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Key Points

Question

Does the risk of death or neurodevelopmental disability associated with systemic corticosteroid
therapy to prevent bronchopulmonary dysplasia (BPD) vary according to the estimated pretreat-
ment probability of death or grade 2 or 3 BPD in extremely preterm infants?

Findings

In this cohort study of 482 matched pairs of infants, corticosteroid therapy was associated with a
possible increased risk of death or neurodevelopmental impairment at 2 years’ corrected age in
infants with an estimated pretreatment probability of death or grade 2 or 3 BPD of less than 44%
but a possible decreased risk of death or neurodevelopmental impairment in infants with a pre-
treatment probability greater than 61%. Similar associations were observed for death or cerebral
palsy at pretreatment probabilities of less than 33% and greater than 46%.

Meaning

Findings of this study suggest that postnatal corticosteroid therapy for the prevention of BPD in
extremely preterm infants should be restricted to those at moderate to high risk of death or grade
2 or 3 BPD to avoid possible neurologic injury in infants with lower risk.

Abstract

Importance
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7/17/23, 6:04 PM Assessment of Corticosteroid Therapy and Death or Disability According to Pretreatment Risk of Death or Bronchopulmonary Dys...

Meta-analyses suggest that corticosteroids may be associated with increased survival without
cerebral palsy in infants at high risk of bronchopulmonary dysplasia (BPD) but are associated
with adverse neurologic outcomes in low-risk infants. Whether this association exists in contem-
porary practice is uncertain because most randomized clinical trials administered corticosteroids
earlier and at higher doses than currently recommended.

Objective

To evaluate whether the pretreatment risk of death or grade 2 or 3 BPD at 36 weeks’ postmen-
strual age modified the association between postnatal corticosteroid therapy and death or disabil-
ity at 2 years’ corrected age in extremely preterm infants.

Design, Setting, and Participants

This cohort study analyzed data on 482 matched pairs of infants from 45 participating US hospi-
tals in the National Institute of Child Health and Human Development Neonatal Research Network
Generic Database (GDB). Infants were included in the cohort if they were born at less than 27
weeks’ gestation between April 1, 2011, and March 31, 2017; survived the first 7 postnatal days;
and had 2-year death or developmental follow-up data collected between January 2013 and
December 2019. Corticosteroid-treated infants were propensity score matched with untreated
controls. Data were analyzed from September 1, 2019, to November 30, 2022.

Exposure

Systemic corticosteroid therapy to prevent BPD that was initiated between day 8 and day 42 after
birth.

Main Outcomes and Measures

The primary outcome was death or moderate to severe neurodevelopmental impairment at 2
years’ corrected age. The secondary outcome was death or moderate to severe cerebral palsy at 2
years’ corrected age.

Results

A total of 482 matched pairs of infants (mean [SD] gestational age, 24.1 [1.1] weeks]; 270 males
[56.0%]) were included from 656 corticosteroid-treated infants and 2796 potential controls. Most
treated infants (363 [75.3%]) received dexamethasone. The risk of death or disability associated
with corticosteroid therapy was inversely associated with the estimated pretreatment probability
of death or grade 2 or 3 BPD. The risk difference for death or neurodevelopmental impairment
associated with corticosteroids decreased by 2.7% (95% CI, 1.9%-3.5%) for each 10% increase in
the pretreatment risk of death or grade 2 or 3 BPD. This risk transitioned from estimated net
harm to benefit when the pretreatment risk of death or grade 2 or 3 BPD exceeded 53% (95% CI,
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44%-61%). For death or cerebral palsy, the risk difference decreased by 3.6% (95% CJ,
2.9%-4.4%) for each 10% increase in the risk of death or grade 2 or 3 BPD and transitioned from
estimated net harm to benefit at a pretreatment risk of 40% (95% CI, 33%-46%).

Conclusions and Relevance

Results of this study suggested that corticosteroids were associated with a reduced risk of death
or disability in infants at moderate to high pretreatment risk of death or grade 2 or 3 BPD but
with possible harm in infants at lower risk.

Introduction

The use of postnatal corticosteroids to prevent bronchopulmonary dysplasia (BPD) is among the
most controversial topics in neonatal medicine.l Randomized clinical trials conducted in the 1980s
and 1990s showed that dexamethasone improved weaning from respiratory support and reduced
the risk of BPD in preterm infants.22% These findings led to prevalent administration of pro-
longed, high-dose corticosteroid therapy in preterm newborns.-2 Subsequently, publication of
trial follow-up data showed an increased risk of adverse neurodevelopment, particularly cerebral
palsy (CP), with high-dose dexamethasone.2222 This result prompted widespread recommenda-
tions against the use of systemic corticosteroids to prevent or treat BPD.1%1L A series of system-
atic reviews then proposed a more balanced approach by weighing the risks of neurodevelop-
mental impairment (NDI) due to corticosteroids against risks of BPD, itself associated with devel-
opmental disability.12131%4 Metaregression analyses of randomized clinical trials by Doyle et alt21>
suggested that corticosteroids were associated with decreased rates of death or CP among infants
at high risk of developing BPD. These findings prompted several pediatric societies to issue re-
vised recommendations that indicated clinicians may consider low-dose corticosteroid therapy for
very preterm infants receiving mechanical ventilation after 1 to 2 weeks of age due to the in-
creased risk of BPD in this population.2®1218 However, most trials that informed these revised
guidelines initiated corticosteroids during the first week after birth or prescribed higher cumula-
tive doses than the current recommendations. 121220 As a result, these trial data may not accu-
rately characterize the risks and benefits of postnatal corticosteroid treatment strategies used to
prevent BPD in contemporary extremely preterm infants. To address this knowledge gap, we per-
formed a propensity score-matched cohort study to evaluate whether the pretreatment risk of
death or grade 2 or 3 BPD at 36 weeks’ postmenstrual age (PMA) modified the association be-
tween postnatal corticosteroid therapy and death or disability at 2 years’ corrected age in ex-
tremely preterm infants.2.

Methods

Design and Population

In this retrospective propensity score-matched cohort study, we used prospective data from the
National Institute of Child Health and Human Development Neonatal Research Network (NRN)
Generic Database (GDB)22 and Follow-up Study. Eligible infants were born at less than 27 weeks’
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gestation between April 1, 2011, and March 31, 2017; survived the first 7 postnatal days; and had
2-year death or developmental follow-up data collected between January 2013 and December
2019. Infants who were enrolled in the NRN Hydrocortisone for BPD trial 2324 treated with sys-
temic corticosteroids for BPD beginning prior to postnatal day 8 or after day 42, had severe con-
genital disease, or had missing data for key variables were excluded. The institutional review
boards at each of the 45 US hospitals participating in the GDB and Follow-up Study approved data
collection. Per individual hospital guidelines, data were collected under a waiver of consent or af-
ter informed consent was obtained from parents or legal guardians. The Children's Hospital of
Philadelphia Institutional Review Board deemed the present study exempt from review because it
used deidentified data. We followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.22

Exposure and Outcomes

We evaluated the exposure of systemic corticosteroid therapy for BPD prevention that was initi-
ated between day 8 and day 42 after birth. This range was selected to exclude infants who re-
ceived corticosteroids in the first postnatal week and infants who were treated at ages when serial
respiratory support data were no longer recorded. The GDB included information on the corticos-
teroid type and date of initiation but not the dose, treatment duration, or presence of subsequent
treatment courses.

The primary outcome of this study was the composite of death between corticosteroid initiation
(or the equivalent PMA in the untreated controls) and year 2 follow-up or moderate to severe
NDI, which was defined as a Bayley-III cognitive or motor composite score lower than 85, Gross
Motor Function Classification System (GMFCS) level 2 or higher, moderate to severe CP, and/or se-
vere visual or hearing impairment.2%2’ The secondary outcome was the composite of death or
moderate to severe CP, which was defined as GMFCS level 2 or higher and a clinical diagnosis of
CP at year 2 follow-up.2Z Post hoc sensitivity analyses were performed using composite outcomes
of death or severe NDI and death or severe CP2%2Z Severe NDI was defined as a Bayley-III cogni-
tive or motor composite score lower than 70, GMFCS level 4 or higher, severe CP, and/or severe
visual or hearing impairment.2%2Z Severe CP was defined as GMFCS level 4 or higher and a clinical
diagnosis of CP4Z

Grade 2 or 3 BPD was defined as treatment with mechanical ventilation, noninvasive positive air-
way pressure, or nasal cannula delivering greater than 2 L/min. Grade 2 or 3 BPD was assessed
as a composite with death at 36 weeks’ PMA.2L

Pretreatment Risk and Matched Cohort

We estimated the pretreatment probability of death or grade 2 or 3 BPD at 36 weeks’ PMA for all
eligible untreated controls using a logistic regression model that was fitted with 39 fixed and re-
peatedly measured variables (eAppendix in Supplement 1) that characterize respiratory state or
are known or believed to be associated with the study outcomes.?® Parameter estimates from this
model were used to calculate the pretreatment probability of death or grade 2 or 3 BPD in corti-
costeroid-treated infants, with data collected until corticosteroid initiation. Dates of treatment or
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diagnosis were used to determine the age at occurrence for many time-variable covariates.
Respiratory support and oxygen therapy data were available at 24 hours, 3 days, 7 days, 14 days,
and 28 days. To minimize bias and maximize the number of evaluated infants, we included infants
who were missing values for multilevel demographic variables (maternal educational level and
race and ethnicity) in the missing categories during model fitting. Maternal race and ethnicity re-
ported in the GDB were self-identified and selected from the following options: American Indian
or Alaska Native, Asian, Black, Hispanic or Latino, Native Hawaiian or other Pacific Islander, White,
more than 1 race, unknown, or not reported. Maternal race and ethnicity were included in this
study because they are known to be associated with differences in care and outcomes in preterm
infants.22 The composite of death or grade 2 or 3 BPD at 36 weeks’ PMA was chosen to classify
pretreatment risk to account for early posttreatment death as a competing outcome and to pro-
vide a broad evaluable range of risks.2?

Propensity scores that were based on the probability that infants would receive corticosteroids to
prevent BPD were used to match treated infants to untreated controls. Propensity scores were
calculated with logistic regression models that were fitted with the same explanatory variables as
those used for estimating the probability of death or grade 2 or 3 BPD.22 For each eligible un-
treated control, separate propensity scores were generated for each completed PMA week the in-
fant was alive between 23 weeks’ and 32 weeks’ PMA. For each infant who received corticos-
teroids, a single propensity score corresponding to the PMA week at treatment initiation was com-
puted. Untreated infants were matched without replacement to treated infants using the 1:1
greedy nearest neighbor method, with a maximum caliper of 0.25 times the pooled estimate of the
common SD of the propensity score logits®! and exact matching on the following variables: gesta-
tional age, PMA week at corticosteroid initiation (or corresponding PMA in controls), last known
mode of respiratory support prior to corticosteroid therapy and corresponding age at data collec-
tion, and decile of the estimated probability of death or grade 2 or 3 BPD.

Infant characteristics were summarized using means (SDs) for continuous data and rates (propor-
tions) for categorical data. Standardized differences, expressed as absolute values, were used to
compare baseline characteristics between corticosteroid-treated infants and untreated controls.
Standardized difference values less than 0.1 indicated negligible between-group differences.

Statistical Analysis

The primary analysis used logistic regression to estimate the probability of death or moderate to
severe NDI for each matched infant based on corticosteroid treatment status and the same covari-
ates for estimating the probability of death or grade 2 or 3 BPD. Risk difference values for each
matched pair were calculated by subtracting the model-estimated probability of death or NDI in
the untreated infants from the matched corticosteroid-treated infants. Risk differences were then
regressed on the pretreatment probability of death or grade 2 or 3 BPD in each untreated
matched control using linear regression. The slope and corresponding 95% CI for the regression
line indicated whether the treatment effect of corticosteroids varied according to the probability
of death or grade 2 or 3 BPD. Equivalent analyses were performed for the composite outcomes of
death or moderate to severe CP, death or severe NDI, and death or severe CP.
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Secondary analyses evaluated the association between corticosteroids and the study outcomes,
which were stratified by the pretreatment probability of death or grade 2 or 3 BPD classified as a
5-level categorical variable. The number of strata was selected by investigator consensus; strata
cut points were chosen to produce similarly sized groups with clinically interpretable ranges.
Stratum-specific odds ratios (ORs) were computed using a logistic regression model that was fitted
with corticosteroid treatment status, the 5-level probability of death or grade 2 or 3 BPD, treat-
ment-by-stratum interaction term, study center, and PMA week at corticosteroid initiation. A Wald
test on the interaction term was performed to quantify whether the treatment effect of corticos-
teroids differed across strata.

Finally, we conducted exploratory analyses to assess for drug-specific treatment effects for the
prespecified outcomes of death or moderate to severe NDI and death or moderate to severe CP.
Terms for corticosteroid type, probability of death or grade 2 or 3 BPD, and their interaction were
added to the linear regression models used in the primary analyses. Separate logistic regression
models for dexamethasone and hydrocortisone computed drug-specific ORs that were stratified
by pretreatment risk subgroups.

All analyses were conducted using SAS, version 9.4 (SAS Institute Inc). Statistical inferences were
based on 2-tailed tests, with significance set at 2-sided P <.05. Additional details of the statistical
approach are provided in the eAppendix in Supplement 1. Data were analyzed from September 1,
2019, to November 30, 2022.

Results

The cohort included 482 matched pairs of infants (mean [SD] gestational age, 24.1 [1.1] weeks];
212 females [44%] and 270 males [56.0%]) from 656 eligible corticosteroid-treated infants and
2796 potential controls (Figure 1). Most demographic and pretreatment clinical characteristics
were similar between eligible infants and those who were excluded due to missing data (eTable 1
and eTable 2 in Supplement 1) and between eligible matched and unmatched infants who received
corticosteroids (eTable 3 in Supplement 1). The few observed differences suggested modestly
higher mean disease acuity in the matched infants compared with excluded or unmatched infants.
All evaluated characteristics were well balanced in the matched cohort (Table 1; eAppendix, eTa-
bles 4 and 5, and eFigure 1 in Supplement 1). The estimated mean (SD) pretreatment probability
of death or grade 2 or 3 BPD at 36 weeks’ PMA was 0.53% (0.22%) in both the matched treated
and untreated infants. The mean (SD) age at corticosteroid initiation was 25.2 (8.5) days (distribu-
tion is shown in eFigure 2 in Supplement 1). Of the treated infants, 363 (75.3%) received dexam-
ethasone, 116 (24.1%) received hydrocortisone, and 3 (0.6%) received alternative corticosteroids.

Table 2 reports the study outcomes in the full matched cohort. There were no differences in the
adjusted odds of death or moderate to severe NDI (adjusted OR [aOR], 0.92; 95% CI, 0.68-1.24) or
death or moderate to severe CP (aOR, 0.83; 95% CI, 0.60-1.15) at 2 years’ corrected age associ-
ated with corticosteroid therapy. The adjusted odds of death or grade 2 or 3 BPD at 36 weeks’
PMA were not significantly different between the groups (aOR, 1.35; 95% CI, 0.98-1.86). The rates
and timing of mortality are shown in eTable 6 in Supplement 1.
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There was an inverse association between the pretreatment probability of death or grade 2 or 3
BPD at 36 weeks’ PMA and the risk differences for death or disability associated with corticos-
teroid therapy (Figure 2). For each 10% increase in the probability of death or grade 2 or 3 BPD,
the risk difference for death or moderate to severe NDI associated with corticosteroids decreased
by 2.7% (95% CI, 1.9%-3.5%). The fitted regression line crossed the x-axis at a probability of
death or grade 2 or 3 BPD of 53% (95% CI, 44%-61%); the Cls for this regression analysis repre-
sented the point of intersection between the 95% confidence bands of the fitted regression line
and the x-axis. These values quantified the pretreatment probability of death or grade 2 or 3 BPD
where the risk of death or moderate to severe NDI associated with corticosteroids transitioned
from estimated net harm to benefit. The corresponding analysis for death or moderate to severe
CP also found an inverse association. For each 10% increase in the pretreatment probability of
death or grade 2 or 3 BPD, the risk difference for death or CP associated with corticosteroid ther-
apy decreased by 3.6% (95% CI, 2.9%-4.4%). The fitted regression line crossed the x-axis at a
probability of death or grade 2 or 3 BPD of 40% (95% CI, 33%-46%). The post hoc sensitivity
analyses demonstrated similar inverse associations between the probability of death or grade 2
or 3 BPD and the risks of death or severe disability associated with corticosteroids (eFigure 3 in
Supplement 1).

eFigures 4 and 5 in Supplement 1 show the results of the secondary analyses that classified the
pretreatment probability of death or grade 2 or 3 BPD at 36 weeks’ PMA as a 5-level categorical
variable. Consistent with the results of the primary analyses, the OR point estimates for the death
or disability outcomes decreased from values greater than 1 (favoring no treatment) to values
less than 1 (favoring corticosteroids) as the pretreatment probability of death or grade 2 or 3
BPD increased. There was evidence of significant effect modification by the pretreatment probabil-
ity of death or grade 2 or 3 BPD for the outcomes of death or moderate to severe CP (treatment x
probability-strata interaction P=.03) and death or severe NDI (treatment x probability-strata in-
teraction P=.004).

There was no evidence of a drug-specific treatment effect for the primary outcome of death or
moderate to severe NDI (drug x pretreatment probability interaction P=.11) (Figure 3). There
was a possible treatment advantage associated with dexamethasone for death or moderate to se-
vere CP (interaction P=.002) (Figure 3). In the 5-level categorical analysis, dexamethasone com-
pared with no corticosteroid therapy was associated with lower adjusted odds of death or moder-
ate to severe CP among infants in the strata with estimated pretreatment probabilities of death or
grade 2 or 3 BPD that were greater than 65% (eFigure 6 in Supplement 1).

Discussion

This propensity score-matched cohort study examined the association between systemic corticos-
teroid therapy initiated after the first postnatal week for BPD prevention and death or disability at
2 years’ corrected age in a contemporary, multicenter cohort of extremely preterm infants. When
averaged over the full matched cohort, postnatal corticosteroids were not associated with a signif-
icant increase or decrease in the risk of death or moderate to severe NDI or death or moderate to
severe CP. However, the pretreatment probability of death or grade 2 or 3 BPD at 36 weeks’ PMA
modified the association between corticosteroid therapy and the risks of death or disability.
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Corticosteroids were associated with a reduced risk of death or disability among infants at moder-
ate to high risk of death or grade 2 or 3 BPD but also were associated with a possible increased
risk of death or disability among infants at low risk of death or grade 2 or 3 BPD.

Metaregressions by Doyle et all212 suggested that the risk of BPD, defined as oxygen therapy at
36 weeks’ PMA, modified the association between corticosteroid therapy and death or CP. These
previous studies differed methodologically from the present study. Doyle et all21> used summa-
rized trial results and defined baseline risks with the observed rates of BPD in the trial control
groups. In contrast, we used participant-level observational data and stratified infants based on
the estimated pretreatment risk of death or grade 2 or 3 BPD. Moreover, current guidelines rec-
ommend the administration of corticosteroids at lower treatment doses and later chronological
ages than were studied in some of the trials evaluated by Doyle et al1>1617%18 Despite these differ-
ences, we identified similar baseline risks for BPD at which the risk-to-benefit balance favored cor-
ticosteroid use for the prevention of death or CP. Doyle et al'2 reported a treatment benefit when
BPD risk exceeded 46% (95% CI, 33%-60%). We estimated that a potential benefit exceeded harm
at a pretreatment probability of death or grade 2 or 3 BPD greater than 40% (95% CI, 33%-46%).
Collectively, these studies provide further evidence that postnatal corticosteroid therapy may be
associated with reduced risk of adverse neurologic sequelae in extremely preterm infants at mod-
erate to high risk of BPD but also may be associated with harm to neurodevelopment in extremely
preterm infants at low risk of BPD.

We did not identify a significant difference in the odds of death or grade 2 or 3 BPD associated
with corticosteroids in the full matched cohort. This result should be interpreted cautiously. The
study was not designed to evaluate death or grade 2 or 3 BPD as a primary treatment outcome
and should not supplant meta-analyses of randomized clinical trials, which show reduced risk of
death or BPD associated with corticosteroids initiated after the first postnatal week.22 We ac-
knowledge that unmeasured differences in disease acuity between matched pairs may contribute
to the modestly higher rates of death or grade 2 or 3 BPD observed in corticosteroid-treated in-
fants. However, the finding of a possible small decrease, rather than increase, in the mean odds of
death or disability in the full study cohort adds credibility to the results and suggests that residual
confounding, if present, may mask a more favorable risk-to-benefit profile for corticosteroids.

Meta-analyses suggest that dexamethasone but not hydrocortisone may be associated with in-
creased risk of adverse neurodevelopmental outcomes.1233233 We did not find evidence of a dif-
ferential treatment effect associated with dexamethasone vs hydrocortisone for death or moder-
ate to severe NDI at 2 years’ corrected age. However, there was a possible drug-specific treatment
effect for death or moderate to severe CP. When stratifying the cohort into subgroups according
to the pretreatment probability of death or grade 2 or 3 BPD, dexamethasone was associated with
a significant reduction in the risk of death or CP among infants with risks of death or grade 2 or 3
BPD greater than 65%. There were no significant differences in the odds of death or CP associ-
ated with hydrocortisone. These exploratory analyses support the investigation of low-dose dex-
amethasone as a possible medication to reduce respiratory morbidity and improve neurologic
outcomes in infants at high risk for BPD. These results should otherwise be interpreted with cau-
tion owing to the smaller number of infants in each subgroup and the multiplicity of statistical
comparisons.
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Strengths and Limitations

This study has several strengths. First, to our knowledge, the study is among the largest multicen-
ter analyses to examine long-term neurologic outcomes associated with corticosteroid therapy ini-
tiated after the first postnatal week in extremely preterm infants. Second, unlike in most random-
ized clinical trials of postnatal corticosteroids wherein frequent open-label corticosteroid use may
bias study findings, we restricted matched controls to those who did not receive corticosteroids
for the prevention of BPD.2% Some controls may have received corticosteroids for other indica-
tions, such as adrenal insufficiency or hypotension. Third, quantification of pretreatment risk us-
ing a composite of death or BPD at 36 weeks’ PMA, rather than BPD alone, may improve selection
of patients for corticosteroid therapy owing to the increased probability of early death among in-
fants at higher risk of BPD. We internally calculated the risk of death or grade 2 or 3 BPD using a
large number of covariates in an effort to optimize pretreatment risk estimation and propensity
score matching.28 More parsimonious models for estimating BPD risk in clinical practice are avail-
able online.3>3¢

The use of observational data is the primary study limitation. We used propensity score matching
to improve causal inference but acknowledge the possibility of residual confounding by unmea-
sured differences among matched infants. Data for some covariates were only available for dis-
crete time points and may not fully reflect the infants’ status immediately prior to corticosteroid
therapy. Furthermore, we excluded a small number of corticosteroid-treated infants who could
not be matched to a suitable control and those who were missing data for key study covariates. It
is possible that alternative approaches to address missing data, including imputation, may pro-
duce modestly different study results. Additionally, we did not have information on the dose or du-
ration of corticosteroid therapy. A recent analysis of the multicenter Prematurity and Respiratory
Outcomes Program reported that extremely preterm infants who were treated with dexametha-
sone received a median daily dose of 0.2 mg/kg and a median cumulative dose of 1.2 mg/kg.2”
Similar exposures may have occurred in the present study. More than one-half of the hospitals
that participated in the Prematurity and Respiratory Outcomes Program contributed data to the
present analysis as members of the NRN.2Z

Conclusions

In this propensity score-matched cohort study, the pretreatment probability of death or grade 2
or 3 BPD at 36 weeks’ PMA modified the association between postnatal systemic corticosteroid
therapy to prevent BPD and the risk of death or disability at 2 years’ corrected age. These findings
were consistent with prior meta-analyses of randomized clinical trials and provide important evi-
dence that contemporary dosing strategies for systemic corticosteroid therapy may be associated
with decreased risk of adverse neurodevelopmental outcomes when restricted to preterm infants
at moderate to high risk of death or BPD.2212 The possible treatment advantage with dexametha-
sone found in the present study supports further unbiased evaluation of this medication to pre-
vent BPD and improve neurodevelopment.
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Table 1.

Characteristics of Eligible and Matched Infants by Corticosteroid Treatment Status?

Characteristic Eligible sample Matched sample
Corticosteroid- Untreated Standardized Corticosteroid- Untreated Standardized
treated infants, controls, difference treated infants, controls, difference
No./total No. No./total No./total No. No./total
(%) No. (%) (%) No. (%)
Maternal
Antenatal 597/656 (91.0)  2507/2796 0.05 435/482 (90.2)  427/482 0.05
corticosteroids (89.7) (88.6)
Antenatal 497/656 (75.8)  2095/2796 0.02 357/482 (74.1)  345/482 0.06
antibiotics (74.9) (71.6)
Multiple birth 179/656 (27.3)  695/2796 0.06 127/482 (26.3)  127/482 0.00
(24.9) (26.3)
Race and
ethnicity®
Black race 277/636 (43.6)  1243/2719 0.04 198/469 (42.2)  201/473 0.01
(45.7) (42.5)
White race 327/636 (54.4) 1320/2719 0.04 242/469 (51.6)  247/473 0.01
(48.5) (52.2)
Other race 32/636 (5.0) 156/2719 0.04 29/469 (6.2) 25/473 0.01
(5.7) (5.3)
Hispanic or 67/650 (10.3) 419/2765 0.15 53/478 (11.1) 54/479 0.01
Latino ethnicity (15.2) (11.3)
Non-Hispanic or 583/650 (89.7)  2346/2719 0.15 425/478 (88.9)  425/479 0.01
non-Latino (86.3) (88.7)
ethnicity
Greater than high 283/520 (54.4) 1131/2261 0.09 207/384 (53.9)  223/382 0.09
school (50.0) (58.4)
educational level
Demographic and perinatal
Gestational age,  24.3 (1.1) 249 (1.1) 0.57 24.4 (1.1) 24.4 (1.1) 0.00
mean (SD), wk
Birth weight, 673 (135) 763 (166) 0.59 682 (135) 672 (146) 0.08
mean (SD), g

Abbreviations: BPD, bronchopulmonary dysplasia; Fio,, fraction of inspired oxygen; HFV, high-frequency ventilation; IVH,

intraventricular hemorrhage; NA, not applicable; NC, nasal cannula; nCPAP, nasal continuous positive airway pressure;

NIMV, noninvasive mechanical ventilation; PMA, postmenstrual age.
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4 Data are expressed as the number (%) of infants unless otherwise indicated. Data are shown for the infants with known
values for the specified covariates. A full list of all variables used to estimate the propensity score values is provided in the
eAppendix in Supplement 1. Comparisons of all propensity score variables between corticosteroid-treated and untreated
controls who were eligible or included in the matched cohort are provided in eTables 4 and 5 in Supplement 1. The
distribution of propensity score values in the matched cohort is shown in eFigure 1 in Supplement 1.

b Race and ethnicity were self-identified in the Generic Database and selected from the following options: Black, Hispanic
or Latino, or White. The “other” catgory included American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific
I[slander, more than 1 race, unknown, or not reported.

“Values indicate postnatal exposures recorded prior to corticosteroid initiation or the same PMA week in the matched

controls. Similar values could not be computed for the eligible untreated controls prior to matching on a specific PMA.

Table 2.

Outcomes in Matched Infants Associated With Corticosteroid Treatment Status?

Outcome Observed rates Adjusted OR

b
Corticosteroid-treated infants, Untreated controls, (95% CI)

No./total No. (%) No./total No. (%)

Death or moderate to severe NDI at 2

years’ corrected age
Death prior to 2 years’ corrected age

Moderate to severe NDI among

survivors
Death or moderate to severe cerebral
palsy at 2 years’ corrected age

Moderate to severe cerebral palsy
among survivors

Death or grade 2 or 3 BPD at 36
weeks’ PMA

323/470 (68.7)

93/482 (19.3)

230/377 (61.0)

130/482 (27.0)

37/389 (9.5)

297/478 (62.1)

332/482 (68.9)

118/482 (24.5)

214/364 (58.8)

154/482 (32.0)

36/364 (9.9)

259/482 (53.7)

0.92 (0.68-1.24)

0.86 (0.59-1.23)

1.00 (0.72-1.38)

0.83 (0.60-1.15)

0.77 (0.44-1.35)

1.35 (0.98-1.86)

Abbreviations: NDI, neurodevelopmental impairment; OR, odds ratio; PMA, postmenstrual age.

4Values shown in the table exclude infants for whom developmental outcome data at 2 years’ corrected age were not

available.

b Models were adjusted for estimated pretreatment probability of death or grade 2 or 3 bronchopulmonary dysplasia at 36

weeks’ PMA (classified as a 5-level categorical variable), corticosteroid treatment by probability of death or grade 2 or 3

bronchopulmonary dysplasia stratum interaction term, PMA week at corticosteroid treatment or the corresponding PMA in

the untreated matched controls, and study center.
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Figure 2.
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Risk Differences for Death or Disability vs the Pretreatment Probability of Death or Grade 2 or 3
Bronchopulmonary Dysplasia (BPD) at 36 Weeks’ Postmenstrual Age (PMA)

Circles represent values for individual matched pairs; shaded areas represent regression lines and 95% Cls. For death or
neurodevelopmental impairment (NDI), the regression line equation is y =0.144 - 0.272x and crosses the x-axis at an esti-
mated probability of death or grade 2 or 3 BPD of 53% (95% CI, 44%-61%). For death or cerebral palsy (CP), the regression
line equation is y =0.144 - 0.361x and crosses the x-axis at 40% (95% CI, 33%-46%). Logistic regression model c-statistic
values in the matched cohort are 0.753 for death or grade 2 or 3 BPD at 36 weeks’ PMA, 0.766 for death or NDI at 2 years,
and 0.812 for death or CP at 2 years.
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Figure 3.
III Death or moderate to severe NDI at 2 years' corrected age
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Risk Differences for Death or Disability Stratified by Treatment With Dexamethasone or Hydrocortisone

Circles and Xs represent values computed for individual matched pairs with dexamethasone and hydrocortisone treatment,
respectively; shaded areas represent regression lines and 95% Cls. The regression line for death or neurodevelopmental
impairment (NDI) is y =0.131 - 0.221x for dexamethasone and y =0.167 - 0.384x for hydrocortisone. For dexamethasone,
the regression line crosses the x-axis at a pretreatment probability of death or grade 2 or 3 bronchopulmonary dysplasia
(BPD) of 59% (95% CI, 48%-74%) for dexamethasone and 44% (95% CI, 21%-56%) for hydrocortisone. The regression
line for death or cerebral palsy crosses the x-axis at 42% (95% CI, 31%-50%) for dexamethasone and 40% (95% CI,

28%-48%) for hydrocortisone. PMA indicates postmenstrual age.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10167571/?report=printable
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