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Abstract
Context: Postnatal dexamethasone therapy reduces the incidence of bronchopulmonary 
dysplasia in preterm infants but may be associated with an increased risk for adverse 
neurodevelopmental outcome.
Objective: To determine whether the effects of dexamethasone on mortality, 
pulmonary and neurodevelopmental sequelae in preterm infants are modified by 
the cumulative dose given. 
Data Sources: Electronic databases, manual reference search and abstracts from the 
Pediatric Academic Societies.
Study selection: Randomized controlled trials comparing dexamethasone with 
placebo in ventilated preterm infants older than 7 days.
Data extraction: Two reviewers independently assessed eligibility and quality of trials 
and extracted data on study design, patient characteristics and relevant outcomes. 
Original trialists were asked to provide additional data.
Data synthesis: Sixteen trials including 1,136 patients were analyzed using 
meta-analysis and meta-regression. Additional data were provided by 12 original 
trialists. Trials with a moderately early (7 – 14 days) or delayed (> 3 weeks) postnatal 
treatment onset were analyzed separately. Higher dexamethasone doses reduced 
the relative risk (RR) for the combined outcome mortality or bronchopulmonary 
dysplasia, with the largest effect in trials using a cumulative dose above 4 mg/
kg (moderately early typical RR 0.57; 95% confidence interval (CI), 0.39-0.84; 
delayed typical RR 0.75; 95% CI, 0.60-0.93). No effect was found of doses on the 
risk of neurodevelopmental sequelae in the delayed treatment studies, but in the 
moderately early treatment studies the risk of mortality or cerebral palsy decreased 
by 6.2% (95% CI -11.1%,-1.3%), and the risk of a mental developmental index below 
-2SD decreased by 6.6% (95% CI -13.0,-0.2) for each incremental mg/kg cumulative 
dexamethasone dose. 
Conclusions: Higher cumulative dexamethasone doses administered after the 
first week of life may decrease the risk for bronchopulmonary dysplasia without 
increasing the risk for neurodevelopmental sequelae in ventilated preterm infants. 
A large randomized trial is needed to confirmed or refute these findings.
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Introduction
Randomized controlled trials (RCTs) summarized in several systematic reviews 
have shown that postnatal systemic dexamethasone reduces the incidence of 
bronchopulmonary dysplasia (BPD) and the combined outcome BPD and death 
in ventilated preterm infants.1-3 However, in response to alarming reports that 
treatment with dexamethasone may increase the risk of cerebral palsy (CP), the 
American Academy of Pediatrics, Canadian Paediatric Society, and the European 
Association of Perinatal Medicine issued new guidelines stating that the use of 
systemic glucocorticoids should be restricted to high risk infants who cannot be 
weaned from mechanical ventilation.4,5

These guidelines have resulted in a reduction in the clinical use of systemic 
dexamethasone in newborn infants from approximately 25% to 10%.6-9 Yet, recent 
reports suggest that this restricted use of dexamethasone leads to an increase of the 
incidence of BPD8,9, while the evidence for a concomitant decrease in the incidence 
of CP is limited.10 In an attempt to solve this dilemma, some authors have advocated 
the use of a lower dexamethasone dose, which, in theory, might still reduce the 
incidence of BPD but without increasing the risk of CP.11,12

To find this optimal dexamethasone dose, several RCTs have explored the effect 
of a standardized higher versus a lower cumulative dose of systemic postnatal 
dexamethasone on the important clinical outcomes in a head to head comparison.13-15 
However, the small number of patients included in these trials precludes definite 
conclusions. 

The aim of the present study is to assess the effect of various different cumulative 
dexamethasone doses as they are used in all available placebo-controlled RCTs 
on important clinical outcome parameters such as BPD and neurodevelopmental 
sequelae. We excluded RCTs that administered dexamethasone within the first week 
of life, because there is now convincing evidence that such early administration 
increases the risk for adverse neurodevelopmental outcome, and is no longer 
used in daily clinical practice.1 We used the estimates of the effects on these 
outcome parameters as the dependent, and the cumulative dexamethasone dose 
as the independent variables. To enhance the power of this analysis, we retrieved 
additional data on both the determinants and outcomes by contacting the original 
trialists.

Effects of postnatal glucocorticoids and cumulative doses
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Methods
Clinical trials were identified by electronic searches of MEDLINE (from 1966 
onwards), EMBASE (from 1974 onwards), CINAHL (from 1982 onwards) and the 
CENTRAL in the Cochrane Library, using the Medical Subject Heading terms and 
text words steroid, glucocorticoid and dexamethasone. The search was restricted to 
randomized controlled trials, human studies and infants: birth-23 months. Previous review 
manuscripts and the abstracts of the Pediatric Academic Societies and the European 
Society for Pediatric Research from 1990 onwards were hand searched.

To be included in the review, the trials had to meet the following criteria: (1) the 
study was a placebo controlled RCT, including ventilated preterm infants; (2) the 
intervention was a standardized (non-individualized) dosage regimen of systemic 
dexamethasone, initiated after 7 days postnatal age; (3) the trials had to report one 
or more of the outcome parameters reported in this review (see below). Trials using 
different types of glucocorticoids (hydrocortisone and methylprednisolone) or using 
only inhalation glucocorticoids were excluded. 

Trial quality assessment of the included trials was performed independently by two 
reviewers (WO and ADJ) rating the following: risk for bias by insufficient allocation 
concealment, blinding of intervention, completeness of follow-up and blinding of 
outcome measurements.

The following clinical data and outcome parameters were extracted independently 
by two reviewers (WO and ADJ): patient characteristics (birth weight, gestational age, 
gender), number of patients randomized, treatment with antenatal glucocorticoids, 
postnatal surfactant; details on the dexamethasone regimens (postnatal age at 
start, duration of therapy, cumulative dose); incidence of hypertension, sepsis or 
hyperglycemia during hospitalization; duration of mechanical ventilation, failure 
to extubate at day 3 and 7 after initiating therapy; use of “rescue treatment” with 
glucocorticoids outside the study; mortality at 36 weeks postmenstrual age (PMA) 
and/or at hospital discharge; BPD defined as oxygen dependency at 36 weeks PMA; 
long-term neurodevelopmental sequelae, assessed after at least 1 year corrected 
gestational age (CGA) and before a CGA of 4 year including cerebral palsy and 
Bayley’s Scales of Infant Development (Mental Development Index, MDI). Original 
investigators of the included RCTs were asked to confirm whether our data extraction 
was accurate and, where necessary, to provide additional (unpublished) data.

Trial results were analyzed according to the time of initiating therapy as defined by 
the Cochrane reviews, i.e. moderately early onset (7 – 14 days) or delayed onset (> 
3 weeks).2,3 Meta-analysis of the extracted data was performed using the standard 
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methods of the Cochrane Neonatal Review Group.16 First, subgroups were created 
by assigning each included study to one of three subgroups based on the cumulative 
dexamethasone dose used in the intervention arm. Because clear threshold values 
defining low, moderate and high dexamethasone doses are not available in the 
literature, we used arbitrary cut-off points of 2.0 mg/kg and 4.0 mg/kg as this 
resulted in an even distribution of the number of trials across the subgroups. Next, 
the treatment effect estimates for all trials were calculated, expressed as typical 
relative risk (RR) for dichotomous outcomes, and weighted mean difference (WMD) 
for continuous outcomes, all with a 95% confidence interval (CI). Finally, cumulative 
dose-specific estimates on all outcome parameters were pooled in the predefined 
subgroups. 

Weighted meta-regression analysis using Stata 9.2 (Stata Corporation, College 
Station, Texas, USA) was performed to explore a dosage to effect size relation. For 
each outcome parameter, the individual risk difference of the separate trials was 
plotted against the respective cumulative dose and duration of therapy of that study 
as the independent variable. When the scatter plot suggested the existence of a 
linear dosage to effect size relation, a weighted meta-regression with the cumulative 
dosage as the independent covariate was performed. In the absence of statistical 
heterogeneity (p > 0.05), fixed-effects models were used for the meta-analyses and 
meta-regression, otherwise random effects models were used.

Results
Study characteristics and methodological quality
The search identified 28 manuscripts, of which 7 were excluded for the different 
reasons (Figure 1). Of the remaining 21 manuscripts, 5 were follow-up publications 
of the original RCTs, leaving a total of 16 eligible original placebo controlled RCTs to 
be included in this review with 1,136 randomized patients.

Twelve original investigators provided additional data on their study methods, 
patients’ characteristics or outcome parameters. Data on pulmonary endpoints and 
mortality in the study by Kari et al. were obtained from the original investigator 
and consisted of a single center subgroup, whereas data on the short term adverse 
outcomes were based on the total study group.24 Compared to the Cochrane reviews 
published in 2003, five additional (moderately early) trials reported long-term 
neurodevelopmental follow-up of the survivors. These so far unpublished data were 
included in the present analyses.

Effects of postnatal glucocorticoids and cumulative doses
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The overall methodological quality of the trials was found to be fair to good (Table 
1). All trials included preterm infants with a similar gestational age and birth weight 
(Table 2 ). The trial dates ranged from 1985 to 2006, which probably explains the 
variations in the use of antenatal glucocorticoids and exogenous surfactant. Nine 
trials initiated dexamethasone therapy moderately early and 7 trials used delayed 

1055 Potentially relevant citations screened for retrieval
1040 Identified by Pubmed Search
15 Identified by search of meeting abstracts and 

other sources

106 Abstracts retrieved for more detailed evaluation
91 From Pubmed Search

15 From meeting abstracts and other                                 
sources

28 Full-text manuscripts or meeting abstracts 
retrieved for detailed information

21 Manuscripts or abstracts were included in the systematic review
16 original randomized placebo controlled trials
5 follow-up reports

949 Citations excluded (clearly not relevant)

78 Reports excluded
5 Not a randomized controlled trial
18 Not dexamethasone versus placebo
28 Initiation of therapy < 7 days PNA
11 Duplicate publications
16 Outcomes not relevant for review

7 Manuscripts excluded
4 Used “individualized” dosing of dexamethasone117-

20

1 No available data2

1 Hydrocortisone after dexamethasone course
1 Inclusion non-ventilated patients

20

23

Figure 1. Study selection. PNA, postnatal age
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Table 1. Methodological quality of included trials

Randomization Concealment of 
allocation

Blinding of 
intervention

Follow-up 
ratea 

Blinding of 
assessment

Kovacs25 Yes Adequate* Yes 68/72* Yes
Scott26 Yes Insufficient data Yes Insufficient data Yes
Walther27 Yes Adequate* Yes 80/76* Yes
Vento29 Yes Adequate* No 100/100* Yes

Durand30 Yes Adequate No 76/81* Yesb

Kari24 Yes Adequate* Yes Insufficient data Yes
Papile34,47 Yes Adequate Yes Not applicablec Yes
Romagnoli35 Yes Adequate No* 100/100 Yes*
Cummings33 Yes Adequate Yes 100/100/100d Yes
DART28,48 Yes Adequate Yes 97/93 Yes
Vincer31 Yes Adequate* Yes 100/100 Yes
CDTG32,49 Yes Adequate* Yes 85/94 Yes
Ariagno36 Yes Adequate Yes Insufficient data Yes
Ohlsson37 Yes Adequate Yes 100/100 Yes*
Kothadia38,50 Yes Adequate* Yes* 96/88 Yes
Avery39 Yes Insufficient data No Insufficient data No
a Follow-up rate in percentages (Dexamethasone/placebo) b Blinded assessment of outcome parameters at long-term 
follow-up; c Due to cross-over design long term follow up was not applicable; d Follow-up rate in percentages (High dose 
dexamethasone/Lower dose dexamethasone/placebo) * Additional data obtained from original investigators

Table 2. Patient characteristics of included trials

Patients 
(Dex/Pl)

GA (wk) 
(Dex/Pl)

BW (g) 
(Dex/Pl)

ANS (%) 
(Dex/Pl)

SF (%) 
(Dex/Pl)

Moderately early trials
Kovacs25 30/30 25.8/25.9 731/796 73/73 47/47
Scott26 10/5 27.0/27.0 1000/815 10/40 100/100
Walther27 17/19 28.5/28.6 993/1029 76/42 100/100

Vento29 10/10 27.3/27.2 890/870 40/40 80/80
Durand30 23/20 27.4/27.4 887/834 13/15* 83/90*
Cummings(b)33 12/11 26.0/26.0 810/854 25/45 0/0
Kari24 11/12 26.8/26.0 873/803 9/8* 27/8*
Papile34,47 182/189 25.7/25.6 808/801 29/27 89/91
Romagnoli35 15/15 27.5/27.1 850/948 47/40 80/80
Cummings(a)33 13/11 26.0/26.0 818/854 38/45 0/0

Delayed trials
DART28,48 35/35 24.0/25.0 652/700 89/89 94/97
Vincer31 11/9 26.3/25.0* 787/834* 36/44* 64/33*
CDTG32,49 94/94 27.3/27.0 989/952 - -
Ariagno36 10/11 27.7/27.2 929/882 - -
Ohlsson37 12/13 26.6/26.2 926/930 42/64 17/23
Kothadia38,50 57/61 26.0/25.0 740/760 35/21 99/100
Avery39 8/8 28.5/27.6 961/942 - -

GA gestational age in weeks; BW birth weight in grams; ANS antenatal steroids; SF surfactant Dex/Pl: dexamethasone/
placebo group; * Additional data obtained from original investigators.

Effects of postnatal glucocorticoids and cumulative doses
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treatment. The cumulative doses ranged from 0.9 to 7.8 mg/kg, with 4, 6 and 7 trials 
using a cumulative dexamethasone dose of respectively, < 2.0 mg/kg25-28, ≥ 2.0 and < 
4.0 mg/kg24,29-33 and ≥ 4.0 mg/kg33-39 (Table 3). 

The study by Cummings et al. compared a high dexamethasone dose (7.8 mg/kg) to 
a low dose (3.0 mg/kg) and a placebo, which allowed us to compare both the high 
and low dose to the placebo group.33 Due to the cross-over design of the trial by 
Papile et al., only the outcome parameters failure to extubate on day 3 and day 7, 
hypertension, hyperglycemia and sepsis during the first 14 days of therapy were 
used in the analyses.34 The DART trial was analyzed as a delayed treatment onset 
study as most infants were included at or after 3 weeks of postnatal age.28 From 
the study of the Collaborative Dexamethasone Trial Group (CDTG), which included 
both ventilated and non-ventilated infants, we only used the data of ventilated 
preterm infants.32

Effect of cumulative doses
Mortality and BPD
Meta-regression analysis did not show a significant correlation between the 
cumulative dexamethasone dose and the risk of mortality and BPD (Table 4). 

Table 3. Dexamethasone courses of included studies

SD (mg/kg) CD (mg/kg) TD (d) LRG (%)
Moderately early trials

Kovacs25 0.5 1.5 3 23/57
Scott26 0.5 1.9 5 10/0
Walther27 0.2 1.9 14 24/58

Vento29 0.5 2.4 7 30/50*
Durand30 0.5 2.4 7 26/65
Cummings(a)33 0.5 3.0 18 0/0
Kari24 0.5 3.5 7 27/33*
Papile34,47 0.5 4.0 14 4/13
Romagnoli35 0.5 4.8 14 33/33
Cummings(b)33 0.5 7.8 42 0/0

Delayed trials
DART28,48 0.2 0.9 10 26/40
Vincer31 0.5 2.4 6 0/44*
CDTG32,49 0.5 3.5 7 25/47
Ariagno36 1.0 4.0 7 okt-27
Ohlsson37 1.0 5.6 12 25/46
Kothadia38,50 0.5 7.9 42 0/0
Avery39 0.5 7.9 42 0/63

SD starting dosage; CD cumulative dosage; TD total days of therapy; LRG late rescue glucocorticoids dexamethasone/
placebo group; a Cummings dexamethasone cumulative dose 3.0 mg/kg versus placebo; b Cummings dexamethasone 
cumulative dose 7.8 mg/kg versus placebo; * Additional data obtained from original investigators.
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Combining these outcomes resulted in a negative regression coefficient suggestive 
for an inverse relation between the cumulative dexamethasone dose and the risk for 
mortality or BPD, but this correlation did not reach statistical significance.

The overall meta-analyses revealed no significant differences in mortality rates 
between the dexamethasone and placebo group (moderately early typical RR 
0.72; 95% CI, 0.44-1.17; delayed typical RR 0.94; 95% CI, 0.46-1.90). However, 
dexamethasone did reduce the risk for BPD and the combined outcome mortality 
or BPD in the moderately early and delayed treatment trials; the relative risk 
approached statistical significance in the latter trials (Figure 2). Subgroup analysis 
showed that the reduction in relative risk for BPD was most prominent in the group 
treated with ≥ 4.0 mg/kg dexamethasone (Tables 5 and 6). Combining BPD incidence 
with mortality strengthened this effect, showing an incremental reduction in the 
relative risk with increasing cumulative dexamethasone dose in the moderately 
early treatment trials (Figure 2A). 

Table 4. Meta-regression risk difference and cumulative dexamethasone dose

Outcome All trials Moderately early trials Delayed trials
Nra (n) RD (95% CI)b Nra (n) RD (95% CI)b Nra (n) RD (95% CI)b

Mortality and 
pulmonary outcome

M36 14 (694) -1.21 (-3.31, 0.90) 9 (274) -4.14 (-9.39, 1.10) 5 (420) -0.53 (-2.21, 1.16)
MHD 16 (731) -0.23 (-2.72, 2.25) 9 (274) -3.32 (-9.82, 3.18) 7 (457) 0.17 (-2.29, 2.62)

BPD 13 (679) -1.23 (-5.32, 2.87) 8 (259) -0.22 (-10.47, 10.02) 5 (420) -2.66 (-7.28, 1.96)
CMBPD 13 (679) -2.69 (-6.67, 1.29)c 8 (259) -4.00 (-11.53, 3.52)c 5 (420) -2.48 (-7.01, 2.05)c

Neurodevelopmental 
outcome

CP 12 (479) 1.89 (-1.98, 5.75) 7 (163) -4.38 (-10.61, 1.86) 5 (316) 2.56 (-4.24, 9.36)
CMCP 12 (657) 0.83 (-2.87, 4.53) 7 (236) -6.20 (-11.07, -1.32)* 5 (421) 2.31 (-2.82, 7.44)
MDI 10 (397) 0.07 (-3.89, 4.02) 7 (163) -6.57 (-12.97, -0.17)* 3 (234) 1.60 (-4.37, 7.58)

Short-term 
pulmonary effects

FTE3 14 (1041) -1.18 (-7.10, 4.74)c 9 (630) 0.33 (-3.67, 4.34)c 5 (411) -0.78 (-20.24, 18.69)c

FTE7 15 (1056) 0.49 (-4.10, 5.10)c 9 (630) -0.71 (-6.38, 4.96)c 6 (426) 1.98 (-9.17, 13.13)c

DMVd 10 (542) -3.16 (-7.12, 0.80)c  7 (216) -5.47 (-11.85, 0.90)c 3 (326) -0.27 (-7.76, 7.22)c

Short-term adverse effects
HT 13 (818) 0.16 (-2.83, 3.14) 10 (663) -0.74 (-6.28, 4.79) 3 (155) -5.75 (-20.78, 9.28)
HG 15 (1026) -2.55 (-6.22, 1.13) 10 (663) -1.83 (-9.98, 6.32) 5 (363) -1.52 (-4.34, 1.29)
INF 17 (1121) -0.37 (-2.57, 1.83) 10 (663) -0.77 (-4.92, 3.37) 7 (458) 0.21 (-3.55, 3.97)

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 Weighted mean difference.  M36 
Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary dysplasia at 36 weeks PMA; 
CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined mortality at hospital 
discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; FTE3 Failure to extubate day 3; FTE7 
Failure to extubate day 7; DMV Days of mechanical ventilation; HT Hypertension (> 2 SD); HG Hyperglycemia (> 150 
mg/L); INF Sepsis (culture proven) * Statistical significance (p<0.05).

Effects of postnatal glucocorticoids and cumulative doses
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Neurodevelopment
Meta-regression analysis of the moderately early treatment onset trials’ results 
showed a statistically significant inverse relation between the dexamethasone 
dose and the risk for the combined outcome mortality or CP, and for a MDI below 
-2SD (Table 4, Figure 3A). In contrast to this finding, meta-regression analysis of 
the delayed treatment onset trials’ results did not reveal a significant association 

Overall  (I-squared = 50.4%, p = 0.049)

Romagnoli

Study

Subtotal  (I-squared = 0.0%, p = 0.425)

Vento

Walther

Subtotal  (I-squared = 74.7%, p = 0.008)
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Kovacs
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Kari
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RR (95% CI)
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Figure 2B Overall and subgroup meta-analysis of the combined outcome mortality or bronchopulmonary dysplasia at 36 
weeks PMA in the delayed studies.

Figure 2A Overall and subgroup meta-analysis of the combined outcome mortality or bronchopulmonary dysplasia at 36 
weeks PMA in the moderately early studies.
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between dexamethasone dose and neurodevelopmental sequelae. The positive 
regression coefficient suggests an increased rather than a decreased risk for 
neurodevelopmental sequelae with an increasing dexamethasone dose in the 
delayed trials.

The subgroup meta-analysis in both the moderately early and delayed treatment 
onset trials did not reveal significant differences in CP, mortality combined with CP, 
and occurrence of a MDI below -2SD between dexamethasone and placebo treated 
infants (Tables 5 and 6). However, and consistent with the regression analysis, there 
was an incremental reduction in the relative risk for the combined outcome mortality 
or CP with increasing dexamethasone dose in the moderately early treatment onset 
trials and the opposite trend in the delayed trials (Figure 3B and C).

Short-term outcomes
Meta-regression analysis did not show significant associations between the 
cumulative dexamethasone dose and the short term respiratory benefits (Table 4). 

Table 5. Subgroup meta-analyses of the moderately early treatment trials

Outcome CD < 2.0 mg/kg 2.0 mg/kg ≤ CD < 4.0 mg/kg CD ≥ 4.0 mg/kg
Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and 
pulmonary outcome

M36 3 (111) 1.03 (0.48, 2.23) 4 (109) 0.55 (0.24, 1.24) 2 (54) 0.56 (0.21, 1.50)
MHD 3 (111) 1.03 (0.48, 2.23) 4 (109) 0.50 (0.22, 1.13) 2 (54) 0.56 (0.21, 1.50)
BPD 2 (96) 0.66 (0.39, 1.13) 4 (109) 0.73 (0.47, 1.16) 2 (54) 0.53 (0.28, 0.98)*
CMBPD 2 (96) 0.88 (0.62, 1.26)c 4 (109) 0.67 (0.33, 1.39)c 2 (54) 0.57 (0.39, 0.84)c*

Neurodevelopmental 
outcome

CP 2 (58) 0.56 (0.11, 2.78) 3 (61) 0.95 (0.41, 2.20) 2 (44) 0.39 (0.10, 1.47)
CMCP 2 (96) 1.13 (0.55, 2.34) 3 (86) 0.77 (0.47, 1.26) 2 (54) 0.49 (0.22, 1.07)
MDI < -2SD 2 (58) 0.78 (0.32, 1.87) 3 (61) 0.69 (0.29, 1.64) 2 (44) 0.32 (0.09, 1.16)

Short-term 
pulmonary effects

FTE3 2 (96) 0.87 (0.72, 1.05) 4 (109) 0.80 (0.68, 0.94)* 3 (425) 0.91 (0.87, 0.95)*
FTE7 2 (96) 0.68 (0.53, 0.87)* 4 (109) 0.65 (0.50, 0.86)* 3 (425) 0.82 (0.76, 0.88)*
DMVd 2 (96) -10.45 (-24.00, 3.11)c 3 (66) -2.08 (-16.01, 11.86)c 2 (54) -25.50 (-63.43, 12.42)c

Short-term side effects
HT 3 (111) 5.56 (0.29, 108.16) 4 (127) 4.82 (1.34, 17.25)* 3 (425) 1.90 (0.72, 5.04)
HG 3 (111) 1.08 (0.40, 2.96) 4 (127) 1.77 (0.94, 3.33) 3 (425) 1.87 (1.23, 2.86)*
INF 3 (111) 1.22 (0.73, 2.03) 4 (127) 1.31 (0.67, 2.58) 3 (425) 1.43 (1.05, 1.93)*

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 Weighted mean difference. CD 
cumulative dose; M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary 
dysplasia at 36 weeks PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined 
mortality at hospital discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; FTE3 Failure to 
extubate day 3; FTE7 Failure to extubate day 7; DMV Days of mechanical ventilation; HT Hypertension (> 2 SD); HG 
Hyperglycemia (> 150 mg/L); INF Sepsis (culture proven)  * Statistical significance (p<0.05).
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Overall meta-analysis in the moderately early and delayed treatment trials showed 
a significant reduction in almost all of these outcome parameters in favor of the 
dexamethasone treatment. This appeared to be independent of the cumulative dose 
(Tables 5 and 6). 

Meta-regression on short term adverse effect failed to show significant correlations 
between the risk differences and the cumulative dose (Table 4). Meta-analysis of data 
in the moderately early treatment trials revealed that dexamethasone significantly 
increased the risk for these adverse outcomes. Subgroup analysis failed to show a 
clear association with the cumulative dexamethasone dose (Tables 5 and 6). 

Discussion
While widely used in the 1990s, postnatal dexamethasone therapy for preterm 
infants at risk for BPD is nowadays considered a highly controversial therapy that 

Table 6. Subgroup meta-analyses of the delayed treatment trials

Outcome CD < 2.0  mg/kg 2.0 mg/kg ≤ CD < 4.0 mg/kg CD ≥ 4.0 mg/kg
Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and 
pulmonary outcome

M36 1 (70) 0.67 (0.12, 3.75) 2 (208) 1.46 (0.54, 3.93) 2 (143) 0.54 (0.14, 2.04)
MHD 1 (70) 0.60 (0.16, 2.32) 2 (208) 0.99 (0.61, 1.60) 4 (180) 1.06 (0.55, 2.06)
BPD 1 (70) 0.97 (0.77, 1.21) 2 (208) 1.02 (0.83, 1.25) 2 (143) 0.77 (0.60, 0.99)*
CMBPD 1 (70) 0.94 (0.79, 1.11) 2 (208) 1.01 (0.91, 1.12) 2 (143) 0.75 (0.60, 0.93)*

Neurodevelopmental 
outcome

CP 1 (56) 0.62 (0.20, 1.96) 2 (143) 1.76 (0.94, 3.32) 2 (117) 2.17 (0.85, 5.53)
CMCP 1 (70) 0.64 (0.28, 1.45) 2 (208) 1.19 (0.85, 1.67) 2 (143) 1.41 (0.80, 2.47)
MDI 0 NEe 2 (141) 0.85 (0.52, 1.41) 2 (93) 1.09 (0.40, 3.01)

Short-term 
pulmonary effects

FTE3 1 (69) 0.68 (0.53, 0.87)c* 2 (208) 0.54 (0.13, 2.30)c 2 (134) 0.38 (0.04, 3.90)c

FTE7 1 (69) 0.55 (0.38, 0.79)c* 2 (208) 0.53 (0.16, 1.79)c 3 (164) 0.58 (0.39, 0.86)c*
DMVd 0 NEe 2 (208) -12.96 (-20.53, -5.38)* 1 (118) -14.80 (-26.03, -3.57)*

Short-term side 
effects

HT 0 NEe 0 NEe 3 (155) 3.20 (1.08, 9.49)*
HG 0 NEe 2 (208) 1.19 (0.70, 2.04) 3 (155) 0.91 (0.44, 1.86)
INF 1 (70) 0.83 (0.51, 1.37) 2 (208) 1.31 (0.86, 1.99) 4 (180) 1.11 (0.67, 1.87)

anumber of studies (Nr) and the number of patients (n) included in the outcome analysis; bRisk difference with 
95% confidence interval; c Given statistical heterogeneity random-effects model used; d Weighted mean difference; 
e not estimable. CD cumulative dose; M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD 
Bronchopulmonary dysplasia at 36 weeks PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral 
palsy; CMCP Combined mortality at hospital discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI 
< -2 SD; FTE3 Failure to extubate day 3; FTE7 Failure to extubate day 7; DMV Days of mechanical ventilation; HT 
Hypertension (> 2 SD); HG Hyperglycemia (> 150 mg/L); INF Sepsis (culture proven) * Statistical significance (p<0.05) 
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is associated with an increased risk for adverse neurodevelopmental outcome.40-42 
Although many clinicians have restricted the use of dexamethasone, it is still used in 
approximately 10% of the preterm infants.6-9 In an attempt to minimize the risk for 
adverse effects, clinicians have drastically lowered the cumulative dexamethasone 
dose administered to these infants 11-14, despite the fact that the impact of using 
lower doses on the incidence of BPD and, more importantly, the neurodevelopmental 
outcome remains unclear. The present study using meta-regression analysis and 
subgroup meta-analysis of the existing placebo controlled dexamethasone trials is 
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Figure 3A. Meta-regression analysis of the cumulative 
dexamethasone dose and the effect on the combined 
outcome mortality or cerebral palsy. Regression lines for 
moderately early trials (circles and dotted line) and 
delayed  trials (triangles and hatched line). The scale 
of the symbols represents the calculated weight in the 
pooled estimate. 
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Figure 3B Meta-analysis of the cumulative dexamethasone dose and the effect on the combined outcome mortality or 
cerebral palsy. Overall and subgroup meta-analysis based on the cumulative dexamethasone dose for moderately early 
studies.
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the first to show that reducing the cumulative dexamethasone dose may increase 
the incidence of BPD without decreasing long-term neurodevelopmental sequelae.

Effects on mortality, BPD and neurodevelopmental outcome
We found that the incidence of both BPD and the combined outcome mortality 
or BPD is reduced significantly by dexamethasone treatment as compared to 
placebo, and that this reduction is positively related to the cumulative dose. Our 
meta-regression analysis indicated that a 3 – 4% reduction in the combined outcome 
mortality or BPD per incremental mg/kg dexamethasone may be attained after both 
moderately early and delayed administration onset. However, this incremental 
effect should be interpreted with caution as it did not reach statistical significance, 
probably due to the large variance in treatment effect across trials. Reduction of this 
variance by pooling the individual trials in subgroups based on cumulative dose 
used, showed that the treatment effect of dexamethasone was both statistically and 
clinically most prominent in the infants treated with a cumulative dose ≥ 4.0 mg/
kg. This finding seems to be consistent with reports that show that a restricted use 
of dexamethasone leads to an increased incidence of BPD8,9, although a more recent 
report has refuted this latter observation.6 

Our meta-regression analysis on the combined outcome mortality or CP and 
Bayley’s MDI showed a striking difference between trials using moderately early 
and delayed dexamethasone treatment onset. First, in the moderately early trials the 
risk for the combined outcome mortality or CP and a MDI < -2SD was decreased by 
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Figure 3C Meta-analysis of the cumulative dexamethasone dose and the effect on the combined outcome mortality or 
cerebral palsy. Overall and subgroup meta-analysis based on the cumulative dexamethasone dose for the delayed studies.
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6% for each incremental mg/kg cumulative dexamethasone dose. Consistent with 
this finding, our meta-analysis showed an incremental decrease in the relative risk 
for the neurodevelopmental outcomes, with the largest treatment effect in the trials 
using a cumulative dexamethasone dose ≥ 4 mg/kg. In contrast, the analysis of the 
delayed trials did not show this association and even suggested an increased risk 
for neurodevelopmental sequelae in response to an increasing cumulative dose. As 
this association did not reach statistical significance it should be interpreted with 
caution and verified in a future comparative trial.

At present we can only speculate on the possible mechanisms for this time dependent 
effect of dexamethasone therapy on neurodevelopmental outcome. First, as 
suggested by animal data, the direct effect (beneficial or harmful) of dexamethasone 
on the brain might differ depending on the postnatal age of exposure.44 Second, 
the effect of dexamethasone on the pulmonary condition and outcome (i.e. BPD), 
may also indirectly effect neurodevelopmental outcome. Protracted mechanical 
ventilation has been shown to be an independent risk factor for CP.43 As starting 
dexamethasone in the moderately early time frame will almost certainly reduce the 
time on mechanical ventilation compared to delayed treatment, it may thus reduce 
the risk for CP. A recent study in preterm baboons showed that a difference as small 
as 5 days of mechanical ventilation already results in a decreased brain growth and 
the presence of subtle brain injury.45 
In addition to mechanical ventilation BPD itself is also an important independent 
risk factor for CP.46 This means that a reduction in BPD mediated through 
dexamethasone may have a beneficial effect on the risk of CP. And, as shown in this 
review and by others2,3, the treatment effect of dexamethasone on BPD seems to be 
most prominent when starting dexamethasone treatment moderately early, which 
might, in part, explain the time dependent (moderately early vs delayed) effect of 
dexamethasone on CP.
Considering these mechanisms in combination, it might well be that a direct negative 
effect of dexamethasone on the brain is overridden by the indirect beneficial effect 
mediated via a reduction in time on mechanical ventilation and the incidence of BPD.

Effects on intermediate outcomes
Similar to the findings of the Cochrane reviews2,3, treatment with dexamethasone 
facilitated extubation at treatment day 3 and 7, and reduced the days of mechanical 
ventilation in both the moderately early and the delayed trials. However, no clear 
correlation between the cumulative dose and the treatment effect was shown. This 
finding suggests that a lower, more physiological dose of dexamethasone may be 
sufficient to improve these short-term pulmonary outcomes, but the relevance of 
these outcomes in relation to BPD remains questionable.
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As expected, dexamethasone increased the risk for the short term adverse outcomes 
hypertension, hyperglycemia and infection, especially in the moderately early 
treatment trials. Meta-regression failed to show a clear association of these risks 
with dexamethasone dose, indicating that the use of lower dexamethasone doses 
will not prevent the occurrence of these short term adverse effects. 

Limitations
This meta-analysis has several limitations that need to be discussed. First, most 
placebo controlled dexamethasone trails that we included differed considerably 
with regard to clinical characteristics of patients (i.e. antenatal steroid and 
surfactant use) and study design, including differences in the dexamethasone 
starting dose, the duration of therapy and the use of dexamethasone outside the 
protocol. This means that besides the cumulative dose, most trials also differed in 
the timing of peak exposure and the total time of exposure to dexamethasone. It 
is unknown if and how these factors affect the treatment effect of dexamethasone 
on the outcome parameters reported in this review. Furthermore, not all trials 
reported the primary and secondary outcome parameters and/or used various 
definitions or assessed the outcomes at different points in time. Although we 
pooled the data as if they were from clinically homogeneous studies, this apparent 
clinical diversity compromises the validity of the results of our meta-analysis. We 
therefore used, when appropriate, the more conservative random effect models to 
avoid overestimation of spurious effects.  

Second, 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, most RCTs did not report if all patients actually received the prespecified 
cumulative dexamethasone dose. Variance in compliance within trials and between 
trials may have affected the results, as this analysis is based on the intention to treat 
principle. 

Implications for practice and research
This review has important implications for daily clinical practice. First, using lower 
dexamethasone doses may increase the risk for the combined outcome mortality 
or BPD, independent of the timing of administration. Second, administering 
lower dexamethasone doses is not accompanied by a significant reduction in 
neurodevelopmental sequelae, assessed by the incidence of CP and the number 
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of infants with a MDI below -2SD. In fact, reducing the dexamethasone dose may 
increase the risk for neurodevelopmental sequelae if treatment is started between 7 
and 14 days after birth (i.e. moderately early onset). 

Although these findings raise serious concerns on the currently restricted use of 
dexamethasone in preterm infant at risk for BPD and neurodevelopmental sequelae, 
confirmation by a large randomized controlled trial is urgently needed. This trial 
should compare a high dexamethasone arm (≥ 4 mg/kg), a low dexamethasone 
arm (≤ 2 mg/kg) and a placebo group, using a comparable duration of treatment 
in all groups. The suggested doses are based on the assumption that reducing 
BPD is the primary target of such a trial. Considering the increased risk for CP 
in previous trials using early treatment and the possible association between 
dexamethasone dose and neurodevelopmental sequelae after delayed treatment, 
dexamethasone treatment should be initiated moderately early in this trial. Data 
on the following primary outcome parameters should be collected: BPD at 36 weeks 
PMA, mortality at 36 weeks PMA and at discharge, and a complete assessment of 
major neurosensory impairment using predefined definitions, diagnostic tests and 
time points. Short term benefits (i.e. time of extubation, duration of ventilation) and 
adverse effects (i.e. hypertension, infection, and hyperglycemia) can be reported as 
secondary outcomes. The use of glucocorticoids outside the study protocol should 
be avoided as much as possible or based on an agreed protocol. Needless to say that 
such a trial should be adequately powered, and include preterm infants with a high 
risk for BPD. One of the challenges will be to identify the infants with a high risk for 
BPD and/or neurodevelopmental sequelae in this second week of life.

Despite the fact that this review supports current concerns about the ineffectiveness 
and even potential harm of lower dexamethasone doses, the use of higher 
dexamethasone doses in these infants can not be based on sound research evidence 
at this point in time. We recommend that dexamethasone should not be given 
outside the American Academy of Pediatrics guidelines or the realm of a well 
designed and executed controlled clinical trial.

Conclusion
The present meta-analysis and meta-regression of all available randomized evidence 
shows that higher cumulative dexamethasone doses may decrease the risk for 
bronchopulmonary dysplasia without increasing the risk for neurodevelopmental 
sequelae. Administering a higher dose in the moderately early treatment period might 
even decrease the incidence of neurodevelopmental sequelae. Given the present 
uncertainty with regard to the timing and cumulative dosing of dexamethasone 
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treatment a large RCT comparing a moderately early administration of a high and a 
low with a placebo group is needed to confirm or refute these finding, and to guide 
clinical practice.
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