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Association Between Early Low-Dose Hydrocortisone
Therapy in Extremely Preterm Neonates
and Neurodevelopmental Outcomes at 2 Years of Age
Olivier Baud, MD, PhD; Clémence Trousson, MSc; Valérie Biran, MD, PhD; Emilie Leroy, MSc;
Damir Mohamed, MSc; Corinne Alberti, MD, PhD; for the PREMILOC Trial Group

IMPORTANCE Dexamethasone to prevent bronchopulmonary dysplasia in very preterm
neonates was associated with adverse neurodevelopmental events. Early low-dose
hydrocortisone treatment has been reported to improve survival without bronchopulmonary
dysplasia but its safety with regard to neurodevelopment remains to be assessed.

OBJECTIVE To assess whether early hydrocortisone therapy in extremely preterm infants
is associated with neurodevelopmental impairment at 2 years of age.

DESIGN, SETTING, AND PARTICIPANTS An exploratory secondary analysis of the PREMILOC
(Early Low-Dose Hydrocortisone to Improve Survival without Bronchopulmonary Dysplasia in
Extremely Preterm Infants) randomized clinical trial conducted between 2008 and 2014 in 21
French neonatal intensive care units. Randomization was stratified by gestational age groups.
Neurodevelopmental assessments were completed from 2010 to 2016.

INTERVENTIONS After birth, patients were randomly assigned to receive placebo or
hydrocortisone (0.5 mg/kg twice per day for 7 days, followed by 0.5 mg/kg per day for 3 days).

MAIN OUTCOMES AND MEASURES The prespecified exploratory secondary outcome of
neurodevelopmental impairment was based on a standardized neurological examination and
the revised Brunet-Lézine scale (global developmental quotient score and subscores; mean
norm, 100 [SD, 15]). The minimal clinically important difference on the global developmental
quotient was 5 points.

RESULTS Of 1072 neonates screened, 523 were assigned to hydrocortisone (n = 256) or
placebo (n = 267) and 406 survived to 2 years of age. A total of 379 patients (93%; 46%
female) were evaluated (194 in the hydrocortisone group and 185 in the placebo group) at a
median corrected age of 22 months (interquartile range, 21-23 months). The distribution of
patients without neurodevelopmental impairment (73% in the hydrocortisone group vs 70%
in the placebo group), with mild neurodevelopmental impairment (20% in the
hydrocortisone group vs 18% in the placebo group), or with moderate to severe
neurodevelopmental impairment (7% in the hydrocortisone group vs 11% in the placebo
group) was not statistically significantly different between groups (P = .33). The mean global
developmental quotient score was not statistically significantly different between groups
(91.7 in the hydrocortisone group vs 91.4 in the placebo group; between-group difference,
0.3 [95% CI, −2.7 to 3.4]; P = .83). The incidence of cerebral palsy or other major neurological
impairments was not significantly different between groups.

CONCLUSIONS AND RELEVANCE In this exploratory analysis of secondary outcomes of
a randomized clinical trial of extremely preterm infants, early low-dose hydrocortisone was
not associated with a statistically significant difference in neurodevelopment at 2 years of
age. Further randomized studies are needed to provide definitive assessment of the
neurodevelopmental safety of hydrocortisone in extremely preterm infants.
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P reterm birth is frequently associated with perinatal
inflammation, a major risk factor for bronchopulmo-
nary dysplasia, brain damage, and subsequent neu-

rodevelopmental impairments.1,2 Because glucocorticoids
alleviate systemic inflammation, they have been proposed
as a therapeutic option in very preterm infants. Postnatal
dexamethasone therapy led to short-term benefits, includ-
ing decreasing the duration of mechanical ventilation and
the severity of bronchopulmonary dysplasia, but was associ-
ated with cerebral palsy and other adverse neurodevelop-
mental events.3

Guidelines in Europe and North America in 2002 and
2003 recommended that early postnatal corticosteroid
administration be avoided apart from controlled clinical
trials.4,5 The incidence and severity of bronchopulmonary
dysplasia increased concurrently with the decreased use
of postnatal dexamethasone,6 and it remains a major public
health challenge.7

A more physiologically based strategy was then pro-
posed using low-dose hydrocortisone to maintain clinically
relevant respiratory benefits while avoiding potential
adverse effects on the developing brain.8,9 However, the
first clinical trials of early prophylactic hydrocortisone were
inconclusive.10-12

A larger multicenter, randomized trial of early, low-dose
hydrocortisone therapy to prevent bronchopulmonary dys-
plasia, the PREMILOC (Early Low-Dose Hydrocortisone to
Improve Survival without Bronchopulmonary Dysplasia in
Extremely Preterm Infants) trial,13 found that hydrocorti-
sone therapy resulted in a significant increase of 9 percent-
age points (60% vs 51%) in the rate of bronchopulmonary
dysplasia–free survival at 36 weeks of postmenstrual age. In
this study, we assessed whether early hydrocortisone
therapy is associated with neurodevelopmental impairment
at 2 years of age in children enrolled in the PREMILOC trial.

Methods
Population and Study Protocol
Surviving infants enrolled in the PREMILOC trial conducted
in France between 2008 and 2014 were eligible for the 2-year
follow-up. The study protocol has been desc ribed
previously13 and is available in Supplement 1. Briefly, this
double-blind, multicenter, randomized, placebo-controlled
trial enrolled infants born between 24 0/7 weeks and 27 6/7
weeks of gestation and before 24 hours of postnatal age and
assigned them to receive either placebo or low-dose hydro-
cortisone (100 mg for injection [Upjohn]; 0.5 mg/kg twice per
day for 7 days, followed by 0.5 mg/kg per day for 3 days
[SERB Laboratoires]).

Randomization was stratified by gestational age group
(24-25 weeks and 26-27 weeks of gestation) and randomiza-
tion sequence in each stratum was generated electronically
using nQuery version 6.01 (Statistical Solutions Ltd). Infants
were randomly assigned 1:1 to either hydrocortisone or pla-
cebo via a central computer-generated list with block sizes of
2, 4, 6, or 8 chosen at random.

The trial was approved by the French national ethics
committee (Comité de Protection des Personnes, Ile-de-
France II, Necker), the French national drug safety agency
(Agence Nationale de Sécurité du Médicament, EudraCT No.
2007-002041-20), and the French data protection authority
(Commission Nationale de l’Informatique et des Libertés).
Written informed consent was obtained from parents of all
eligible infants before randomization.

Follow-up Study Procedures and Outcomes
The primary outcome of the trial, bronchopulmonary
dysplasia–free survival at 36 weeks of postmenstrual age,
has been reported.13 Of the 21 secondary end points, neuro-
cognitive development at 18 to 24 months was selected for this
analysis. Follow-up evaluation at 2 years of age was com-
pleted between 2010 and 2016 and included a medical his-
tory, anthropometric measures, respiratory status, standard-
ized neurological examination based on specific definitions of
disabilities, and quantitative neurodevelopmental assess-
ment using the revised Brunet-Lézine (RBL) scale.

The RBL is a psychomotor developmental scale that
evaluates 4 domains of development, including gross motor
function, fine motor function and visuospatial coordination,
language, and sociability. Four separate developmental quo-
tient subscores can be calculated for children aged 2 to 30
months. A global developmental quotient score results from
the combination of the RBL subscores, with a mean norm of
100 (SD, 15).14-18

The RBL was revised in 1994 and 1996 and adjusted
based on a sample of 1055 French children born at term.19 It
is routinely used in studies conducted in French-speaking
countries. The RBL global developmental quotient was
divided into 3 categories (<70 [moderate to severe disability],
70-84 [mild disability], and ≥85 [no disability]). All RBL
examiners had been previously certified and were unaware

Key Points
Question Is early hydrocortisone treatment of extremely preterm
infants associated with neurodevelopmental impairment at 2 years
of age?

Findings In an exploratory analysis of 379 infants enrolled in the
PREMILOC (Early Low-Dose Hydrocortisone to Improve Survival
without Bronchopulmonary Dysplasia in Extremely Preterm
Infants) randomized clinical trial who survived to the age of 2
years, early low-dose hydrocortisone treatment was not
associated with significantly worse neurodevelopmental
impairment compared with placebo (hydrocortisone group: 73%
without impairment, 20% with mild impairment, 7% with
moderate to severe impairment; placebo group: 70% without
impairment, 18% with mild impairment, and 11% with moderate to
severe impairment).

Meaning Early low-dose hydrocortisone treatment in extremely
preterm infants was not associated with a statistically significant
difference in neurodevelopment at 2 years of age. Further
randomized studies are needed to provide definitive assessment
of the neurodevelopmental safety of hydrocortisone in extremely
preterm infants.
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of the treatment assignment, which remained masked
throughout the follow-up period.

Motor function, cognitive skills, behavioral problems,
and visual or auditory impairment were assessed by neuro-
logical examination using a scoring system adapted from the
Amiel-Tison Neurological Assessment at Term and the Denver
Developmental Screening Test.20,21 A disability severity scale
was defined according to specific criteria as normal or no dis-
ability, mild disability, or moderate to severe disability (eTable
1 in Supplement 2), yielding a global qualitative score based
on the lowest subscore.

As per protocol, neurocognitive development was classi-
fied into 3 categories using the RBL global developmental
quotient and the standardized neurological examination.
When the RBL developmental quotient was not available,
the standardized neurological examination alone was used
for qualitative assessment of neurodevelopment. The 3 cat-
egories were no neurodevelopmental impairment, mild neu-
rodevelopmental impairment, or moderate to severe neu-
rodevelopmental impairment.

Mild neurodevelopmental impairment was defined as
either an RBL global developmental quotient score between
70 and 84 or mild disability according to the standardized
neurological assessment. Moderate to severe neurodevelop-
mental impairment was defined as at least 1 of the follow-
ing: cerebral palsy, an RBL global developmental quotient
score of less than 70, or moderate to severe disability on the
standardized neurological assessment. No children were
blind or deaf.

Post hoc exploratory outcomes at 2 years included the
following individual components of neurodevelopmental
impairment: global developmental quotient score, RBL sub-
scores, cerebral palsy evaluated according to the Executive
Committee for the Definition of Cerebral Palsy,22 and other
major neurodevelopmental impairments. A minimal clini-
cally important difference between groups for the global
developmental quotient score is 5 points based on the experi-
ence of the investigators and other study groups.23

Because randomization was stratified by gestational age
groups (24-25 weeks and 26-27 weeks) and previous studies
have found differences in survival, bronchopulmonary dys-
plasia, and neurodevelopmental impairment by gestational age,
we tested for an interaction. A post hoc exploratory analysis
was also performed to determine the incidence of survival free
of bronchopulmonary dysplasia or neurodevelopmental im-
pairment. Because use of postnatal steroids could change both
lung and brain maturation, this outcome was considered clini-
cally relevant to evaluate the overall effect of hydrocortisone
therapy in the studied population.

Statistical Analysis
Data are expressed as means and 95% CIs for continuous vari-
ables and numbers and percentages for categorical variables.
Between-group differences were computed when appli-
cable. Comparisons between treatment groups were made
using the t test for quantitative variables and the χ2 test or
Cochran-Armitage trend test for categorical variables. Study
power and sample size were primarily calculated for the out-

come of survival without bronchopulmonary dysplasia at 36
weeks of postmenstrual age but not for follow-up outcomes.

A log binomial regression model was built to study the re-
lationship between the exploratory outcome of survival free
of bronchopulmonary dysplasia or neurodevelopmental im-
pairment and treatment that was adjusted for gestational age
group. In this analysis, children lost to follow-up were omit-
ted. Results are provided as risk difference and relative risk.

All statistical tests were 2-tailed with the significance level
set at .05. The statistical analyses were conducted using SAS
version 9.4 (SAS Institute Inc).

Results
Characteristics of Patients
Of the 523 infants enrolled in the initial study, 406 survived
to 2 years of age (Figure). Of 8 deaths occurring between 36
weeks of postmenstrual age and 2 years, 1 was in the hydro-
cortisone group (n = 208) and 7 were in the placebo group
(n = 206) (P = .04 using the Fisher exact test). Five deaths were
due to severe chronic lung disease (including the 1 patient who
died in the hydrocortisone group), 2 to sepsis, and 1 to late-
onset enterocolitis.

Of the 406 surviving infants, 379 (93%) were seen
during follow-up at a median corrected age of 22 months
(interquartile range, 21-23 months). Of those seen, 158 of
194 in hydrocortisone group (81%) and 146 of 185 in the pla-
cebo group (79%) were evaluated using both the RBL scale
and the standardized neurological examination. The 75
remaining patients were assessed using the standardized
neurological examination alone. The RBL scale outcome
data were not obtained for these participants when either
the infant was unable to be tested or the parents missed the
appointment.

The main baseline characteristics of infants and their
mothers seen during follow-up compared with those lost to
follow-up appear in eTable 2 in Supplement 2 and were not
significantly different between groups. The baseline charac-
teristics and outcomes of patients at 36 weeks of postmen-
strual age and at the 2-year follow-up were similar between
the 2 groups (Table 1). Maternal characteristics were not sig-
nificantly different for factors known to influence neurode-
velopmental outcomes, including employment status and
racial or ethnic group.

The 2 treatment groups were not significantly different
in anthropometric measures or by respiratory symptoms
recorded at follow-up (Table 2). Head circumference was
similar, with a mean z score of −0.67 (SD, 1.55) in the hydro-
cortisone group and −0.79 (SD, 1.44) in the placebo group
(P = .47).

Neurodevelopmental Outcomes
Table 3 presents the neurodevelopmental outcomes for all
infants successfully reassessed at 2 years of age. For the pre-
specified exploratory outcome, the distribution of patients
without neurodevelopmental impairment (73% in the hydro-
cortisone group vs 70% in the placebo group), with mild
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neurodevelopmental impairment (20% in the hydrocorti-
sone group vs 18% in the placebo group), or with moderate
to severe neurodevelopmental impairment (7% in the
hydrocortisone group vs 11% in the placebo group) was not
found to be statistically significantly different between the
2 groups (P = .33). Qualitative assessment of patients using
standardized neurological examination also was not statisti-
cally significantly different between groups (P = .87).

For the post hoc outcomes using the RBL scale, the
mean global developmental quotient score was not statisti-
cally significantly different between treatment groups (91.7
in the hydrocortisone group vs 91.4 in the placebo group;
between-group difference, 0.3 [95% CI, −2.7 to 3.4]; P = .83).
Subscores evaluating the 4 domains of development, cere-
bral palsy incidence, and other major neurodevelopmental

impairments also were not statistically significantly differ-
ent between groups. Because randomization was initially
stratified by gestational age groups (24-25 weeks and 26-27
weeks), tests were performed to assess the neurodevelop-
mental impairment and treatment group × gestational age
group interactions. No statistically significant interaction
was observed (P = .09), therefore, subgroup results were
not reported.

In a post hoc analysis, the relationship between the
exploratory outcome of survival free of bronchopulmonary
dysplasia or neurodevelopmental impairment and treatment
group, adjusted for gestational age group, was studied. From
the 523 initially randomized, 2 withdrew consent and 27
infants were lost to follow-up at 2 years of age. Among these
27 infants, 5 had bronchopulmonary dysplasia at 36 weeks of
postmenstrual age and were classified as having experienced
treatment failure. The number of patients with data on the
composite outcome is therefore 499.

Hydrocortisone was associated with survival free of
neonatal bronchopulmonary dysplasia or neurodevelop-
mental impairment at 22 months compared with placebo
(46.1% vs 36.2%, respectively; risk difference, 9.4 [95% CI,
1.2-17.6]; relative risk, 1.27 [95% CI, 1.03-1.57]; P = .03). After
adjustment for gestational age group, the number of patients
needed to treat to gain 1 patient surviving free of broncho-
pulmonary dysplasia and neurodevelopmental impairment
was 11 (95% CI, 6-83).

Discussion
In this follow-up study of premature infants who were ran-
domly assigned at birth to receive low-dose hydrocortisone
or placebo for 10 days, hydrocortisone treatment was not
associated with any adverse effects on neurodevelopmental
outcomes at 22 months of corrected age. The mean global
developmental quotient score was 91.7 in hydrocortisone
group and 91.4 in the placebo group, which was not signifi-
cantly different. The 95% CI for the observed difference of
−2.7 to 3.4 fell between −5 and 5 points; this suggests the
true difference between these scores is unlikely to be clini-
cally relevant.

A strength of this study is the small number of children
lost to follow-up (7%); 93% of the eligible children returned
for evaluation. The rate of survival without bronchopulmo-
nary dysplasia at 36 weeks of postmenstrual age observed in
the placebo group in PREMILOC trial (51%) was similar to
rates reported in 2 other large studies of extremely preterm
infants: the EPIPAGE 2 (Etude Épidémiologique sur les
Petits Âges Gestationnels 2) population-based cohort in
France in 2011 (53%)24 and the European NEUROSIS (Neona-
tal European Study of Inhaled Steroids) trial between 2010
and 2013 (54%).25

In addition, the rate of cerebral palsy at 2 years of age was
similar in both the PREMILOC trial (6%) and the EPIPAGE 2
study (7%). These findings suggest that the population in-
cluded in the present trial was comparable with larger na-
tional and multinational cohorts.

Figure. Flowchart of Follow-up Cohort

123 Excluded
46 Had poor short-term

prognosis
37 Received ibuprofen or

hydrocortisone before
24 h of age

20 Enrolled too late or already
enrolled in another study

20 Technical or other reasons

426 Excluded
266 Parents not approached
160 Parents refused consent

523 Randomized

1072 Neonates assessed for eligibility

949 Eligible

267 Received placebo as randomized

1 Parents withdrew consent

256 Randomized to receive
hydrocortisone

1 Did not receive
hydrocortisone as
randomized (parents
withdrew consent)

255 Received hydrocortisone
as randomized

266 Included in primary analysis of
the initial study

255 Included in primary analysis of
the initial study

194 Assessed at 2 y of age

36 Assessed with standardized
neurological examination only

158 Assessed with revised
Brunet-Lézine scale and
standardized neurological
examination

185 Assessed at 2 y of age

39 Assessed with standardized
neurological examination only

146 Assessed with revised
Brunet-Lézine scale and
standardized neurological
examination

206 Survived to 36 wk of
postmenstrual age

208 Survived to 36 wk of
postmenstrual age

7 Died1 Died

199 Survived to 2 y of age207 Survived to 2 y of age

14 Lost to follow-up13 Lost to follow-up
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Results from the present follow-up study are consistent
with those reported by Watterberg et al26 who showed that
fewer hydrocortisone-treated infants had a Mental Develop-
ment Index below 70. These findings contrast with previ-
ously reported effects of early postnatal dexamethasone
(beneficial respiratory but adverse neurocognitive effects) and,
to a lesser extent, previous uncompleted clinical trials using
early hydrocortisone (inconclusive effects on bronchopulmo-
nary dysplasia and conflicting neurocognitive outcomes).26-31

In addition, the present study reports 2-year outcomes of the
largest randomized trial, to our knowledge, of early hydrocor-
tisone in extremely preterm infants with the lowest loss to
follow-up to date.

Observed differences between the effects of hydrocorti-
sone and dexamethasone could be related to dose because
higher-dose corticosteroids are known to be deleterious to
the developing brain.32 However, several preclinical findings
also argue against the use of dexamethasone, a 11β-HSD2–
insensitive glucocorticoid, even at low dosages.

Postnatal dexamethasone has been shown to induce hip-
pocampal neuronal apoptotic cell death, a property that
could be reversed by survival-promoting actions mediated by
mineralocorticoid receptors and hydrocortisone.33 Dexa-
methasone perturbs serotoninergic and dopaminergic sys-
tems and the expression of glucocorticoid receptors.34 Dexa-
methasone inhibits sonic hedgehog–smoothened signaling,

Table 1. Population Characteristics of Patients Assessed at 2 Years of Age and Their Mothers

No. (%)a
Between-Group
Difference,
% (95% CI) P Value

Hydrocortisone
(n = 194)

Placebo
(n = 185)

Baseline Maternal Characteristics at Randomization

Maternal racial or ethnic groupb

Caucasian 84 (43) 84 (45)

Black 75 (39) 62 (34)

Asian 7 (4) 10 (5)

Otherc 24 (12) 25 (14)

Maternal employment statusd

None or unemployed 120 (62) 108 (58)

Vendor or salesperson 6 (3) 2 (1)

Unskilled occupation 6 (3) 4 (2)

Office and administrative support
occupation

45 (23) 54 (29)

Consultant or intellectual occupation 12 (6) 9 (5)

Unknown 5 (3) 8 (4)

Multiple pregnancye 63 (32) 64 (35)

Histological chorioamnionitis, No./total (%) 88/180 (49) 91/172 (53)

Gestational diabetes 6 (3) 12 (6)

Gestational hypertension 26 (13) 12 (6)

Antenatal steroid use 187 (96) 177 (96)

Prenatal antibiotic use 138 (71) 132 (71)

Prolonged rupture of membranes >24 h 59 (30) 60 (32)

Tocolysis 128 (66) 129 (70)

Infant Birth Characteristics

Vaginal delivery 101 (52) 97 (52)

Gestational age at birth, mean (SD), wk 26.6 (0.9) 26.5 (0.9)

Birth weight, mean (SD), g 882 (149) 888 (156)

Male sex 99 (51) 106 (57)

Clinical Status of Infants at 36 wk of Postmenstrual Age

Ventilatory support

Invasive or noninvasive ventilation 35 (18) 43 (23) −5 (−13 to 29)

.07fSupplemental oxygen 30 (15) 37 (20) −5 (−12 to 32)

Room air spontaneous ventilation 129 (66) 105 (57) 9 (0 to 19)

Bronchopulmonary dysplasia 51 (26) 64 (35) −9 (−18 to 1) .08

Surgery for patent ductus arteriosus 31 (16) 44 (24) −8 (−15 to 2) .06

Necrotizing enterocolitis 14 (7) 11 (6) 1 (−3 to 6) .62

Gastrointestinal perforation 5 (3) 4 (2) 1 (−3 to 4) .25g

Severe nosocomial sepsis 57 (29) 42 (23) 6 (−2 to 16) .14

Severe brain injury 13 (7) 19 (10) −3 (−9 to 2) .21

a Data are expressed as No. (%)
unless otherwise indicated.

b Self-reported.
c Includes white race

other than Caucasian.
d Classified according to the

French Institute of Statistics
and Economic Studies.

e Indicates more than 1 fetus
(ie, twins, triplets).

f Calculated using the
Cochran-Armitage trend test.

g Calculated using the
Fisher exact test.
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the major mitogenic pathway for granule neuron precursors
in the cerebellum, a brain region critical for the coordination
of movement.35

In contrast, a number of the effects of hydrocortisone
could explain its lack of association with neurodevelopmen-
tal impairment. In addition to the direct anti-inflammatory
effect on the brain, hydrocortisone therapy was associated in
the PREMILOC study with a lower rate of bronchopulmonary
dysplasia and patent ductus arteriosus ligation (19% vs 33%
in the placebo group), which are risk factors for neurodevel-
opmental impairment.36 Also, hydrocortisone consistently
increases blood pressure, which could improve cerebral
blood flow.13

Other than hydrocortisone, caffeine citrate is the only
therapy that has been shown to exert a beneficial effect on both
bronchopulmonary dysplasia and neurodevelopmental im-
pairment at 18 months of age in very low-birth-weight infants,37

but not at 5 years of age.38 In the PREMILOC trial, all recruit-
ing centers used caffeine as a standard of care for treating ap-
nea of prematurity; therefore, hydrocortisone appears to be ad-
ditionally beneficial. Until other potential interventions, such
as those targeting lung angiogenesis or using mesenchymal
stem cells, can be tested, caffeine and hydrocortisone appear
to be the most reasonable options for preventing bronchopul-
monary dysplasia and improving long-term outcomes.

Limitations
A limitation of the present study is the lack of multiple com-
parisons adjustment for exploratory outcomes. Also, the analy-
sis did not account for death as a competing risk because neu-
rodevelopmental impairment could only be studied in
survivors. Fewer deaths occurred in the hydrocortisone group

(47 deaths before 36 weeks of postmenstrual age and 1 death
after 36 weeks of postmenstrual age in the hydrocortisone
group vs 60 and 7, respectively, in the placebo group).

In addition, a substantial number of children (20%) were
only assessed with the standardized neurological examina-
tion. However, baseline characteristics were similar between
children evaluated with the RBL and those evaluated with the
standardized neurological examination only.

The end point (22 months of corrected age) of the popu-
lation assessment was relatively short. Study participants will
be reassessed at the ages of 5 to 7 years. A report on the neu-
rodevelopment of 5- to 7-year-old children exposed to early
hydrocortisone39 has suggested a lower full-scale intelli-
gence quotient at preschool age compared with placebo-
treated infants. These data should be interpreted with cau-
tion because only 16 to 18 patients in each group had a complete
neuropsychological examination. Nevertheless, the safety of
hydrocortisone should be assessed at preschool age because
neurodevelopment assessment at this age better reflects a
child’s general intellectual ability and identifies more spe-
cific learning disabilities.40

Conclusions
In this exploratory analysis of secondary outcomes of a ran-
domized clinical trial of extremely preterm infants, early low-
dose hydrocortisone was not associated with a statistically sig-
nificant difference in neurodevelopment at 2 years of age.
Further randomized studies are needed to provide definitive
assessment of the neurodevelopmental safety of hydrocorti-
sone in extremely preterm infants.

Table 2. Anthropometric Characteristics and Respiratory Outcomes in Children Successfully Followed up at 2 Years of Age

Hydrocortisone Placebo

Between-Group
Difference,
% (95% CI)a P Value

Anthropometric Characteristics

Corrected age at follow-up, median (IQR), mo 22 (21 to 23) 22 (21 to 23) 0 (−0.32 to 0.55)b .61

Weight, mean (SD)c −0.91 (1.30) −0.78 (1.24) −0.13 (−0.40 to 0.14)b .34

No. of children 176 176

Length, mean (SD)c −0.65 (1.40) −0.70 (1.11) 0.05 (−0.22 to 0.31)b .75

No. of children 171 172

Head circumference, mean (SD)c −0.67 (1.55) −0.79 (1.44) 0.12 (−0.45 to 0.21)b .47

No. of children 163 160

Respiratory Outcomes, No./Total (%)

Wheezing 27/170 (16) 31/169 (18) 2 (−11 to 6) .55

Asthma 45/177 (25) 44/174 (25) 0 (−9 to 9) .98

Nocturnal cough 19/164 (12) 31/164 (19) −7 (−15 to 0) .06

Visit to lung specialist 27/173 (16) 20/170 (12) 4 (−3 to 11) .30

Supplemental oxygen 3/194 (2) 1/185 (1) 1 (−1 to 3) .33

Treatment for respiratory problems 85/183 (46) 86/178 (48) −2 (−12 to 8) .72

Abbreviation: IQR, interquartile range.
a Unless otherwise indicated.
b Expressed as the mean difference (95% CI).

c Expressed as a z score, which is the deviation from the mean value for the sex-
and age-specific reference population, divided by the SD for the reference
population. The z scores were generated using the French AUDIPOG
(Association des Utilisateurs de Dossiers Informatisés en Pédiatrie,
Obstétrique et Gynécologie) growth charts.
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Table 3. Neurodevelopmental Outcomes at 2 Years of Age

No. (%)a
Between-Group
Difference,
% (95% CI) P Value

Hydrocortisone
(n = 194)

Placebo
(n = 185)

Primary Outcome

Degree of neurodevelopmental
impairmentb

None 141 (73) 130 (70) 3 (−7 to 12)

.33cMild 39 (20) 34 (18) 2 (−6 to 10)

Moderate to severe 14 (7) 21 (11) −4 (−10 to 2)

Secondary Outcomes

Disability assessment
via standardized
neurological examinationd

None 80 (41) 77 (42) −1 (−10 to 10)

.87cMild 68 (35) 61 (33) 2 (−8 to 12)

Moderate to severe 46 (24) 47 (25) −1 (−10 to 7)

Other major neurodevelopmental
outcomes

Cerebral palsy 12 (6) 10 (5) 1 (−3 to 6) .76

Hemiplegia 1 (<1) 1 (<1)

Seizures 2 (1) 2 (1) >.99e

Ventriculoperitoneal shunting 2 (1) 2 (1) >.99e

Auditory impairment,
No./total (%)

3/190 (2) 6/179 (3) 1 (−5 to 1) .33e

Visual impairment,
No./total (%)

26/189 (14) 27/179 (15) 1 (−9 to 6) .72

Revised Brunet-Lézine scalef

No. of patients 158 146

Global developmental
quotient score,
mean (95% CI)

91.7 (89.7 to 93.8) 91.4 (89.1 to 93.7) 0.3 (−2.7 to 3.4)g .83

Global developmental
quotient score
categories, No./total (%)

≥85 (no disability) 121 (77) 110 (75) 2 (−8 to 11)

.51c70-84 (mild disability) 30 (19) 25 (17) 2 (−7 to 11)

<70 (moderate to
severe disability)

7 (4) 11 (8) −3 (−9 to 2)

Gross motor function
developmental quotient score,
mean (95% CI)

99.7 (96.8 to 102.6) 99.4 (96.1 to 102.7) 0.3 (−4.1 to 4.6)g .90

Visuospatial coordination
developmental quotient score,
mean (95% CI)

90.0 (87.6 to 92.4) 90.1 (87.7 to 92.5) −0.1 (−3.5 to 3.3)g .95

Language developmental
quotient score,
mean (95% CI)

85.6 (83.1 to 88.1) 85.0 (82.1 to 87.8) 0.6 (−3.1 to 4.4)g .75

Sociability developmental
quotient score,
mean (95% CI)

97.5 (94.8 to 100.2) 96.4 (93.3 to 99.5) 1.1 (−3.0 to 5.2)g .59

a Data are expressed as No. (%) unless otherwise indicated.
b Assessed using the revised Brunet-Lézine (RBL) global developmental

quotient score or standardized neurological examination scoring
(additional details appear in eTable 1 in Supplement 2). Of children seen
at follow-up, 158 of 194 were evaluated in the hydrocortisone group (81%)
using the RBL scale vs 146 of 185 in the placebo group (79%).
Neurodevelopmental impairment was classified as “none” if the RBL
global developmental quotient score was 85 or greater and the
standardized neurological examination did not detect any disability;
“mild” if the RBL global developmental quotient score was between 70
and 84 or if the standardized neurological examination detected at least
1 mild disability; and “moderate to severe” if at least 1 of the following
was present: cerebral palsy, an RBL global developmental quotient score
of less than 70, or at least 1 moderate to severe disability on the standardized
neurological examination.

c Calculated using the Cochran-Armitage trend test.
d Evaluates motor function, cognitive skills, behavioral problems, and visual

or auditory impairment using a scoring system adapted from the Amiel-Tison
Neurological Assessment at Term and the Denver Developmental Screening
Test (eTable 1 in Supplement 2). Categories were assigned based on
the lowest subscore.

e Calculated using the Fisher exact test.
f Evaluates 4 domains of development. Each developmental quotient has

a mean norm of 100 and an SD of 15.
g Expressed as the mean difference (95% CI).
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