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Abstract
Objective: Although it is generally accepted that antenatal corticosteroids reduce 
neonatal complications after preterm labour, it is unclear at what gestational age 
this effect starts to occur. We conducted a systematic review of the literature to 
determine the effects of antenatal corticosteroids given to women at risk of preterm 
birth < 26 weeks gestation.
Data sources and methods of study selection: two reviewers independently searched 
electronic databases and the Cochrane Library for randomized controlled trials 
including women at imminent birth at a gestational age < 26 weeks. 
Tabulation, Integration, and Results: Nine randomized trials were included. 
Meta-analyses and meta-regression of trials including participants with a lower 
gestational age revealed no significant reduction of neonatal mortality and 
morbidity in the corticosteroid group as compared to non-intervention, in contrast 
to clear evidence of beneficial effects in trials including women given corticosteroids 
at a higher gestational age.
Conclusions: A gestational age dependent effect of antenatal corticosteroids on 
neonatal outcomes with lesser treatment benefits in patients < 26 weeks gestational 
age appears to exist. There is no evidence from randomized controlled trials to 
support or refute the recommendation of administrating antenatal corticosteroids 
to women at risk of preterm birth < 26 weeks gestation. 
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Introduction
A single course of prenatal corticosteroids given to the mother at risk of giving 
preterm birth is effective in reducing respiratory distress syndrome (RDS) and 
mortality.1 However, in view of the current insight into the mechanism through 
which RDS develops and how corticosteroids act to reduce RDS it is unclear at 
what gestational age (GA) this treatment starts to become effective. It is likely that 
antenatal corticosteroids can only exert their effect on lung function once adequate 
numbers of primitive alveoli and lamellar bodies have started to appear, i.e. after 
26 weeks of gestation. Another uncertainty in the management of pregnancies 
that may result in the birth of an extremely premature baby below 26 weeks GA is 
whether, in case the pregnancy is not delivered, one “salvage” or repeat courses of 
antenatal corticosteroids need to be considered later in gestation. There is mounting 
evidence that repeated courses of steroids may harm the baby.2 Therefore, it is of vital 
importance to know whether the treatment is already effective at early gestational 
ages, i.e. before 26 weeks. 

Faced with this dilemma, we identified 8 web-based practice guidelines on the 
management of imminent premature birth by electronic searches of MEDLINE, 
TRIP database and the National Guideline Clearinghouse database (Table 1).3-10 
When we appraised these ‘evidence based’ guidelines using the AGREE instrument 
to evaluate the scientific quality of the guidelines and their applicability to our 
research question, we found that all guidelines except one distinctly advise to 
give corticosteroids to mothers with threatened preterm delivery from 24 weeks 
gestational age onwards but none of the guidelines provides any supporting 
evidence for benefit of this treatment for the neonates at this threshold of viability 
below 26 weeks gestational age. This is worrisome, as from the pathophysiologic 
viewpoint one might expect that steroids are not effective at these low gestational 
ages, whereas in women who do not deliver after a first course, the dilemma of harm 
and benefit of repeating steroids will occur.

The aim of this systematic review and meta-analysis was to determine the short 
and medium long term the effects of antenatal corticosteroids on fetal and neonatal 
mortality, pulmonary and neurodevelopmental sequelae. To this aim we used 
information from the available randomized controlled trials (RCT) of women at 
risk of preterm birth prior to 26 weeks treated with antenatal corticosteroids for 
accelerating fetal lung maturation. 

Effects of antenatal glucocorticoids and gestational age
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Methods
This systematic review was conducted and is reported according to the PRISMA 
statement.11

Eligibility criteria
To be included in the review, studies had to meet the following criteria: (1) it had to 
be a RCT, including women at risk for preterm birth given antenatal glucocorticoids 
prior to a gestation of 26 weeks. Trials that included at least partly women before 
a gestation of 26 weeks were also eligible; (2) the intervention was a standardized 
course of antenatal glucocorticoids; (3) the trials had to report on one or more of the 
prespecified outcome parameters for this review (see below). Trials investigating 
the effect of methylprednisolone, multiple drugs or other co-interventions were 
excluded. Trials investigating the effect of repeated glucocorticoid doses giving 
first doses in both the intervention and non-intervention arm or placebo arm were 
also excluded. However, trials repeating study medication weekly, but solely in the 
intervention arm were included when patients the non-intervention arm received 
no antenatal glucocorticoids at any point.

Information sources 
The systematic review in the Cochrane library was identified as having the most 
extensive (sensitive) search strategy including all RCTs on antenatal corticosteroid 
treatment. Since the scope of the current review is to establish the effects of 
corticosteroids in extremely premature neonates, the Cochrane Library review was 
searched for RCTs also including women prior to 26 weeks gestation.1 We identified 
new clinical trials by electronic searches of MEDLINE (from 2005 onwards), 
EMBASE (from 2005 onwards), CINAHL (from 2005 onwards) and the CENTRAL in 
the Cochrane Library from the point when the Cochrane review was last updated 
in October 2005.

Search and study selection 
The electronic databases were independently searched by two reviewers (WO 
and MDL) using the Medical Subject Heading terms and text words steroid, 
glucocorticoid, betamethasone, dexamethasone or hydrocortisone combined with 
pregnancy or antenatal. The search was restricted to randomized controlled trials 
and human studies. No language restriction was used. Previous review manuscripts 
2006 onwards were hand searched and cross-referenced. Differences between 
reviewers in their inclusion or exclusion of studies were resolved by consensus.
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Data collection process 
Trial quality assessment of the included trials was performed and clinical data 
and outcome parameters were independently extracted by two reviewers (WO and 
MDL) using piloted forms. Disagreements were resolved by discussion. Original 
investigators of the included RCTs were not contacted to provide additional 
(unpublished) data.

Data items 
The following clinical data and outcome parameters were extracted: maternal 
characteristics (singleton or multiple pregnancy, preterm prelabour rupture of the 
membranes, elective preterm delivery) and neonatal patient characteristics (birth 
weight, length and head circumference at birth, gestational age, gender, APGAR 
scores, small for gestational age), number of patients randomized, type of intervention 
(including type of corticosteroid, dose, duration, frequency, repeated course or not), 
maternal and fetal/neonatal mortality, maternal adverse effects (glucose intolerance, 
hypertension, postnatal fever, admission to intensive care unit), presence of 
chorioamnionitis, incidence and severity of respiratory distress syndrome, 
incidence of mechanical ventilation; treatment with postnatal surfactant; incidence 
of sepsis, necrotizing enterocolitis (NEC), hypertension during hospitalization; 
duration of mechanical ventilation; mortality at 36 weeks postmenstrual age (PMA) 
and/or at hospital discharge; bronchopulmonary dysplasia (BPD) defined as oxygen 
dependency at 36 weeks PMA; long-term neurodevelopmental sequelae, including 
cerebral palsy and Bayley’s Scales of Infant Development (Mental Development 
Index, MDI). 

Risk of bias in individual studies 
Trial quality assessment of the included trials was performed using the criteria 
described in the Cochrane Reviewers’ Handbook,12 rating the following: risk for 
bias by insufficient allocation concealment, blinding of intervention, completeness 
of follow-up and blinding of outcome measurements.

Summary measures and synthesis of results 
Meta-analysis of the extracted data was performed using the standard methods of 
the Cochrane Neonatal Review Group.12 First, the included trials were examined 
for reporting the specified outcomes in subgroups of patients born after a gestation 
less than 26 weeks. Subsequently, the relation between the mean gestational age 
of the included patients in the non-intervention arm and the effect estimates was 
investigated. The mean gestational age of the patients in the non-intervention arm 
at trial entry were used, unless this parameter was not reported in the manuscript; 
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in those cases the mean gestational age at delivery was used. To investigate whether 
using age at delivery influenced the results, separate analyses were performed 
including only the RCTs reporting the mean gestational age at trial entry and the 
trials reporting the mean gestational age at delivery.

Weighted meta-regression analysis using Stata 9.2 (Stata Corporation, College 
Station, Texas, USA) was performed to explore a mean gestational age to effect size 
relation. For each outcome parameter, the individual risk difference of the separate 
trials was plotted against the mean gestational age in the non-intervention arm of 
that study as the independent variable. When the scatter plot suggested the existence 
of a dosage to effect size relation, a weighted meta-regression with the mean 
gestational age in the placebo arm as the independent covariate was performed. In 
a subsequent analysis, the trials were divided into two subgroups by assigning each 
included study based on the mean gestational age in the non-intervention arm as 
described above. We used an arbitrary cut-off point of 28 weeks mean gestational 
age in the non-intervention arm as this divided the trials into two distinctive 
subgroups. Next, the dichotomous outcomes treatment effect estimates for all trials 
were calculated, expressed as typical relative risk (RR), all with a 95% confidence 
interval (CI). Finally, gestational age-specific estimates on all outcome parameters 
were pooled in the predefined subgroups. 

Risk of publication bias, heterogeneity across studies 
In the absence of statistical heterogeneity in one of the subgroups (p > 0.05), 
fixed-effects models were used for the meta-analyses and meta-regression, otherwise 
random effects models were used. Again, a similar analysis was done using mean 
gestational age at delivery. The possibility of publication bias was assessed by 
performing a funnel plot using the effect of each trial by the inverse of its standard 
error. This funnel plot was evaluated by sight for asymmetry. 

Additional analyses 
Sensitivity analyses were pre-specified and performed to assess the role of trials 
that were non-placebo controlled. The usage of the mean gestational age at trial 
entry and at delivery was compared in subgroup analyses and meta-regression; 
treatment effect estimates with or without inclusion of those trials were compared.
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Results
Study selection 
The results of the search strategy for randomized controlled trials and the flow of 
information through the different phases of the review are shown in Figure 1. The 
2005 Cochrane review included 21 placebo controlled RCTs investigating the effect of 
antenatal steroids on women at high risk of giving preterm birth.1 After reading the 
abstracts of these trials, six were excluded for the current review, for only women with 
a gestation > 26 weeks were included in these trials.13-18 Reading the full manuscripts 
of the remaining trials excluded six more trials for the same reason.19-24 One more 
trial was discarded because no gestational age of the patients was reported.25 

Figure 1. Flow of inclusion randomized controlled trials in different phases of search. RCTs Randomized controlled 
trials; ANS Antenatal steroids; GA Gestational age.

217 Potentially relevant citations screened for retrieval 
(May 2006 onwards)

21 RCTs identified by the Cochrane Review(1)

13 Abstracts retrieved for more detailed evaluation
from electronic search 

204 Citations excluded 
(clearly not relevant)

6 Abstracts of RCTs included in the Cochrane 
reveiw were excluded, because the abstract 
stated that participants with a gestation 
> 26 weeks were included(13-18)

17 full-text articles assessed for eligibility
- 15 from Cochrane
- 2 from the electronic search

9 of full-text articles excluded
- 1 RCT GA not reported(25)

- 6 RCTs not including patients < 26 wks GA(19-24)

- 1 RCT not placebo-controlled(36)

9  studies included in
quantitative synthesis
(meta-analysis)(26-33,35)

21 Abstracts from Cochrane RCTs 
retrieved for more detailed evaluation

11 Abstracts from electronic search excluded, because
- 7 RCTs on repeated doses ANS(43-49) 
- 2 RCTs including only full term pregnancies (50,51) 

- 2 RCTs giving steroids without imminent 
delivery(52,53)

Effects of antenatal glucocorticoids and gestational age

29

proefschrift  onland.indb   29 15-9-2011   09:51:29



Eventually, 8 trials identified by the 2005 Cochrane review were included in this 
review.26-33 Two RCTs were only reported as abstracts.26,33 Cross-referencing these 
trials and the Cochrane review revealed one additional report on long term follow-
up of the original trial.34 The electronic search for RCTs from October 2005 onward 
yielded 217 citations (Figure 1). Most citations were clearly not relevant to our scope. 
The abstracts of two manuscripts disclosed potential to be included in this review. 
After reading these two full manuscripts, one RCT was included in this review35, 
whereas the second manuscript compared betamethasone versus dexamethasone 
without a non-intervention arm and was therefore excluded.36

Study characteristics 
The combined searches for RCTs combined revealed 9 trials randomizing 1,118 
newborn patients to be included in this review. Seven trials included preterm 
infants with a similar gestational age and birth weight, whereas two trials included 
patients with considerable lower gestational age and birth weight (Table 2).31,32 
Trial publication dates ranged from 1980 to 2006, which explains the variations in 
mean gestational age, mean birth weight and the use of exogenous surfactant. The 
included trials varied considerable in the prescribed dosage schedules of study 
medication. Three trials used dexamethasone as their intervention medication in 
comparable dosage schedules.28,32,35 The other trials investigated betamethasone 
with an dosage of 12 mg per day for two consecutive days, except the trial of Parsons 
et al. which used betamethasone at a dose of 24 mg/day for two consecutive days.33 
Five trials repeated study medication weekly whereas in four studies a single course 
was given. The five trials with weekly repeated study medication did so until 
delivery or until a gestational age varying from 32 weeks to 34 weeks except for two 
trials.31,32 The latter trials prescribed weekly corticosteroids until a gestational age 
of 28 and 29 weeks, respectively, after which the participants in both treatment and 

Table 1: Current practice guidelines on the management of imminent preterm birth

Author Publication 
year

Systematic 
review included

Clearly 
described  study 
selection criteria

Clear methods 
to develop  

recommendations

Explicit 
discussion of 

health benefits/
harm

Revised in the 
last 5 years

Subgroup analysis 
for GA < 26 wks

Advise giving  Ccs 
from 24 wks

Lamont4 2003 Yes Yes Yes Yes No No Yes
Crane5 2003 Unclear No +/- Yes No No Yes
RCOG6 2004 Yes Yes Yes Yes No No Yes
Di Renzo7 2006 No No No Yes Yes No Yes

Sweet8 2007 Unclear No +/- Yes Yes No No minim GA advised
Pignotti9 2007 No No No Yes Yes No Yes
Miracle3 2008 No No +/- Yes Yes No Yes
ACOG10 2008 Unclear No No Yes Yes No Yes
Ccs: corticosteroids; Minim: minimum; GA: Gestational age 
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non-intervention arm were off study protocol and treated at the judgment of the 
attending physician.
The trial performed by Carlan et al. investigated the effects of antenatal steroids 
combined with thyrotropin-releasing hormone versus non-intervention in a 
three-arm trial design.26 In the current review only data from the non-intervention 
arm and the intervention arm with solely antenatal steroids were used. The trial 
performed by Doran et al. reported the incidence of RDS in subgroups born before 
28 weeks gestation and above 28 weeks gestation without reporting the mean 
gestational age at treatment onset in these different subgroups.30 These data were 
included in the subgroup meta-analyses of RDS, in the subgroup meta-analyses for 
the other clinical outcomes and the meta-regression analyses using mean gestational 

Table 1: Current practice guidelines on the management of imminent preterm birth

Author Publication 
year

Systematic 
review included

Clearly 
described  study 
selection criteria

Clear methods 
to develop  

recommendations

Explicit 
discussion of 

health benefits/
harm

Revised in the 
last 5 years

Subgroup analysis 
for GA < 26 wks

Advise giving  Ccs 
from 24 wks

Lamont4 2003 Yes Yes Yes Yes No No Yes
Crane5 2003 Unclear No +/- Yes No No Yes
RCOG6 2004 Yes Yes Yes Yes No No Yes
Di Renzo7 2006 No No No Yes Yes No Yes

Sweet8 2007 Unclear No +/- Yes Yes No No minim GA advised
Pignotti9 2007 No No No Yes Yes No Yes
Miracle3 2008 No No +/- Yes Yes No Yes
ACOG10 2008 Unclear No No Yes Yes No Yes
Ccs: corticosteroids; Minim: minimum; GA: Gestational age 

CI Confidence interval; RCTs Randomized controlled trials; MGA Mean gestational age.

Overall  (I-squared = 10.3%, p = 0.350)

Subtotal  (I-squared = 0.0%, p = 0.500)

Lewis

Parsons

Gamsu

Silver

Doran

Kari

Subtotal  (I-squared = 13.3%, p = 0.330)

RCTs with MGA ≤ 28 wks

Garite

RCTs with MGA >28 wks

Study

0.73 (0.52, 1.02)

0.98 (0.57, 1.67)

1.03 (0.07, 15.82)

0.32 (0.01, 7.45)

0.71 (0.39, 1.31)

RR (95% CI)

0.78 (0.32, 1.90)

0.28 (0.11, 0.73)

1.13 (0.43, 2.99)

0.62 (0.40, 0.96)

1.14 (0.59, 2.21)

49/458

20/90

1/38

0/23

15/131

Treatment

8/54

5/81

8/95

29/368

12/36

Events,

65/438

20/83

1/39

1/22

22/137

Control

8/42

14/63

7/94

45/355

12/41

Events,

100.00

30.16

1.47

2.29

32.08

Weight

13.43

23.50

10.50

69.84

16.74

%

  1..2 ..5 2 5
Favours intervention             Favours non-intervention

Figure 2. Subgroup meta-analysis of the outcome fetal and neonatal death.
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age, the results of the whole trial were used. Liu et al. investigated the effects of 
vitamin K with or without the combination of antenatal steroids, given for either 
one day or two consecutive days versus a non-intervention arm.35 For the analyses 
in this review only the randomized group of patients receiving solely the antenatal 
corticosteroids and the non-intervention arm were used. 

Table 2. Characteristics of included trials

Author Year N Patients 
(IA/NIA)

GAI (wk) 
(IA/NIA)

GAD (wk) 
(IA/NIA)

BW (g) 
(IA/NIA)

TS DD TDT R

Parsons33 1988 23/22 29.7/29.7 1561/1869 Beta 2 dd 12mg 2 days Yes, until 32 wks
Gamsu27 1989 131/137 31.5/31.4 34.7/33.6 2203/2133 Beta 3 dd 4mg 2 days No
Carlan26 1991 13/11 31/30 1864/1840 Beta 1 dd 12mg 2 days Yes, until 34 wks
Kari28 1994 94/94 28.9/28.9 31.5/32.4 1654/1783 Dexa 2 dd 6mg 2 days No

Lewis29 1996 38/39 29.3/29.7 31.4/32 1611/1734 Beta 1 dd 12mg 2 days Yes, until delivery
Liu35 2006 133/87 32/31.9 1995/1995 Dexa 1 dd 10mg 1 or 2 days No
Doran30 1980 81/63 30.3/29.1 33.6/31.8 2086/1880 Beta 2 dd 6mg 2 days No
Garite31 1992 40/42 25.5/25.8 1242/1071 Beta 1 dd 12mg 2 days Yes, until 28 wks*
Silver32 1996 54/42 25.1/25.6 26.9/26.6 917/941 Dexa 2 dd 5mg 2 days Yes, until 29 wks*
IA/NIA: intervention arm/non-intervention arm; GAI mean gestational age in weeks at trial inclusion; GAD mean 
gestational age in weeks at delivery; BW birth weight in grams; TS type of study medication; Beta betamethasone; Dexa 
dexamethasone; DD/dd daily dose of study medication; TDT total days of therapy; R weekly repeated schedule; SF 
surfactant; * after respectively 28 and 29 wks the participants were off study protocol and treated at the discretion of the 
attending physician

RCTs Randomized controlled trials; MGA Mean gestational age; Since Doran et al.30 reported respiratory distress 
syndrome in subgroups ≤ and > 28 weeks gestational age these data were divided in the corresponding subgroups 
(Doran(1) and Doran(2))

Overall  (I-squared = 50.8%, p = 0.032)

Liu

Doran (1)

Parsons

RCTs with MGA >28 wks

Gamsu

Lewis

Study

Doran (2)
Carlan

Subtotal  (I-squared = 0.0%, p = 0.528)

Subtotal  (I-squared = 0.0%, p = 0.901)

Garite

Kari

RCTs with MGA ≤ 28 wks

Silver

0.72 (0.61, 0.84)

0.55 (0.29, 1.02)

0.87 (0.26, 2.92)

0.96 (0.22, 4.24)

0.44 (0.19, 1.04)

0.42 (0.20, 0.90)

0.17 (0.02, 1.39)
0.30 (0.04, 2.27)

0.58 (0.45, 0.75)

0.95 (0.79, 1.14)

0.91 (0.65, 1.26)

RR (95% CI)

0.73 (0.52, 1.02)

0.98 (0.81, 1.20)

135/549

15/133

3/11

3/23

7/130

7/38

Events,

1/25
1/11

68/451

67/98

21/33

Treatment

34/91

43/54

175/498

18/87

5/16

3/22

16/132

17/39

Events,

4/17
4/13

108/400

67/98

28/40

Control

46/90

34/42

100.00

12.10

2.27

1.71

8.83

9.33

%

2.65
2.04

62.38

37.62

14.08

Weight

25.72

21.27

0.72 (0.61, 0.84) 135/549

  1..2 ..5 2
Favours intervention             Favours non-intervention

Figure 3. Subgroup meta-analysis of the outcome respiratory distress syndrome. 
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Risk of bias within studies 
The overall methodological quality of the trials was found to be ‘moderate’ to 
‘fair’ (Table 3). Although all studies reported to be randomized trials, 5 articles did 
not state the method of randomization. Only 3 out of 9 RCTs were judged to have 
adequate concealment of allocation29,31,32 and 4 RCTs described no clear blinding of 
intervention.26,29,33,35 The follow-up rate was reported in 7 of the 9 RCTs and judged 
to be good, but most reports did not report sufficiently on blinding of outcome 
assessment.

Results of individual studies and synthesis of results 
None of the included trials reported the effect of antenatal steroids in a 
subgroup of patients born before 26 weeks gestation. Therefore, meta-regression 
and meta-analyses were performed using the mean gestational age in the 
non-intervention arm as the independent variable.

Fetal and neonatal mortality: Meta-regression analysis did not show a significant 
correlation between the mean gestational age in the non-intervention arm and 
the risk of fetal and/or neonatal mortality (Table 4). However, both outcomes 
showed a negative regression coefficient suggestive for an inverse relation between 
the gestational age and the risk for fetal and/or neonatal mortality. The overall 
meta-analyses revealed no significant differences in the combined fetal and 
neonatal mortality rates between the antenatal steroids arm and non-intervention 
arm (Figure 2). However, in trials with a mean gestational age > 28 weeks 
administration of corticosteroids did significantly reduce the risk for this combined 
outcome (typical RR 0.62, 95% CI 0.40, 0.96) and the outcome mortality at hospital 
discharge (typical RR 0.61, 95% CI 0.39, 0.93). The meta-analyses of the two trials 
with a mean gestational age ≤ 28 weeks showed no evidence of a difference between 
the intervention and non-intervention arm regarding these outcomes (Table 5). 
Respiratory distress syndrome: Meta-regression analysis showed no significant 
correlation between the mean gestational age in the non-intervention arm and the 
risk of respiratory distress syndrome (RDS). Again, the outcomes showed a negative 
regression coefficient suggestive for an inverse relation between the gestational 
age and the risk for RDS (Risk Difference -0.45% per week of GA, 95% CI -3.00, 
2.11). The overall meta-analyses showed a typical relative risk of RDS between the 
antenatal steroids arm and non-intervention arm of 0.72 (95% CI 0.61, 0.84) (Figure 
3). This effect estimate was derived from the trials with a mean gestational age > 28 
weeks, because the subgroup analyses of these trials showed a significant reduction 
(typical RR 0.58, 95% CI 0.45, 0.75), whereas the meta-analysis of the trials with a 
mean gestational age of ≤ 28 weeks showed no evidence of a difference between the 
two arms (typical RR 0.95, 95% CI 0.79, 1.14). 

Effects of antenatal glucocorticoids and gestational age
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Neurodevelopment: Only one trial reported long term neurodevelopmental 
development outcomes of a subgroup of participants recruited in a single center.34 
Therefore, no meta-regression or meta-analysis could be performed. This article 
reported on the neurodevelopmental outcome of 82 surviving participants, showing 
intact survival of 52% in the treated arm compared to 34% of the placebo treated 
participants (not statistically significant). No results in subgroups according to 
gestational age were reported.

Short term neonatal outcomes: Meta-regression analysis did not show significant 
associations between the mean gestational age and short term neonatal outcomes 
(Table 4). Overall and subgroup meta-analyses of the short term neonatal outcomes 
showed no significant differences in almost all of these outcome parameters, except 
for severe IVH: a significant reduction of IVH grades III-IV in favor of antenatal 
steroid treatment was found. This effect appeared to be independent of the mean 
gestational age (Table 5). 

Risk of bias across studies 
Given the presence of heterogeneity for the outcomes PDA and IVH grades III-IV in 
the subgroup meta-analyses, these estimates were calculated using random effect 
models. Clear asymmetries in the funnel plots were not found (figures not shown). 

Additional analyses 
None of the sensitivity analyses for other factors revealed a different pattern of results 
between the two subgroups (i.e. mean GA ≤ 28 weeks and >28 weeks) suggesting 
that these results were independent of the inclusion of non-placebo controlled trials 
and usage of the mean gestational age at trial entry or at delivery (data not shown). 

Table 3. Methodological quality of included trials

Author Randomization Concealment 
of allocation

Blinding of 
intervention

Follow-up ratea Blinded outcome 
assessment b

Parsons33 Yes, method not stated Insufficient data No 100/100 No
Gamsu27 Yes, method not stated Insufficient data Yes 100/100 Insufficient data
Carlan26 Yes, method not stated Insufficient data No Insufficient data Insufficient data
Kari28 Yes, block randomization Insufficient data Yes 96/94 Adequate

Lewis29 Yes, random table Adequate No 98/98 Insufficient data
Liu35 Yes, method not stated Insufficient data No Insufficient data No
Doran30 Yes, method not stated Insufficient data Yes 100/100 Insufficient data
Garite31 Yes, table random sequence, 

in sealed envelopes
Adequate Yes 90/98 Insufficient data

Silver32 Yes, computer generated Adequate Yes 100/100 Adequate
a Follow-up rate in percentages (Intervention/non-intervention) b Blinded assessment of outcome parameters at follow-
up
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Discussion
The administration of antenatal corticosteroids is generally considered to be one of the 
leading causes of improved neonatal outcome over the past decades. However, this 
progress has not been without debate about the choice of drug, the dosage, and mostly 
about whether corticosteroids should or should not be given repeatedly to women with 
threatened preterm delivery2,37 In this context, it is of vital importance to establish the 
utility in terms of efficacy and potential harms of antenatal steroids given to women 
prior to 26 weeks gestation to the neonates born at this gestational age. 

The present review summarized all available randomized evidence from RCTs 
which included women at risk of preterm birth before 26 weeks gestation. None 
of the existing RCTs reported the benefits or harms of antenatal corticosteroids in 
this specific subgroup. Therefore, no direct head-to-head comparison can be shown 
in order to guide clinicians whether to refute or endorse antenatal corticosteroids 
in this group of patients. However, using meta-regression analysis and subgroup 
meta-analysis of the existing randomized trials, we show that the beneficial effect 
of antenatal corticosteroids on fetal and neonatal mortality and RDS is clearly less 
apparent when given at a gestational age below 28 weeks.

All recent practice guidelines that we found3-10, distinctly recommend the 
administration of antenatal corticosteroids to mothers with threatened preterm 
delivery from 24 weeks gestational age onwards. However, none of these guidelines 
provide sufficient supporting evidence for this recommendation. 

The overall incidence of the combined outcome fetal and neonatal death, mortality 
at hospital discharge and respiratory distress syndrome were reduced significantly 
by antenatal corticosteroid treatment as compared to placebo or non-intervention. 
This reduction is positively related to the gestational age of the participants. 
Analyses of the individual trials in subgroups based on mean gestational age at 
participant inclusion show that the treatment effect of antenatal corticosteroids is 
only statistically significant in the infants at a mean gestational age of > 28 weeks. 
No evidence of any beneficial effect can be shown in the subgroup of trials that 
included participants with a mean gestational age ≤ 28 weeks. 

In contrast to these results, recent observational cohort studies show that 
administration of antenatal corticosteroids to infants born at extremely low 
gestational age are independently associated with reduction of mortality and 
respiratory distress syndrome.38-40 However, these types of studies are sensitive for 
major potential biases, such as selection bias, information bias and confounding and 
cannot be used as a sufficient basis for clinical management decisions. 
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Given the apparent lack of evidence for beneficial effects of antenatal corticosteroid 
therapy below 28 weeks of gestation as found in this review we can only speculate 
on the possible mechanisms, whether beneficial or harmful, explaining these 
findings. To understand the potential of steroids in extremely preterm infants 
we have to consider the current insights in fetal lung development. The direct 
effect of corticosteroids on lung development by maturation of the alveoli might 
differ depending on the gestational age at exposure, considering that the alveoli 
develop from 28 to 35 weeks’ gestation and with increasing age they become more 
mature. A possible harmful mechanism might be that administration of antenatal 
corticosteroids might cause an arrest of development of terminal bronchioles, 
leading to fewer and larger end lobules.41 On the other hand, corticosteroids may 
increase development of the lamellar bodies storing surfactant.42

An alternative explanation for the apparent lack of effect of antenatal corticosteroids 
on the pulmonary condition and clinical outcome (i.e. mortality) in the subgroup 
of participants with a mean gestational age of ≤ 28 weeks may be that the analyses 
are just underpowered. Most participants with a mean gestational age of ≤ 28 weeks 
were included in the trials with a mean gestational age of > 28 weeks. And so it may 
be that the lack of effect is a mixture of positive effects for babies born > 28 weeks and 
negative effects for those born ≤ 28 weeks. The fact that the point estimates of the 
various different outcomes in the subgroup with a mean gestational age ≤ 28 weeks 
are considerably stable suggests a genuine lack of effect of antenatal corticosteroids 
in this gestational age group. 

The lack of evidence for beneficial effect on short term neonatal outcomes, such 
as the incidence of PDA, sepsis, NEC and BPD at 28 days postnatal age should be 

Table 4. Meta-regression risk difference and mean gestational age of the non intervention arm

Outcome Nra (n) RD (%) (95% CI)b

Mortality and pulmonary outcome 
Fetal and neonatal mortality 7 (896) -0.68 (-4.07, 2.71)
Neonatal Mortality 7 (896) -0.26 (-2.18, 2.71)
Mortality at hospital discharge 5 (755) -0.79 (-7.24, 5.66)
RDS 9 (1047) -0.45 (-3.00, 2.11)

Short term neonatal outcome
PDAc 4 (303) -6.57 (-34.8, 21.7)
NEC 3 (352) -0.46 (-37.4, 36.5)
Sepsis 5 (636) -0.26  (-2.46, 1.95)
IVH all grades 4 (429) -1.02 (-12.9, 10.88)
IVH grades III-IV 4 (470) 1.59 (-0.43, 3.71)
BPD 3 (348) -0.55  (-4.54, 3.45)

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference (%) with 95% 
confidence interval per increasing week of gestation; c Given statistical heterogeneity random-effects model used; RDS 
Respiratory distress syndrome; PDA Persistent ductus arteriosus; NEC Necrotising enterocolitis; IVH Intraventricular 
hemorrhage; BPD Bronchopulmonary dysplasia at 28 days postnatal age.
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interpreted with caution. A possible explanation could be lack of power, because 
fewer trials with a small amount of infants were included compared to the Cochrane 
review.1 The only exception was the frequency of IVH grades III-IV. Administration 
of antenatal corticosteroids significantly reduced IVH grades III-IV regardless of 
the mean gestational age. However, these results were derived from subgroups of 
the original trials with small numbers in the numerator and denominator in both 
treatment and non-intervention arm, and therefore the relation to the administration 
of antenatal steroids remains questionable.

Our meta-analysis has several limitations. First, the trials that we included varied 
with regard to clinical characteristics of patients and study design. Besides the mean 
gestational age, trials also varied in the total exposure to antenatal corticosteroids 
due to a repeated schedule or not. It is unknown if and how these factors affect the 
treatment effect of antenatal corticosteroids in babies born before 26 weeks gestational 
age on the outcome parameters reported in this review. Furthermore, not all trials 
reported the primary and secondary outcome parameters. Although we pooled 
the data as if they were from clinically homogeneous studies, the apparent clinical 
diversity potentially compromises the validity of the results of our meta-analysis 
and we used the more conservative random effect models to avoid overestimation of 
spurious effects. Second, as discussed above, the sample size of the majority of trials 
was relatively small, which may have resulted in inadequate power to detect small, 
but clinically relevant differences in some of the important outcome parameters, 
especially during meta-regression and subgroup meta-analysis. Third, although the 
funnel plots did not show clear signs of publication bias, we cannot exclude this due 
to the small number of RCTs included. However, if this bias would exist, it would 
not interfere with the above described results since publication bias would lead to 
overestimation of the found effect estimates.

This review has implications both for daily practice and future research. None of 
the available practice guidelines provide evidence on the effectiveness of antenatal 
corticosteroids given prior to 26 weeks gestation and none of the RCTs reported 
on the effect of this treatment on the various different postnatal outcomes in this 
specific subgroup of patients. Therefore, this review fails to support or refute 
recommendations on the use of this treatment. 

Since the use of antenatal corticosteroids has become a standard practice in daily care 
of women at imminent preterm birth, the international community may be reluctant 
to prosecute a new placebo controlled trial in this specific group of immature 
patients. In order to help answer these unanswered questions on giving antenatal 
corticosteroids to women at imminent birth prior to 26 weeks of gestation, this 
review based on aggregate data may be enhanced by collecting and reanalyzing the 
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original data on each individual infant in each trial we have identified in a so called 
“individual patient data” or IPD meta-analysis. The use of IPD will allow for more 
appropriate and flexible analyses of both subgroups and outcomes. This reanalysis 
will provide more detailed information, thereby improving the applicability of the 
evidence in clinical practice. After such an IPD analysis the international obstetric 
and neonatal community will have to decide whether a large RCT including this 
specific subgroup of patients comparing administration of antenatal corticosteroids 
with a placebo group is needed to confirm or refute its findings, and to guide clinical 
practice.

We conclude that there is no evidence from randomized controlled trials showing 
beneficial effects of corticosteroid-treatment to women with threatened preterm 
labour prior to 26 weeks gestation. Meta-analysis and meta-regression of the 
available randomized evidence suggests that this therapy might have less beneficial 
effect on fetal and neonatal mortality and respiratory distress syndrome when given 
to patients at gestational age below 28 weeks. Given the present uncertainty with 
regard to benefits and harms of administrating antenatal corticosteroids at women 
at imminent birth prior to 26 weeks and the potential dangers of having to subject 
these women to multiple courses, empirical studies including IPD meta-analysis of 
existing data should be performed.

Table 5. Overall and subgroup meta-analyses according to mean gestational age in the non-intervention arm

Outcome All trials MGA ≤ 28 wks MGA > 28 weeks

Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and pulmonary outcome
Fetal and neonatal 
mortality

7 (896) 0.73 (0.52, 1.02) 2 (173) 0.98 (0.57, 1.67) 5 (723) 0.62 (0.40, 0.96)*

Neonatal Mortality 7 (896) 0.74 (0.51, 1.07) 2 (173) 0.86 (0.48, 1.53) 5 (723) 0.68 (0.43, 1.09)

Mortality at hospital 
discharge

5 (755) 0.71 (0.49, 1.02) 1 (77) 1.14 (0.59, 2.21) 4 (678) 0.61 (0.39, 0.93)*

RDS d 10 (1047) 0.72 (0.61, 0.84)* 3  (196) 0.95 (0.79, 1.14) 7 (851) 0.58 (0.45, 0.75)*
Short term neonatal outcome

PDAc 4 (303) 0.85 (0.67, 1.09) 2 (169) 1.12 (0.59, 2.11) 2 (134) 0.43 (0.15, 1.24)
NEC 3 (352) 1.12 (0.46, 2.72) 1 (96) 1.04 (0.25, 4.38) 2 (256) 1.12 (0.38, 3.60)
Sepsis 5 (636) 0.60 (0.28, 1.29) 1 (73) 0.40 (0.04, 3.70) 4 (563) 0.64 (0.28, 1.45)
IVH all gradesc 4 (429) 0.74 (0.51, 1.07) 2 (131) 0.90 (0.45, 1.78) 2 (298) 0.61 (0.31, 1.22)
IVH grades III-IV 5 (470) 0.42 (0.25, 0.70)* 2 (95) 0.20 (0.06, 0.64)* 3 (375) 0.53 (0.30, 0.95)*
BPD at 28 days PNA 3 (348) 1.22 (0.85, 1.74) 2 (169) 1.18 (0.78, 1.79) 1 (179) 1.29 (0.65, 2.57)

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference with 
95% confidence interval; c Given statistical heterogeneity random-effects model used; d Since Doran etal.30 reported 
respiratory distress sydrome in subgroups ≤ and > 28 weeks gestational age these data were divided in the corresponding 
subgroups; MGA Mean gestational age; RDS Respiratory distress syndrome; PDA Persistent ductus arteriosus; NEC 
Necrotising enterocolitis; IVH Intraventricular hemorrhage. BPD Bronchopulmonary dysplasia at 28 days postnatal age; 
* Statistical significance (p<0.05)
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