% versus 0.0%, p = 0.03).55 Although these 

results should be interpreted with caution due to the small numbers,  the 

pharmacokinetics of betamethasone suggest that more frequent dosing intervals may 

result in higher peak levels of betamethasone in the fetal circulation. It is plausible that 

this may contribute to adverse outcomes due to saturation of placental and fetal 

glucocorticoid receptors.16  

 

International guidelines broadly agree that administration of antenatal corticosteroids 

should be within 7 days prior to preterm birth,11, 72, 39, 95, 2 however, data regarding the 

optimal interval between administration and birth are limited. Recent cohort data from 

the Effective Perinatal Intensive Care in Europe demonstrated that infant mortality was 

reduced significantly even when antenatal corticosteroids were administered only a 

few hours prior to birth with maximal reductions achieved at 18 to 24 hours following 

administration.74 These data challenge the view that the optimal window for 

administration is at least 24 hours prior to birth.     

 

 

3.4 Repeat doses 

 

Perhaps the most contentious issue related to antenatal corticosteroids in the preterm 

period is that of repeat doses when preterm delivery does not occur as predicted after 

corticosteroid administration. Currently available bedside tests to predict the risk of 
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preterm birth have a high negative predictive value but low positive predictive value.79 

This has resulted in a tendency to administer antenatal corticosteroids when the risk 

of preterm birth is thought to be high, even though retrospective studies have shown 

that only about 33% of women who receive antenatal corticosteroids birth prior to 34+0 

weeks gestation.87 Furthermore, even when preterm birth was indicated only 48% of 

women at a University Hospital in USA received antenatal corticosteroids within the 

optimal period of 7 days prior to birth.5  

 

The Australasian Collaborative Trial of Repeat Doses of Steroids (ACTORDS) 

investigated 982 women who remained at risk of preterm birth prior to 32+0 weeks 

gestation, more than 7 days after receiving the first course of antenatal corticosteroids. 

This double blind, placebo controlled trial, randomised women to weekly 

administration of betamethasone 11.4 mg or saline placebo.31 There was a statistically 

significant decrease in respiratory distress syndrome (adjusted Relative Risk (RR) 

0.82, 95% CI 0.71-0.95), use of oxygen therapy (adjusted RR 0.90, 95% CI 0.81-0.99) 

and duration of mechanical ventilation in the treatment group; however, 36% of women 

exposed to repeat doses of antenatal corticosteroids gave birth after 34 weeks 

gestation.31 Although z-scores for head circumference and weight at the time of birth 

were significantly lower in those exposed to corticosteroids, there were no differences 

seen in anthropometric measurements or z-scores at hospital discharge.31  In contrast, 

the National Institute of Child Health and Human Development (NICHD) study 

investigating the safety and efficacy of repeat doses of antenatal corticosteroids was 
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prematurely terminated due to a statistically significant increase in the rate of neonates 

with birthweight below the 10th percentile in the group exposed to repeat steroids, with 

concerns raised about a potential dose response effect with infants exposed to a 

greater number of courses having a greater risk of low birthweight.107 However, in the 

interim analysis of the 495 patients, whilst there was no difference in the primary 

composite neonatal outcome (RR 0.61, 95% CI 0.34-1.08) there was a significant 

reduction in the requirement for ventilator support (RR 0.62, 95% CI 0.46-0.85), 

surfactant therapy (RR 0.60, 95% CI 0.41-0.88) and rates of bronchopulmonary 

dysplasia (RR 0.45, 95% CI 0.26-0.79).107 

 

The Multiple courses of Antenatal Corticosteroids for preterm birth (MACS) trial 

investigated the effect of multiple courses of antenatal corticosteroids, but in contrast 

to previous trials, used a longer interval between repeat does of 14 days instead of 7 

days.70  The trial recruited 1858 women at risk of preterm birth who remained 

undelivered 14-21 days after an initial course of antenatal corticosteroids. Women 

were randomised to receive betamethasone 12 mg or saline placebo every 14 days. 

There was no difference in the composite primary outcome of neonatal morbidity or 

mortality (mean difference 1.04, 95% CI 0.77-1.39) or respiratory distress syndrome 

(mean difference 1.14, 95% CI 0.80-1.58). However, there were significant reductions 

in birthweight, length at birth and mean head circumference.70 The Cochrane review 

which included 4733 women and 5700 babies from 10 trials, showed a significant 

improvement in respiratory distress syndrome (RR 0.83, 95% CI 0.75-0.91) and 
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serious infant outcome (RR 0.84, 95% CI 0.75-0.94) but a significant decrease in mean 

birth weight which was no longer significant when adjusted for gestational age.32 A 

recent individual participant meta-analysis which included eleven randomised trials 

involving 4,857 women and 5,915 infants reported a significant decrease in the use of 

respiratory support (RR 0.91, 95% CI 0.85-0.97) but also a significant decrease in 

birthweight in the group exposed to repeat prenatal steroids (mean difference -0.12, 

95% CI -0.18 to -0.06).33 No differences were seen in composite serious outcome for 

child or woman.33  

 

Reports regarding the long-term outcomes following exposure to repeat doses of 

steroids are conflicting. Concerns were raised in the two year follow up of the 

ACTORDS trial, as children exposed to repeat doses of corticosteroids were more 

likely to require assessment for attention disorders (adjusted RR 1.87, 95% CI 1.03-

3.42).28  No differences were seen in the rate of survival free of major disability, body 

size, blood pressure, respiratory morbidity or use of health services.28 Six to eight year 

follow up of the ACTORDS trial was largely reassuring with no differences seen in 

cardiometabolic outcomes,24, 62 function residual lung capacity,60 hypothalamus-

pituitary adrenal suppression17  or bone mass64 however, it should be noted that these 

follow up studies were largely restricted to subsets of the ACTORDS cohort.  

  

Five year follow up of the MACS study, showed that those exposed to multiple doses 

of antenatal corticosteroids but then birthed beyond 37 weeks were at significant 
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increased risk of a composite primary outcome of death or survival with 

neurodevelopmental disability (OR 1.69, 95% CI 1.04-2.77) and neurosensory 

disability (OR 3.70, 95% CI 1.57-8.75).12 Furthermore, follow up of the NICHD study 

identified an increase in the rate of cerebral palsy in neonates exposed to multiple 

doses of antenatal corticosteroids with 6 children (2.9%) in the repeat corticosteroid 

group being diagnosed with cerebral palsy and 1 child in the placebo group (0.5%), 

RR 5.7, 95%CI 0.7-46.7, p=0.12).106 Although not statistically significant, a direct 

neurological effect of corticosteroids on the developing fetal brain is plausible.110 It was 

also notable that 5 of the 6 children in the repeat corticosteroids group were born after 

34 weeks and that all six of these children had been exposed to either 4 or 5 courses 

of antenatal corticosteroids, raising the possibility of a dosage effect.106  

 

Undoubtedly, repeat courses of antenatal corticosteroids improve short term 

respiratory outcomes in neonates, however no differences are seen in long term 

outcomes and potential harm has been observed in children that were exposed to 

multiple courses of antenatal corticosteroids who are born after 34 weeks. For women 

who remain at risk of preterm birth beyond the optimal treatment period after an initial 

course of antenatal corticosteroids, international guidance varies, with most guidelines 

only recommending one further single course of 24mg Betamethasone in divided 

doses or up to a maximum of 2 further single injections of 12mg Betamethasone for 

women who remain at risk of preterm birth prior to 32+6 weeks 11 or 34+0 weeks 2 (Table 

1).11, 2, 95, 72  The limited data regarding long term follow up of infants exposed to repeat 
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doses of antenatal corticosteroids support a conservative approach of adhering to the 

principle of minimising exposure.  

 

4. Controversies in the late preterm and early term period 

 

4.1 Late preterm administration 

 

The majority of preterm births occur in the late preterm period between 34+0 and 36+6 

weeks’ gestation, and whilst mortality rates at the late preterm period and early term 

period are similar, morbidity and medical intervention rates are significantly higher in 

the late preterm compared to the early term period.14, 21 Prior to the publication of the 

Antenatal Betamethasone in Late Preterm (ALPS) trial, the use of antenatal 

corticosteroids beyond 34+0 weeks gestation was inconsistent with little international 

consensus.46 

 

The ALPS trial was a multicenter, double blind, randomised trial which included 2831 

women at high risk of birth during the late preterm period. Women were randomised  

to receive either two doses of betamethasone 11.4mg or saline placebo.  The primary 

outcome was a composite measure of respiratory morbidity, stillbirth and neonatal 

mortality within 72 hours of birth.42 There was a significantly decreased rate of the 

primary outcome in the group that received betamethasone (RR 0.80, 95% CI 0.66-

0.97, p=0.02), and composite severe respiratory morbidity (RR 0.67, 95% CI 0.53-
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0.84, p<0.001).42 There was a significantly lower rate of transient tachypnoea of the 

newborn (a relatively self-limiting condition) (RR 0.68, 95% CI 0.53 – 0.87, p=0.002), 

in those exposed to antenatal corticosteroids but no difference in the rate of respiratory 

distress syndrome (RR 0.87, 95% CI 0.65 – 1.17, p=0.36). Somewhat unexpectedly, 

there was a significantly increased rate of neonatal hypoglycaemia (RR 1.60, 95% CI 

1.37-1.87, p<0.001) in those exposed to betamethasone antenatally.42 A subsequent 

meta-analysis which included 5698 singleton pregnancies at late preterm or term 

gestations (including those recruited to the ALPS study), showed a significantly lower 

rate of severe respiratory distress syndrome (RR 0.55, 95% CI 0.33-0.91) and 

transient tachypnoea of the newborn (RR 0.56, 95% CI 0.37-0.86) with significantly 

higher rates of neonatal hypoglycaemia (RR 1.61, 95% CI 1.38 to 1.87) in those 

exposed to antenatal corticosteroids.86 

 

These findings have been enthusiastically embraced by the American College of 

Obstetricians and Gynecologists, which now recommends a single course of 

corticosteroids for women at risk of delivery in the late preterm period between 34+0 

and 36+6 weeks if they have not previously received a course of antenatal 

corticosteroids.2  However, it is pertinent to note that the relative risk of neonatal 

hypoglycaemia was higher than the respiratory benefit gained from the use of 

antenatal corticosteroids during the late preterm and term period, although the severity 

and impact of the hypoglycaemia was not clarified.42 Hypoglycaemia in the neonatal 

period has been associated with neurodevelopmental delay, cerebral palsy, 
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neuropsychiatric defects, lower intelligence quotient, poor executive function and 

smaller head circumference, depending upon the severity and duration of the 

hypoglycaemia.92, 53, 63 Furthermore, there have been concerns raised regarding the 

lack of robust long term follow up of infants exposed to antenatal corticosteroids in the 

late preterm period for a modest benefit in respiratory morbidity, which is mostly due 

to the self-limiting condition of transient tachypnoea of the newborn.29, 49, 50, 40  

 

4.2 Early term administration 

 

Internationally, there is an increasing trend towards indicated birth due to labour 

induction or caesarean section in the early term period between 37+0 – 39+0 weeks’ 

gestation.68  Due to the significantly increased respiratory morbidity associated with 

birth prior to 39 weeks of gestation111, the American College of Obstetricians and 

Gynecologists recommends against non-medically indicated delivery prior to 39 

weeks.3 Despite these recommendations approximately 40% of all non-emergency 

caesarean deliveries are performed prior to 39+0 weeks gestation.100 Furthermore, 

there may be maternal or fetal indications for delivery by caesarean section prior to 

this gestation.104, 26, 38 Due to the significantly increased risk of respiratory morbidity 

for fetuses born via caesarean section prior to labour onset during the early term 

period (as demonstrated in Figure 1)100, 44 antenatal corticosteroids have been 

proposed as a way of reducing adverse neonatal outcomes.86 
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The Antenatal Steroids for Term Caesarean Section (ASTECS) trial recruited 998 

women in a pragmatic, open label, randomised trial comparing two doses of 

betamethasone in the 48 hours prior to caesarean birth with usual treatment.97 The 

majority of women (55.2%) gave birth prior to 39 weeks’ gestation. There was a 

significant decrease in special care nursery admissions due to respiratory distress in 

the group that received corticosteroids prior to 39 weeks (RR 0.46, 95% CI 0.23-0.93, 

p=0.021). It is noteworthy that the majority of cases of respiratory distress were due 

to transient tachypnoea of newborn (2.1% in the Betamethasone group compared to 

4.0% in the control group) while the overall rate of respiratory distress syndrome at 

term gestations was low ( 0.2% in the Betamethasone group compared to 1.1% in the 

control group).97 No details were provided regarding the rates of neonatal 

hypoglycaemia, however, it is  worth noting that the rate of admission to the special 

care baby unit for non-respiratory related conditions was higher in the betamethasone 

group (3.2%  compared to the control group 1.7%).97 Two further randomised trials 

from Egypt comparing dexamethasone administration prior to caesarean section prior 

to labour onset confirmed the significant reduction in neonatal nursery admission 

secondary to respiratory morbidity, largely due to a reduction in transient tachypnea 

of the newborn rather than respiratory distress syndrome.6, 71 However, it is relevant 

to note the unusually high rates of respiratory morbidity in the placebo group in the 

trial reported by Ahmed et al, with approximately 23% having respiratory morbidity 

despite being born in the early term period.6 In contrast, a non-blinded randomised 

trial comparing three doses 8mg of intramuscular dexamethasone administered prior 
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to elective caesarean section beyond 38 weeks gestation to standard care, did not find 

any statistically significant respiratory benefit in the treatment group.73 

 

Long term follow up from these studies is only available from the ASTECS trial,97 at 8-

15 years via information ascertained from parent reported questionnaire and school 

reports of national standard assessment tests.98 Less than half of the participants in 

the original trial were involved in the follow up, which demonstrated no differences in 

a range of self-reported health outcomes in children exposed to betamethasone 

antenatally. School reports were available for just over a third of participants (37%) 

and analysis of academic ability based on these school reports demonstrated that 

children who were exposed to betamethasone antenatally were significantly more 

likely to be in the lower quartile of academic ability (17.7% vs. 8.5%, p = 0.03).98 These 

findings should be interpreted with caution due to the unblinded nature of the trial and 

the inherent bias that is present with low follow up rates and reliance on parental recall, 

however these findings do raise concerns regarding the long term safety of antenatal 

corticosteroids and the potential for adverse neurocognitive outcomes which may be 

biologically plausible due to potential increased rates of neonatal hypoglycaemia (a 

finding which was not investigated)  or a possible direct effect of corticosteroids on the 

fetal brain.110 Betamethasone  and dexamethasone cross the placenta rapidly as they 

are poorly inactivated by placental 11ß -HSD2.110 This enzyme is also highly 

expressed in the fetal brain (as opposed to the adult brain) and plays an important role 

in limiting  the exposure of the fetal brain to endogenous and exogenous 
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corticosteroids.110  The fetal brain is therefore susceptible to the high levels of 

Betamethasone following antenatal corticosteroid administration. Corticosteroids are 

known to initiate terminal maturation, axonal remodelling and contribute to 

programmed cell death.110 The risk of neurocognitive morbidity is higher in early 

preterm infants compared to the late preterm or term infants (Figure 2).54, 88 Therefore, 

the impact of antenatal corticosteroids on subtle neurocognitive function may be more 

apparent and significant in the late preterm/term group.  

 

Animal studies investigating late term exposure to antenatal corticosteroids have 

raised concerns regarding long term outcomes. Rat studies have shown that offspring 

that were exposed to dexamethasone were more likely to have reduction in glomeruli, 

develop hypertension and have an increased risk of insulin resistance with these 

effects being pronounced when dexamethasone exposure was in later gestation. 76, 75 

In a small study of rhesus monkeys, those that were treated with dexamethasone in 

pregnancy were shown to have a 30% reduction in size and segmental volumes of the 

hippocampus compared to monkeys treated with placebo.101  

 

A study of the cord blood of 76 singleton newborns, on average 37-38 weeks’ 

gestation, compared venous cord blood hormonal and metabolic markers of those 

exposed to betamethasone compared to controls prior to elective caesarean section.94  

Statistically significant increases were seen in cortisol, c-peptide, insulin-like growth 

factor and glucose levels in those exposed to corticosteroids.94 These findings suggest 
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that fetuses exposed to antenatal betamethasone are born hyperinsulinemic and are 

therefore at higher risk of neonatal hypoglycaemia and its subsequent 

consequences.13 A case-control study of 209 children born at term (mean 39.3 weeks 

gestation) who were either exposed to antenatal corticosteroids or not, reported 

significantly higher cortisol secretion in response to standardized psychosocial stress 

testing at the age of 6-11 in those exposed to antenatal corticosteroids.7 Follow up 

after 30 years of the original Auckland based trial undertaken by Liggins and Howie, 

in which approximately 30% of fetuses exposed to steroids delivered at term, 

demonstrated increase in insulin resistance but no other difference in cardiovascular 

outcomes, although it is important to note that the peak incidence of cardiovascular 

morbidity occurs well after 30 years of age.35 Long term follow-up of adults who were 

exposed to antenatal corticosteroids at term is limited, although the evidence we have 

thus far raises enough concern to justify the need for long term follow up studies.  

 

5. Antenatal Corticosteroids in Special Populations  

 

The use of antenatal corticosteroids is being extrapolated beyond populations for 

which robust randomised controlled data exists.  

 

5.1 Periviable gestation  
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Survival rates in infants born between 22+0-24+0 weeks’ gestation varies, with 

decreasing survival rates as gestation decreases.77 Variable practice exists in this 

population when women are at risk of preterm delivery.85 Retrospective analysis of 

infants born between 22+0-23+0 weeks of gestation revealed that antenatal 

corticosteroids were associated with a significant reduction in death prior to hospital 

discharge of preterm infants born between 22+0 -23+0 weeks of gestation (adjusted 

hazard ratio 0.72, 95% CI 0.53-0.97), however no significant differences were seen in 

neonatal morbidity between the corticosteroid exposed and unexposed infants during 

this gestational period.67 A large cohort study of 10,541 neonates born at 22 to 25 

weeks gestation revealed no significant benefit of antenatal corticosteroids on 

neonatal morbidity or mortality between 22 to 23 weeks gestation, but a significant 

improvement in mortality and composite outcomes of respiratory, intracranial and 

gastrointestinal morbidity between 23 to 24 weeks gestation.23 There are no 

randomised controlled trial data in this population and no studies investigating the 

long-term outcomes of antenatal corticosteroids in this population. The lack of 

randomised controlled trial data has led to significant discordance between use of 

antenatal corticosteroids and resuscitation at these early gestations, with a recent 

retrospective study demonstrating that 23.3% of live births at 23 weeks of gestation 

were resuscitated but not exposed to antenatal corticosteroids.84 As recommended by 

a number of international guidelines, multidisciplinary counselling and collaborative 

decision-making regarding resuscitation is imperative to guide the rational use of 

corticosteroids, taking into account the parent’s wishes and expectations as well as 
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the availability and expertise of neonatal intensive care (Table 1).11, 2, 72, 95 

Improvements in neonatal care at periviable gestations will likely result in a 

progressive reduction in the gestational age at which antenatal corticosteroids should 

be offered. 

 

5.2 Multiple pregnancy 

 

A number of published randomised trials investigating the role of antenatal 

corticosteroids included a proportion of women with multiple pregnancies.81, 11 

Prediction of preterm labour and therefore optimal timing of antenatal corticosteroids 

is less consistent in twin pregnancies compared to singletons.83 Available evidence 

regarding the utility of antenatal corticosteroids in this population varies since women 

with multiple pregnancies are frequently excluded from randomised trials investigating 

antenatal corticosteroids.  

 

Retrospective analysis of data from a trial investigating the use of intramuscular 

progesterone for the prevention of preterm birth in twin pregnancies, in which 35% of 

neonates were exposed to antenatal corticosteroids did not demonstrate significant 

improvements in respiratory distress syndrome (RR 1.28, 95% CI 0.97-1.71).103 In 

fact, exposure to antenatal corticosteroids was associated with a significant increased 

need for neonatal intensive care admission (adjusted RR 1.22, 95% CI 1.09-1.36) and 

mechanical ventilation (adjusted RR 1.52, 95% CI 1.12-2.09).103  
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In contrast, a Canadian retrospective study investigating 2516 twin neonates, 

approximately 70% of whom received antenatal corticosteroids between 1-7 days 

before birth showed significant reductions in neonatal mortality, need for mechanical 

ventilation and severe neurological injury.65 The importance of optimal timing of  

antenatal corticosteroids in twin populations was demonstrated by a retrospective 

study which showed significant reduction in the incidence of respiratory distress when 

antenatal corticosteroid delivery was between 2-7 days but not beyond this interval.56 

The increased risk of respiratory distress in twin pregnancies is thought to be 

multifactorial and includes lower gestational age at delivery, increased risk of 

caesarean delivery as well as genetic factors.93  A cohort study investigating the utility 

of multiple courses of antenatal corticosteroids in twin pregnancies, found that whilst 

respiratory distress syndrome was increased in twin pregnancies, no reduction was 

seen with either single or multiple course of antenatal corticosteroids.25 No 

randomised trials have been published in higher order multiple pregnancies, however 

a small retrospective cohort study reported no significant differences in surfactant use, 

birthweight or head circumference in triplets exposed to antenatal corticosteroids 

compared to those who were not exposed.34 There were also no adverse 

neurodevelopmental outcomes at 1 year of age in those exposed to anteatnal 

corticosteroids.34 International guidelines recommend administering antenatal 

corticosteroids, similar to that of a singleton pregnancy in this population, whilst 

acknowledging the limitations of the published data.11, 39  
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5.3 Diabetes  

 

Diabetes, both gestational and pre-gestational, is the most common medical condition 

experienced in pregnancy and the rates of both gestational diabetes and Type 2 

diabetes are increasing.69, 59 Maternal diabetes increases the risk of caesarean section 

and earlier delivery.102 Interestingly, the majority of studies examining the impact of 

antenatal corticosteroids on neonatal outcome have excluded women with diabetes or 

have had an extremely small population of women with diabetes from which the impact 

of antenatal corticosteroids on neonatal outcomes cannot be extrapolated.6, 71, 97, 9, 42 

This is despite the well-known risks of pre-gestational diabetes on obstetric outcomes 

including higher rates of preterm and early term cesarean sections and increased risks 

of neonatal respiratory distress syndrome.4, 18 Furthermore, the risk of maternal 

hyperglycemia after exposure to antenatal corticosteroids is well established.57, 48 

Pregnant women with pre-existing diabetes are at a higher risk of diabetic 

ketoacidosis, with diabetic ketoacidosis occurring at lower blood glucose levels 

compared with the non-pregnant population36, 41, and therefore the administration of 

antenatal corticosteroids may increase the risk of diabetic ketoacidosis. Maternal 

hyperglycemia can also lead to fetal hyperinsulinemia and therefore neonatal 

hypoglycemia and subsequent short, and long-term effects. Moreover, maternal 

hyperglycaemia and subsequent fetal hyperinsulinaemia is associated with delayed 

maturation of the surfactant producing Type II alveolar cells78, 66, 61 as well as fetal 
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myocardial hypertrophy.37 Myocardial hypertrophy can contribute to left ventricular 

outflow obstruction, poor cardiac output and congestive cardiac failure after birth; a 

combination that also contributes to neonatal respiratory distress.37 Thus, it is 

plausible that antenatal corticosteroids may exacerbate the fetal hyperinsulinaemia 

and subsequent respiratory distress in neonates born to women with diabetes, as well 

as increasing the risk of adverse events related to neonatal hypoglycaemia.   

 

5.4 Low resource settings  

 

Although the burden of preterm birth is highest in low income countries, these settings 

face a number of unique challenges including inaccuracy with gestational age 

estimation, difficulties in predicting preterm birth and the limited availability and access 

to resources required to support high quality evidence based care.108, 82, 96 Despite the 

evidence regarding the benefits of  antenatal corticosteroids in preventing morbidity 

and mortality following preterm birth, only a minority of women in low resource 

countries receive antenatal corticosteroids.20 The Antenatal Corticosteroids Trial 

(ACT), was a cluster-randomised trial in six rural and semi-urban low resource 

countries, which investigated the role of antenatal corticosteroids in addition to 

standard care, compared to standard care alone. The study was predominantly aiming 

to improve outcomes for small for gestational age babies.8 Although there was a 

significant increase in the use of antenatal corticosteroids, no differences in neonatal 

mortality were seen in the small for gestational age group. Conversely, in the overall 
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population, those exposed to antenatal corticosteroids had a significantly higher rate 

of neonatal mortality (RR 1.12, 95% CI 1.02-1.22) and suspected maternal infection 

(OR 1.45, 95% CI 1.33-1.5).8 The authors hypothesize the increased neonatal 

mortality may be due to poor prediction of gestational age. Consequently, the World 

Health Organisation only recommends antenatal corticosteroids in low income settings 

when gestational age is accurate, preterm birth considered imminent, in the absence 

of maternal infection and adequate obstetric and neonatal care are available.1 Given 

these concerns, there is an urgent need to assess the efficacy and harms of antenatal 

corticosteroids in this setting.105  

 

6. Conclusion 

 

A number of issues remain unresolved and controversies exist regarding the use of 

antenatal corticosteroids. Urgent high quality, reproducible studies with long term 

follow-up are required to establish the optimal dose and type of corticosteroid, the 

benefits and harms of repeated doses, and the role of corticosteroids in the late 

preterm and early term periods. The inclusion of neonatal hyperglycaemia as an 

outcome of interest in future trials will help to establish an understanding of the 

importance of this potentially significant adverse short-term outcome.  It is imperative 

to study special populations that have traditionally been excluded from trials of 

antenatal corticosteroids rather than simply rely on extrapolation from homogenous 

population based studies. Given the emerging concerns relating to longer term 
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adverse outcomes in older children and adults who were exposed to corticosteroids 

antenatally, longitudinal follow up studies are imperative. The implementation of 

antenatal corticosteroids in low income countries, where the burden of disease is the 

highest, requires particular attention. Perhaps the only facet of antenatal 

corticosteroids that we can have complete consensus on, is that a single course of 

antenatal corticosteroids when administered to a singleton pregnancy in a high income 

country between 24+0-34+6 weeks gestation, that subsequently delivers within seven 

days of administration, reduces the risk of neonatal death and improves neonatal 

outcome.
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Figure 1: Increased rate of respiratory morbidity after caesarean section compared to intended vaginal birth (data adapted 

from Hansen AK et al).1 
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Figure 2: Decreasing proportion of neurodevelopmental disability with increasing gestational age (data reproduced from 
Kerstjens JM et al).71  
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Table 1: Key recommendations regarding antenatal corticosteroid administration by international guidelines
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Guideline Recommendations 
regarding gestation 

for routine 
administration prior 

to preterm birth 

Recommendations 
regarding 

administration prior 
to 24+0 weeks 

gestation 

Recommendations 
regarding 

administration after 
34+0 weeks 

Recommendations 
regarding 

administration of 
repeat doses 

Recommendations 
regarding 

administration prior 
to elective caesarean 

section 
ACOG Committee 
Opinion No 713 2017 2  

• Single course when 
there is a risk of 
preterm delivery 
within the next 7 
days 

• 24+0 to 33+6 weeks  
 

 

• Individualise 
depending on the 
family’s decision 
regarding 
resuscitation 

• From 23+0 weeks  

• A single course 
when there is a risk 
of preterm delivery 
between 34+0 and 
36+6  

• Only for women 
who have not 
already received a 
course of 
corticosteroids 

 

• No more than 2 
courses  

• Only up to 34+0 
weeks’ gestation 

• Only if previous 
course was more 
than 14 days prior 

• A “rescue dose” 
can be given 7 
days after the prior 
course 

• No 
recommendations 

NICE Guideline (NG25) 
Preterm Labour and 
Birth 2015 3 

• 24+0 to 33+6 
weeks 

• Individualise 
according to 
circumstances 
between 23+0 and 
23+6 weeks 

• Consider between 
34+0 and 35+6 
weeks 

• Do not routinely 
offer repeat 
courses but if 
recommending 
consider interval 
between last dose, 
gestational age and 
likelihood of birth in 
next 48 hours 

• No 
recommendations 

New Zealand and 
Australian Clinical 
Practice Guidelines 
2015 4 

• Gestation less than 
34+6 weeks where 
birth is expected 
within 7 days (even 
if expected within 
24 hours) 

• No specific 
recommendation 
but no lower limit of 
gestation given in 
main 
recommendations 

• General 
recommendation is 
administration up to 
34+6 weeks 

• No specific 
recommendations 
beyond 34+6 
weeks apart from 
prior to elective 
caesarean 

• Gestation less than 
32+6 weeks where 
birth is expected 
within 7 days 

• At least 7 days 
after a previous 
course of 
corticosteroids 

• After 34+6 weeks if 
there is known fetal 
lung immaturity 

No. 364-Antenatal 
Corticosteroid Therapy 
for Improving Neonatal 

• Gestation between 
24+0 and 34+6 
weeks when 

• Women at risk of 
delivery between 
22+0 to 23+6 

• Consider between 
35+0 and 36+6 
weeks in select 

• Routine use of 
rescue or repeat 

• Routine use is not 
recommended prior 
to pre-labour 
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Outcomes Canada 
20185 

delivery is 
expected within 7 
days. 

weeks when 
delivery is 
expected within 7 
days and intensive 
care is planned for 
the baby. 

clinical situations 
after risks and 
benefits are 
discussed with the 
woman and the 
paediatric care 
provider(s) 

courses is not 
recommended 

• A single rescue 
course of antenatal 
corticosteroid 
therapy may be 
administered after 
risks and benefits 
are discussed with 
the woman 

Caesarean section 
at term 
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