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ABSTRACT
Objective Describe the population of babies who do and 
do not receive postnatal corticosteroids for prevention or 
treatment of bronchopulmonary dysplasia (BPD).
Design Retrospective cohort study using data held in the 
National Neonatal Research Database.
Setting National Health Service neonatal units in England 
and Wales.
Patients Babies born less than 32 weeks gestation and 
admitted to neonatal units from 1 January 2012 to 31 
December 2019.
Main outcomes Proportion of babies given postnatal 
corticosteroid; type of corticosteroid; age at initiation and 
duration, trends over time.
Secondary outcomes Survival to discharge, treatment 
for retinopathy of prematurity, BPD, brain injury, severe 
necrotising enterocolitis, gastrointestinal perforation.
Results 8% (4713/62019) of babies born <32 weeks 
and 26% (3525/13527) born <27 weeks received 
postnatal corticosteroids for BPD. Dexamethasone 
was predominantly used 5.3% (3309/62019), followed 
by late hydrocortisone 1.5%, inhaled budesonide 
1.5%. prednisolone 0.8%, early hydrocortisone 0.3% 
and methylprednisolone 0.05%. Dexamethasone use 
increased over time (2012: 4.5 vs 2019: 5.8%, p=0.04). 
Median postnatal age of initiation of corticosteroid 
course was around 3 weeks for late hydrocortisone, 
4 weeks for dexamethasone, 6 weeks for inhaled 
budesonide, 12 weeks for prednisolone and 16 weeks 
for methylprednisolone. Babies who received postnatal 
corticosteroids were born more prematurely, had a higher 
incidence of comorbidities and a longer length of stay.
Conclusions In England and Wales, around 1 in 12 babies 
born less than 32 weeks and 1 in 4 born less than 27 
weeks receive postnatal corticosteroids to prevent or treat 
BPD. Given the lack of convincing evidence of efficacy, 
challenges of recruiting to and length of time taken to 
conduct randomised controlled trial, our data highlight 
the need to monitor long- term outcomes in children who 
received neonatal postnatal corticosteroids.

INTRODUCTION
Bronchopulmonary dysplasia (BPD), defined 
as needing respiratory support at 36 weeks 
postmenstrual age, is the most common 

adverse outcome of very preterm delivery, 
affecting up to 75% of babies born before 28 
weeks of gestation worldwide.1 2 In the most 
severely affected, supplemental oxygen at 
home is needed, pulmonary hypertension 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Data for 62 019 preterm babies were included in this 
study.

 ⇒ Exposure to different types of postnatal corticoste-
roids, including timing of initiation and duration are 
described.

 ⇒ Data over an 8- year period enabled time trends to 
be evaluated.

 ⇒ Lack of data on the indication for postnatal corticoste-
roid may lead to overestimation of babies exposed to 
hydrocortisone for bronchopulmonary dysplasia versus 
for blood pressure or adrenal insufficiency.

 ⇒ We were unable to report cumulative doses of dexa-
methasone as this was not available.

WHAT IS KNOWN ABOUT THE SUBJECT
 ⇒ Bronchopulmonary dysplasia is the most common 
complication of preterm birth.

 ⇒ The use, choice and timing of postnatal corticoste-
roid remains controversial due to the increased risk 
of neurodevelopmental impairment associated with 
high- dose steroids.

WHAT THIS STUDY ADDS
 ⇒ Between 2012 and 2019 in England and Wales, 
around 8% of babies born <32 weeks received 
postnatal corticosteroid; use was highest in the 
most preterm with one in four of babies born <27 
gestational weeks given postnatal corticosteroid 
(PNC).

 ⇒ The most commonly used PNC was dexamethasone 
(5%).

 ⇒ Use of dexamethasone, hydrocortisone and inhaled 
budesonide has increased over time, while the use 
of prednisolone and methylprednisolone remained 
stable or declined.
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may develop and lung- function abnormalities can persist 
into adulthood. BPD is also associated with delayed brain 
maturation and diffuse white matter anomalies that are 
associated with increased risk of neurodevelopmental 
impairment.3 Despite increased use of less invasive venti-
lation after birth, there has been no significant decline 
in BPD rates globally, and nor improvement in lung 
function in childhood over time.4 The pathogenesis of 
BPD remains to be fully understood but involves arrest 
of lung development (alveolar hypoplasia or dysmorphic 
pulmonary vasculature) and pulmonary inflammation. It 
is therefore postulated that the anti- inflammatory action 
of postnatal corticosteroids (PNC) may improve gas 
exchange and lung mechanics, thus facilitating weaning 
from invasive mechanical ventilation and improving 
respiratory outcomes.5 However, the use of PNC remains 
controversial because of fear of long- term adverse neuro-
developmental effects, hypertension, intestinal perfora-
tion and impaired glucose metabolism.6–8 While early use 
of dexamethasone (<7 days) is associated with increased 
incidence of cerebral palsy,9 there is no strong evidence 
from available studies to suggest that later (>7 days) 
administration of lower dose dexamethasone, or early 
prophylactic use of low dose hydrocortisone, causes 
neurodevelopmental impairment.10 11

A recent systematic review and network meta- analysis 
included 62 studies involving 5559 neonates with a mean 
gestational age of 26 weeks and examined 14 different 
PNC regimens. This found that a moderately early- 
initiated (8–14 days), medium cumulative dose of systemic 
dexamethasone (2–4 mg/kg) was the best regimen for 
preventing mortality or BPD but acknowledged the weak 
evidence on which this recommendation is based.12 
Hence, when considering PNC treatment clinicians have 
to balance the adverse consequences of long- term ventila-
tion with the potential for long- term neurodisability.

International studies report varying use of PNC 
(3%–50%) including both systemic and inhaled PNC for 
preterm neonates.13 14 Policy recommendations regarding 
the use of dexamethasone or other corticosteroids, 
including hydrocortisone and inhaled corticosteroids, 
differ widely.15–17 We aimed to describe the use of PNC 
for prevention or treatment of BPD over an 8- year period 
in very preterm babies born 2012–2019 in England and 
Wales, using the National Neonatal Research Database 
(NNRD). Objectives: (1) to quantify the number and 
proportion of babies who received PNC, timing and dura-
tion, (2) to describe the clinical characteristics of babies 
and unadjusted outcomes for babies who do and do not 
receive PNC

METHODS
We undertook a retrospective and descriptive cohort study 
using deidentified, routinely recorded neonatal clinical 
data held in the NNRD. The NNRD is a national resource 
containing detailed, quality assured, clinical information 

extracted from the electronic patient records of admis-
sions to National Health Service neonatal units.18 19

Study population
We included data held in the NNRD on all babies born less 
than 32 weeks gestation born and admitted to neonatal 
care units in England and Wales between 1 January 
2012 and 31 December 2019. We excluded babies with 
missing gestational ages. We extracted variables related 
to maternal factors (ethnicity, age, antenatal steroids); 
infant demographics (birth weight, sex, gestational age), 
clinical characteristics (condition at birth including 
Apgar score and resuscitation details); PNC use including 
methylprednisolone, prednisolone, hydrocortisone, 
dexamethasone, budesonide; respiratory support, comor-
bidities (gastrointestinal perforation, BPD, retinopathy of 
prematurity (ROP) that required treatment, brain injury 
on imaging)20 21 and survival to discharge from neonatal 
care. Data were extracted by using SAS V.13.

Definitions
PNC may be used for indications other than prevention or 
treatment of BPD (upper airway obstruction, blood pres-
sure); however, indication for postnatal steroid use is not 
held in the NNRD. We, therefore, applied the following 
pragmatic definitions to identify babies we considered to 
have received postnatal steroids for BPD prevention or 
treatment:

Dexamethasone: Dexamethasone for≥5 consecutive 
days (5 days was chosen to avoid the inclusion of babies 
given a shorter course for upper airway obstruction).

Early hydrocortisone: Hydrocortisone started on post-
natal day 1 or 2 and given for >7 consecutive days consis-
tent, with the PREMILOC trial.22

Late hydrocortisone: Hydrocortisone started after post-
natal day 2 and given for >2 consecutive and >7 days total 
duration (to differentiate this from hydrocortisone given 
for hypotension).

Prednisolone: Prednisolone is given for ≥3 consecutive 
days.

Methylprednisolone: Methylprednisolone is given for 
≥3 consecutive days.

Inhaled budesonide: Use of inhaled budesonide for 
≥1 day.

BPD was defined as receiving any respiratory or venti-
latory support or supplemental oxygen at 36 weeks 
postmenstrual age,23 treatment for ROP was defined as 
cryotherapy, laser therapy or injection of antivascular 
endothelial growth factor therapy for ROP in either or 
both eyes, severe necrotising enterocolitis was defined 
as necrotising enterocolitis resulting in surgery or 
confirmed at surgery,24 brain injury was defined as either 
left or right grade 3 or higher intraventricular haemor-
rhage or periventricular leukomalacia,20 gastrointestinal 
perforation was defined as having a perforation if pres-
ence of relevant diagnostic and/or procedural codes 
(online supplemental file 1).
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Data analysis
Simple descriptive statistics were used to describe the 
study population, clinical characteristics, survival and 
comorbidities without adjustment. We report results 
for the entire cohort of babies born <32 weeks and also 
a subgroup of the most preterm babies born <27 weeks 
gestation based on the British Association of Perinatal 
Medicine extreme preterm criteria.25 Data were described 
using medians and IQRs for continuous and non- 
parametric (as determined by a Shapiro- Wilk normality 
test) data and proportions for categorical data. Temporal 
trends were assessed using linear regression. For all the 
statistical results, a p<0.05 was considered as statistically 
significant. Analyses were performed using RStudio, SPSS 
V.25 and GraphPad Prism V.5.

Patient and public involvement statement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Number and proportion of babies over time who received PNC 
for BPD
A total of 62 019 babies born <32 weeks gestation were 
born and admitted to neonatal units in England and 
Wales during the study period. A total of 8140 (13%) 

babies were recorded as having received PNC for any 
indication and 7.6% (4713/62019) received at least one 
type of PNC for BPD (figure 1). The most commonly used 
PNC was dexamethasone 5.3% (3309/62019), followed 
by late hydrocortisone 1.5% (954/62019), inhaled 
budesonide 1.5% (922/62019), prednisolone 0.8% 
(500/62019). Early hydrocortisone 0.3% (180/62019) 
and methylprednisolone 0.05% (32/62019) use were 
rare. 6.3% (3914/62019) received only one type of PNC 
(early hydrocortisone 156, late hydrocortisone 620, dexa-
methasone 2461, prednisolone 196, inhaled budesonide 
481). 1.3% (799/62019) received more than one type of 
PNC.

Between 2012 and 2019, an increasing proportion of 
very preterm babies received PNC (p=0.005) (figure 2). 
There was an overall increase use over time for dexa-
methasone, inhaled budesonide and late hydrocortisone 
even though there was a small decrease between 2018 
and 2019; dexamethasone (2012: 4.5% vs 2018: 6.6% 
vs 2019: 5.8%, 2.0% increase per year, p=0.04); inhaled 
budesonide (2012: 0.6% vs 2018: 2.5% vs 2019: 2.4%, 
19.3% increase per year, p<0.001) (922 babies); late 
hydrocortisone (2012: 1.2% vs 2018: 2.0% vs 2019: 1.7%, 
4.1% increase per year, p=0.02). The number for early 
hydrocortisone was very small (180) and its use was first 
seen in 2017 and has increased over time (2012: 0.1% 
vs 2019: 0.8%, 3.7% increase per year, p=0.05). Use of 

Figure 1 Flow chart of cohort who received postnatal steroids. *Babies can have more than one postnatal corticosteroid type. 
BPD, bronchopulmonary dysplasia.
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prednisolone has decreased (2012: 1.0% vs 2019: 0.6%, 
7.8% decrease per year, p<0.09) (500 babies) and methyl-
prednisolone remained similar over time (2012: 0.0% vs 
2019: 0.1%).

Clinical characteristics of babies overall and by type of PNC 
for BPD
The descriptive and clinical characteristics of babies by 
type of PNC are presented in table 1. The median (IQR) 
gestational age for babies who received PNC was 2524–27 
weeks; 71% received a complete course of antenatal 
steroids; 87% were intubated at birth. Overall among the 
entire cohort less than 32 weeks, the intubation rate at 
delivery was 51% (31 609/62 019) and 92% for less than 
27 weeks (12 480/13 527) (table 2).

At the time of PNC initiation, 75% and 20% were 
receiving invasive and non- invasive ventilatory support, 
respectively, with the exception of inhaled budesonide 
where 49% were on invasive ventilation; 7% received 
drugs for resuscitation or cardiac massage at delivery.

Timing and duration of PNC for BPD
Median (IQR) postnatal age at initiation was 19 (8–40) 
days for late hydrocortisone, 28 (19–45) days for dexa-
methasone, 42 (30–70) days for inhaled budesonide, 865 
(73–101) for prednisolone and 116 (90–155) days for 
methylprednisolone (table 1). Over time, the postnatal 
age at initiation for all PNC remained fairly consistent 
except for inhaled budesonide which is being used earlier 
in recent years (2012 median (IQR) 79 (57–116) vs 2019 
30 (14–51)) (figure 3). The duration of use was shortest 
for methylprednisolone 7 (4–11) days and longest for late 
hydrocortisone 20 (11–38) days (table 1).

Descriptive clinical characteristics, comorbidities and survival 
by gestational age groups
The clinical characteristics, comorbidities and survival in 
babies who did and did not receive PNC are presented 
by gestational subgroups (<32 weeks and <27 weeks) in 
table 2. A higher proportion of more preterm babies 
received PNC (<27 weeks 26% (3525/13 527) vs<32 
weeks 8% (4713/58 592)). Of those who received PNC, 
the median (IQR) days to extubation after PNC adminis-
tration were similar around 5 (2–13) among<32 and <27 
gestational week groups (table 2). Babies who received 

PNC had a higher incidence of comorbidities and a 
longer length of stay compared with those who did not 
(table 2).

For babies born <27 week, there was higher survival for 
babies who received versus did not receive PNC (87% vs 
70%). However, 80% of deaths among those who did not 
receive PNC occurred within the first 2 weeks after birth 
(median (IQR) postnatal day of death 3 (1–12) days) 
compared with 5% of deaths occurring within first 2 
weeks among those who received PNC (postnatal day of 
death 48 (29–96) days).

DISCUSSION
We show that in England and Wales, PNC use in preterm 
babies to prevent or treat BPD, increased between 2012 
and 2019 with about one in four babies born less than 27 
weeks gestation receiving a steroid, most commonly dexa-
methasone, at a postnatal age of around 3 weeks. Late 
hydrocortisone and inhaled budesonide were the next 
most used, with early hydrocortisone administered very 
rarely. Our findings reflect current guidance from the UK 
National Institute for Health and Care Excellence, which 
recommends limiting the use of dexamethasone to babies 
after the age of 8 days to assist in weaning from ventilatory 
support, and not as ‘prophylaxis’ in younger infants. No 
recommendation is provided for hydrocortisone or nebu-
lised budesonide, given limited evidence.8

The increase in proportion of infants exposed to PNC is 
not explained by an increase in extremely preterm infants 
admitted. The median gestational age in the less than 27 
weeks group remained at 25.4 weeks between 2012 and 
2019, and the proportion of infants born<27 weeks/<32 
weeks (2012: 22% vs 2019: 21%) remained similar over 
time. The increase is also not explained by survivor bias, 
as the mortality rates before 28 days (the median postnatal 
age of administering the most commonly used PNC dexa-
methasone) were similar (2012: 7.8%) vs 2019: (6.8%).

The strengths of our study include the large, popula-
tion representative population of all preterm babies born 
in England and Wales over an 8- year period. This allowed 
time trends to be evaluated and for findings to be widely 
applicable to UK neonatal units. The main limitation of 
this study is the lack of data on the indication for PNC. 
The pragmatic definition of dexamethasone ≥5 consecu-
tive days is likely to capture dexamethasone use for BPD 
versus upper airway pathology. However, the definition 
for late hydrocortisone (started after postnatal day 2 and 
given for >2 consecutive and >7 days total duration), may 
still misclassify babies given hydrocortisone for blood 
pressure support or adrenal insufficiency and may there-
fore have resulted in an overestimation of the number of 
babies exposed to PNC for BPD treatment or prevention. 
The possible misclassification of PNC for BPD may also 
explain the unlikely finding that around 5% of infants 
were not on any respiratory support (including oxygen) 
on the day of initiation of PNC. Erroneous or missing 
daily data on the type of respiratory support could also 

Figure 2 Graph showing the use of postnatal 
corticosteroids over time.
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explain this finding. As the NNRD contains routine clin-
ical data, we also cannot exclude the possibility of missing 
data leading to an underestimation of PNC use. We were 
unable to report cumulative doses of dexamethasone, as 
this is not available in the NNRD.

Studies in other countries have reported similar use 
of PNC. The 2011 EPICE study found that 13.9% of 
babies born 24–29 weeks received PNC for BPD, but rates 

varied from 3.1% (Portugal) to 49.4% (Germany).26 In 
a randomised controlled trial (RCT) of erythropoietin 
versus placebo involving 30 units in the USA, 38% of 
babies born 24 to 27+6 weeks who survived to discharge 
were treated with PNC.27 The median (IQR) postnatal 
age for dexamethasone initiation was very similar to our 
study 29 (20–44) days with a similar duration 10 (5–15) 
days, but use of prednisolone or methylprednisolone was 

Table 2 Clinical characteristics, survival and comorbidities of babies who did and did not receive postnatal steroids 
presented by <32 and <27 weeks gestation groups

No postnatal steroids 
given for BPD, born 
<32 weeks GA

Postnatal steroidsfor 
BPD, born <32 weeks 
GA

No postnatal steroids 
given for BPD, born 
<27 weeks GA

Postnatal steroids 
for BPD, born 
<27 weeks

n=62 019 n=13 527

n (%) 57 306 (92%) 4713 (8%) 10 002 (74%) 3525 (26%)

GA at birth (weeks) 29 25.4 25.3 24.9

Median (IQR) (27.2–31.4) (24.4–27.0) (24.1–26.5) (24.1–25.7)

Birth weight (g) 1230 720 760 690

Median (IQR) (946–1510) (620–860) (648–880) (607–795)

Male sex 31 117 (54%) 2786 (59%) 5301 (53%) 2030 (58%)

Intubation at birth 27 509 (48%) 4100 (87%) 9202 (92.3%) 3278 (93%)

Antenatal corticosteroids

None 3256 (6%) 220 (5%) 764 (8%) 170 (1%)

Complete 39 997 (70%) 3343 (71%) 6754 (68%) 2434 (69%)

Incomplete 10 574 (18%) 807 (17%) 2235 (22%) 659 (17%)

Missing 3479 (6%) 343 (7%) 249 (2%) 262 (7%)

Apgar 5 mins

  ≤ 5 8300 (14%) 1138 (24%) 2699 (27%) 919 (26%)

  >5 41 445 (72%) 2880 (61%) 6420 (64%) 2091 (59%)

  Missing 7561 (13%) 695 (15%) 900 (9%) 515 (15%)

Cardiac massage at delivery 2441 (4%) 315 (7%) 844 (8%) 232 (2%)

Total length of stay (days) 47 113 88 118

Median (IQR) (33–70) −92 to 137 −60 to108 −99 to 141

Total days mechanical ventilation (days) 2 (0–5) 33 (20–48) 17 (4–24) 37 (25–51)

Median (IQR)

Days to extubation after PNC administered 
Median (IQR)

NA *5 (2–13) NA †5 (2–12)

Extubation NA NA

1.Extubated and survived 1.2768 (59%) 1.2160 (61%)

2.Extubated and died 2.546 (12%) 2.420 (12%)

3.Not extubated after intubation* 3.1333 (28%) 3.927 (26%)

4.Not intubated 4. 66 (1%) 4.18 (1%)

Survival to discharge 52 498 (91.6%) 4098 (87.0%) 6981 (69.8%) 3052 (86.6%)

BPD status 15 473 (27%) 4289 (91.0%) 7101 (71.0%) 3285 (93.2%)

Treated Retinopathy of prematurity 1247 (2.2%) 1302 (27.6%) 880 (8.8%) 1166 (33.0%)

Severe NEC 1143 (2.0%) 693 (14.7%) 643 (6.4%) 296 (8.4%)

GI perforation 877 (1.5%) 290 (6.2%) 536 (5.4%) 253 (7.2%)

Brain injury on imaging 2212 (3.9%) 443 (9.4%) 1105 (11.1%) 377 (10.7%)

*A total of 3314 babies were extubated following PNC.
†A total of 2580 babies <27 weeks were extubated following PNC
BPD, bronchopulmonary dysplasia; GA, gestational age ; GI, gastrointestinal; NEC, necrotising enterocolitis; PNC, postnatal corticosteroid.
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earlier. Studies in other countries have also reported the 
use of inhaled corticosteroids for BPD (25% and 80% in 
the USA28 and Japan,29 respectively).

The overall incidence of BPD in the entire study cohort 
<32 weeks was 31%, and 91% and 27% for babies who did 
and did not receive PNC, respectively. Given the observa-
tional nature of this study, it is unsurprising that babies 
who received PNC were more preterm and sicker. We did 
not apply causal inference methods such as propensity 
matching to examine the associations between PNC and 
outcomes because achieving good matching was unlikely 
given the marked differences in characteristics between 
babies who did and did not receive PNC. Survival was 
higher among babies born <27 weeks who received PNC, 
likely due to survival bias. This occurs when patients are 
expected to survive until the exposure. Patients who die 
before they have had the opportunity to be exposed will 
be ‘unexposed’ by definition, and this introduces an 
artificial survival advantage associated with the exposed 
subjects regardless of treatment effectiveness.30 The 
majority of deaths occurred in the first 2 weeks following 
birth, prior to the median age of dexamethasone initia-
tion (19 days).

PNCs are one of the most investigated medications in 
neonatology, with over 80 RCT enrolling over 9000 babies. 
Despite multiple trials and systematic reviews,10 11 31 32 there 
remains uncertainty about the appropriate formulation, 
timing, dosage and duration of PNC. Further RCT on 
dosing and timing of dexamethasone are unlikely to be 
feasible given that pilot studies, such as the MINIDEX study 
did not demonstrate feasibility,33 and the DART study34 35 
failed to recruit target numbers and was abandoned. The 
recently published results of an RCT involving 800 babies 
born less than 30 weeks showed that a 10- day course of 
hydrocortisone at 14–28 days in babies who have been intu-
bated for at least 7 days, did not result in substantially higher 
survival without moderate or severe BPD compared with 

placebo. They also showed that survival without moderate 
or severe neurodevelopmental impairment did not differ 
substantially between the two groups.36 Given the lack of 
benefit, and potential harms such as gastrointestinal perfo-
ration, courses of hydrocortisone at 2–3 weeks old to treat 
BPD should probably be avoided.

We found increasing use of inhaled budesonide in our 
study at around 6 weeks of age. A major rationale for 
inhaled corticosteroids is to avoid some of the complica-
tions of systemic corticosteroids by concentrating the drug 
in the lung. However, given the lack of evidence for early 
or later inhaled corticosteroids, they are not recommended 
for routine clinical practice.37 38 Of note, despite wide-
spread concern regarding long- term effects, few studies 
have been powered to examine neurodevelopmental and 
cognitive outcomes. Although less meaningful to parents, 
and a poor predictor of future functional impairment, 
most PNC studies have used BPD (oxygen dependency at 
36 weeks corrected) as a primary outcome.

We have shown that around 400 babies each year are 
exposed to postnatal dexamethasone and the majority 
survive to discharge. We suggest that long- term neurodevel-
opmental surveillance should be considered mandatory in 
these infants, and an essential component of good clinical 
practice. Linking together routine health and educational 
datasets could be a potential, more affordable and practical 
solution.

CONCLUSION
In England and Wales, around 1 in 12 babies born less 
than 32 weeks and 1 in 4 born less than 27 weeks receive 
PNCs to prevent or treat BPD. Given the lack of convincing 
evidence of efficacy, challenges of recruiting to and length 
of time taken to conduct RCT, our data highlight the need 
to monitor long- term outcomes in children who receive 
PNCs.

Figure 3 A boxplot showing the median, IQR and range of first day postnatal corticosteroid administration for BPD (grouped 
by postnatal corticosteroid type) in babies who were born at <32 weeks gestation between 2012 and 2019 and were admitted 
to neonatal units in England and Wales. BPD, bronchopulmonary dysplasia.
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