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IMPORTANCE A single course of antenatal corticosteroid therapy is recommended for
pregnant women at risk of preterm birth between 24 and 33 weeks' gestational age.
However, 50% of women remain pregnant 7 to 14 days later, leading to the question of
whether additional courses should be given to women remaining at risk for preterm birth.
The Multiple Courses of Antenatal Corticosteroids for Preterm Birth Study (MACS) was an
international randomized clinical trial that compared multiple courses of antenatal
corticosteroids with a single course in women at risk of preterm birth.

OBJECTIVE To determine the effects of single vs multiple courses of antenatal corticosteroid
therapy on death or neurodevelopmental disability (neuromotor, neurosensory, or
neurocognitive/neurobehavioral function) at 5 years of age in children whose mothers
participated in MACS. Our secondary aims were to determine the effect on height, weight,
head circumference, blood pressure, intelligence, and specific cognitive (visual, spatial, and
language) skills.

DESIGN, SETTING, AND PARTICIPANTS Cohort follow-up study of children seen between June
2006 and May 2012 at 55 centers. In total, 1724 women (2141 children) were eligible for the
study, of whom 1728 children (80.7% of the 2141 eligible children) participated and 1719
children contributed to the primary outcome.

INTERVENTION Single and multiple courses of antenatal corticosteroid therapy.

MAIN OUTCOMES AND MEASURES The primary outcome was death or survival with a
neurodevelopmental disability in 1of the following domains: neuromotor (nonambulatory
cerebral palsy), neurosensory (blindness, deafness, or need for visual/hearing aids), or
neurocognitive/neurobehavioral function (abnormal attention, memory, or behavior).

RESULTS There was no significant difference between the groups in the risk of death or
neurodevelopmental disability: 217 of 871 children (24.9%) in the multiple-courses group vs
210 of 848 children (24.8%) in the single-course group (odds ratio, 1.02 [95% Cl, 0.81to
1.29]; P = .84).

CONCLUSIONS AND RELEVANCE Multiple courses, compared with a single course, of antenatal
corticosteroid therapy did not increase or decrease the risk of death or disability at 5 years of
age. Because of a lack of strong conclusive evidence of short-term or long-term benefits, it
remains our opinion that multiple courses not be recommended in women with ongoing risk
of preterm birth.
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Antenatal Corticosteroids for Preterm Birth

reterm birth remains a significant health problem

worldwide."? A single course of antenatal corticoste-

roid therapy is an example of a treatment that yields
improved health outcomes and cost savings and is recom-
mended for pregnant women at risk of preterm birth
between 24 and 33 weeks’ gestational age.>* However, 50%
of women remain pregnant 7 to 14 days later, leading to the
question of whether additional courses should be given to
women remaining at risk for preterm birth.> The Multiple
Courses of Antenatal Corticosteroids for Preterm Birth Study
(MACS) was an international, multicenter, double-masked
randomized clinical trial comparing multiple courses of
antenatal corticosteroids vs a single course in women at risk
for preterm birth.® The initial results showed that infants
born to women in the multiple-courses group had a similar
rate of the composite outcome as infants in the single-course
group.® However, multiple courses were associated with
reduced fetal growth.®” The follow-up studies of the clinical
trials on multiple/repeated courses of antenatal corticoste-
roids reported no significant differences in the rates of death
or neurodevelopmental difficulties.®! One study did note a
nonsignificant increase in cerebral palsy in the multiple-
courses group.'® Animal studies evaluating the effects of cor-
ticosteroids on the developing brain have shown decreased
hippocampal weight and neuron number; impairment in
myelination, neurologic development, retinal maturation,
and axonal myelination of optic and auditory nerves; abnor-
mal auditory function; and altered behaviors.”**# Long-term
follow-up for these children remains critical because short-
term benefits can be offset by long-term problems as was
seen by long-term studies of postnatal corticosteroid treat-
ment in preterm infants.' In view of this, our primary aim
was to determine the effects of single vs multiple courses of
antenatal corticosteroid therapy on death or neurodevel-
opmental disability (neuromotor, neurosensory, or
neurocognitive/neurobehavioral function) at 5 years of age.
Our secondary aims were to determine the effect on height,
weight, head circumference, blood pressure, intelligence,
and specific cognitive (visual, spatial, and language) skills.

Methods

Population

Ethics approval was obtained at all participating centers;
written informed consent was obtained from a parent or
guardian for each child. Women were enrolled in MACS if
they were between 25 and 32 weeks’ gestation, remained
pregnant 14 to 21 days following an initial course of antena-
tal corticosteroid therapy, and continued to remain at risk of
preterm birth. A total of 1858 women were enrolled. Central
randomization, with stratification according to center and
gestational age at enrollment, took place from April 9, 2001,
to August 31, 2006. All centers were encouraged to partici-
pate and all children were considered eligible for the 5-year
follow-up. The children’s families, clinicians, and research-
ers associated with the trial remained unaware of the ran-
dom assignments to the 5-year follow-up.
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Intervention

Women assigned to the multiple-courses arm received 2 doses
of 12 mg of betamethasone intramuscularly 24 hours apart;
those assigned to the single-course arm received a similar-
appearing placebo injection. The study medication was given
every 2 weeks until 33 weeks of gestation or birth, whichever
happened first. All children alive at 5 years of age underwent
the 5-year assessment, which included a neurologic assess-
ment to determine the presence of cerebral palsy and any hear-
ing/visual difficulties and the completion of 2 parent ques-
tionnaires. The institutions were encouraged to contact the
families of all surviving children even if no contact had been
made at 18 to 24 months of age. The target date for the visit
was the child’s fifth chronological birthday; completing the as-
sessments within 4 months of the target date was encour-
aged, but efforts to locate and assess the children continued
beyond this age when necessary. The 5-year follow-up began
in June 2006 and was complete by May 2012.

Primary Outcome for the 5-Year Follow-up

The primary outcome was a composite of death or survival with
a neurodevelopmental disability in at least 1 of the following
domains: neuromotor (nonambulatory cerebral palsy), neu-
rosensory (blindness, deafness, or need for visual or hearing
aids), or neurocognitive/neurobehavioral function (abnor-
mal attention, memory, or behavior). These abnormalities rep-
resented a spectrum of difficulties that could be manifested
as aresult of interference in the developing brain or nerve in-
volvement from potential exposure to antenatal corticoste-
roids. Nonambulatory cerebral palsy was present if the child
had a nonprogressive motor impairment characterized by ab-
normal muscle tone and decreased range of movements, with
a gross motor function score of 3 to 5 as defined in the Gross
Motor Function Classification System.'® Neurosensory dis-
ability was defined as blindness, deafness, or need for visual
or hearing aids based on local criteria. Neurocognitive/
neurobehavioral disability was defined as an abnormally el-
evated score (>1.5 SDs greater than the normative control
sample) on either 1 of 2 parent-administered questionnaires:
the Behavior Rating Inventory of Executive Function-
Preschool Version and the Child Behavior Checklist-1%5-5.1718
A child with a score more than 1.5 SDs presented with a higher
chance of abnormality of attention, memory, and behavior in
the domain of neurobehavioral/neurocognitive difficulties.'”'®
Personnel for the completion of the assessments and exami-
nation of the children were trained in neurodevelopmental as-
sessments and worked in follow-up programs, developmen-
tal assessment centers, and/or treatment centers for disabilities.
Permission agreements were obtained for translations and vali-
dation of the questionnaires into the 13 languages required for
the study.

Secondary Outcomes for the 5-Year Follow-up

All children were assessed for growth (height, weight, and head
circumference) and blood pressure. For logistical reasons, only
the children in 11 Canadian centers participated in the assess-
ments for intelligence and specific cognitive skills. The Wechs-
ler Preschool and Primary Scale of Intelligence-Third Edition*®
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was administered to assess intelligence; the Developmental
Test of Visual-Motor Integration-Fifth Edition,>° for visual and
motor abilities and integration; and the Peabody Picture Vo-
cabulary Test-Third Edition,* for vocabulary knowledge de-
velopment and receptive language abilities. All assessments
were administered by qualified psychologists.

Statistical Analysis

We assumed the probability of death or neurodevelopmental
disability in the single-course arm to be 0.14 based on previ-
ous trials of single courses of antenatal corticosteroid therapy.*
We estimated a total sample size of 1200; with this total, we
had a power of 80% to achieve statistical significance at the
.05 level, 2-sided, if multiple courses reduced the probability
of the outcome to 0.08.

The analysis was based on an “intention-to-treat” ap-
proach. Descriptive statistics were used to check for dissimi-
larity in the 2 groups.

The primary outcome was compared between treatment
arms using a general linear model for a binary response with
repeated measures for children from the same pregnancy. The
model included the stratification variable gestational age at ran-
domization (<28 vs =28 weeks). Generalized estimating equa-
tions were used to fit the model. A 2-sided level of .05 was con-
sidered significant. Odds ratios (OR) and their corresponding
95% confidence intervals were calculated. A similar model was
used to compare treatment arms while controlling for pre-
term prelabor rupture of membranes, multiple birth, and ges-
tational age at randomization. A supportive analysis to com-
pare the treatment arms with respect to the 4 domains
composing the primary outcome (death and neuromotor, neu-
rosensory, and neurocognitive/neurobehavioral disability) was
performed using the same approach as the composite pri-
mary outcome.

As in the other trials, one-third of the infants in MACS
were born at term. Because of concerns regarding exposure
to steroids in infants who had gone on to be born at term®
and to examine the treatment effect in the absence of the
risk of neonatal morbidities often noted in the preterm
population,? we undertook a post hoc exploratory analysis
comparing the treatment effect in term infants (=37 weeks)
and preterm infants (<37 weeks). The interaction between
treatment group and gestational age was examined for the
primary outcome and its 4 components, and the treatment
effect in the 2 groups was determined, using the same mod-
els as described earlier.

The secondary outcomes of growth (height, weight, and
head circumference) and blood pressure in the main sample
and the measures of intelligence and cognitive skills in the Ca-
nadian subset were compared between treatment arms using
ageneral linear model for normal response, with repeated mea-
sures for children from the same pregnancy. The model in-
cluded the stratification variable gestational age at random-
ization. Generalized estimating equations were used to fit the
model. A 2-sided nominal of 0.0125 was used to maintain an
overall level of .05.

The pregnancies of those children included in the analy-
sis of intelligence and cognitive skill were compared with those
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not included with respect to the baseline variables, preterm
prelabor rupture of membranes, multiple birth, and gesta-
tional age at randomization because the pregnancies used for
these outcomes were from a smaller subsample of the origi-
nal MACS pregnancies. The Fisher exact test was used for pre-
term prelabor rupture of membranes and multiple birth and
t tests for gestational age. A 2-sided level of .05 was consid-
ered significant.

. |
Results

Study Participants

Of the original 1858 women enrolled, 1724 women and their
2141 children were eligible for the present study (Figure). For
the 5-year follow-up, 413 children were unable to be followed
up because they could not be located or parents declined par-
ticipation and 1 child lost after maternal enrollment was found,
leaving 1728 children (80.7% of the 2141 eligible children and
528 greater than the estimated sample size) to contribute to
the outcomes of the 5-year follow-up. The baseline maternal
characteristics of the original and the 5-year cohorts were simi-
lar (Table 1). The neonatal outcomes were consistent with the
results of the primary report (eTable in the Supplement). The
characteristics and outcomes of those not followed up are out-
lined in eTable 2 and eTable 3 in the Supplement.

Ofthe 1728 children, 93 deaths were reported, leaving 1635
surviving children. Of the surviving children, all but 19 had ad-
equate information to contribute to the primary outcome. Ad-
ditional information was obtained and reviewed by an adju-
dication committee, with 10 having adequate information to
contribute to the primary outcome and the remaining 9 not.
In total, 1719 children contributed to the primary outcome
(Figure). The median age for the 5-year assessments was 5.2
years for both groups.

Primary Outcome

The results of the composite primary outcome and its com-
ponents are shown in Table 2. There was no statistically sig-
nificant difference between the treatment groups in the risk
of death or neurodevelopmental disability: 217 of 871 chil-
dren (24.9%) in the multiple-courses group vs 210 of the 848
children (24.8%) in the single-course group (OR, 1.02[95% CI,
0.81t01.29]; P = .84).

There was no association between type of pregnancy
(single vs multiple) and the primary outcome. Preterm prela-
bor rupture of membranes at randomization was associated
with an increased risk of the primary outcome (OR, 2.31[95%
CI, 1.74 to 3.07]; P < .001). Randomization prior to 28 weeks’
gestation was associated with an increase in the risk of the pri-
mary outcome (OR, 1.52 [95% CI, 1.18 t0 1.95]; P = .002).

Amonginfants who were born at term (=37 weeks’ gestation),
those randomized to the multiple courses were at increased risk
ofthe primary outcome (OR, 1.69[95% CI, 1.04 t0 2.77]; P = .04)
and increased risk of neurosensory disability (OR, 3.70 [95% CI,
1.57t0 8.75]; P = .004) (Table 3 and Table 4). There was a statis-
tically significant interaction between treatment group and ges-
tational age at birth for the primary outcome (P = .02) and for

jamapediatrics.com

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwor k.com/ by a Hospital Italiano de Buenos Aires User on 12/27/2013



Antenatal Corticosteroids for Preterm Birth

Original Investigation Research

Figure. Multiple Courses of Antenatal Corticosteroids for Preterm Birth Stu

dy 5-Year Follow-up (MACS-5) Trial Profile

1858 Women (2318 fetuses)
randomized in MACS

2 Women (2 fetuses) in multiple-courses group
lost to follow-up for MACS

3 Women (3 fetuses) in single-course group
lost to follow-up for MACS

5 Fetuses/infants in multiple-courses group
excluded from MACS analysis

4 Fetuses/infants in single-course group
excluded from MACS analysis

included in MAC

1853 Women (2304 fetuses) from 80 centers

S analysis

71 Women (89 children) in multiple-courses group
in 25 centers not able to participate in the study

59 Women (75 children) in single-course group
in 25 centers not able to participate in the study

1 Woman (1 child) found
and included in MACS-5

e —>| 1724 Women (2141 children) eligible for MACS-5

865 Women (1076 children) in
multiple-courses group

859 Women (1065 children) in
single-course group

203 Children (176 women)
unable to be followed up

210 Children (172 women)
unable to be followed up

873 Children followed up (689 women)
213 Children born term
660 Children born preterm

855 Children followed up (687 women)
249 Children born term
606 Children born preterm

2 Children with incomplete
components of primary
outcomes

7 Children with incomplete
components of primary
outcomes

871 Children contributed to primary
outcomes

213 Children born term
658 Children born preterm

848 Children contributed to primary
outcomes

249 Children born term
599 Children born preterm

neurosensory disability (P = .005). We did not identify a dose
response for the effect on neurosensory disability.

Secondary Outcomes: Growth and Other Health Outcomes
The mean weight, height, head circumference, and blood
pressure for children at age 5 years in the multiple-courses
group were not significantly different from those in the
single-course group (Table 5). Similar to the primary out-
come, there was a significant effect of preterm prelabor rup-
ture of membranes at randomization on weight (mean dif-
ference, -0.51 kg [95% CI, -1.00 to —-0.014]; P = .046) and
head circumference (mean difference, -0.54 cm [95% CI,
-0.85t0 -0.23]; P = .001).

Secondary Outcomes: Intelligence and Specific
Neurocognitive Abilities

In total, 460 children in 11 Canadian centers (342 women)
were eligible to participate in the assessments of intelligence
and specific cognitive skills. Of these, 175 (83 in the multiple-
courses group and 92 in the single-course group) were
unable to be followed up or declined participation and 2 chil-
dren (1 in each group) could not be assessed secondary to
severe disabilities, leaving 283 children (140 in the multiple-
courses group and 143 in the single-course group). The find-
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ings were similar between the 2 groups (Table 5). There were
only marginal effects on visual-motor abilities and integra-
tion measures (Developmental Test of Visual-Motor
Integration-Fifth Edition score mean difference, -4.13 [95%
CL -8.09 to -0.17]; P = .05).

|
Discussion

The enhancement of lung maturity with antenatal cortico-
steroid therapy prior to preterm birth reduces neonatal mor-
tality and morbidity and is the primary reason for the con-
clusion put forward by the current Cochrane systematic
review that the short-term benefits of less respiratory dis-
tress support the use of multiple doses of antenatal cortico-
steroids for women at risk of preterm birth.?4-2> However, as
with most interventions, there needs to be a balance
between benefits and potential risks. To our knowledge, this
is the first randomized trial to report on the 5-year follow-up
of children exposed to single vs multiple courses of antena-
tal corticosteroids. Overall, this study found no difference in
survival rates or the presence of a disability at 5 years of
age. In spite of a previous report of behavioral challenges
in children exposed to multiple courses of antenatal
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Table 1. Characteristics at Baseline and Exposure to Study Drug for Women of the Children

Participating in MACS-5

No. (%)

MACS Women Followed up

MACS-5 Women

in Initial Trial Actually Followed up
(n = 1853) (n =1376)
Multiple- Single- Single-
Courses Course Multiple- Course
Group Group Courses Group Group
Characteristic (n =935) (n=918) (n = 689)* (n = 687)
Maternal age, y, mean (SD) 29 (6.2)° 29 (6.2) 29 (6.2) 29 (6.2)
Multiple pregnancy 198 (21.2) 192 (20.9) 161 (23.4) 146 (21.3)
No. of fetuses
Singleton 737 (78.8) 726 (79.1) 528 (76.6) 541 (78.8)
Twin 162 (17.3) 158 (17.2) 133 (19.3) 118 (17.2)
Triplet 36 (3.9) 34 (3.7) 28 (4.1) 28 (4.1)
Gestational age at randomization, wk, mean (SD) 29.3 (2.0) 29.4 (2.0) 29.3 (1.9) 29.4 (2.0)
Gestational age at randomization, wk
<25 1(0.1) 0 0 0
25-27 256 (27.4) 255 (27.8) 183 (26.6) 185 (26.9)
28-32 678 (72.5) 661 (72.0) 506 (73.4) 500 (72.8)
>32 0 2(0.2) 0 2(0.3)
PPROM at randomization 149 (15.9) 142 (15.5) 106 (15.4) 117 (17.0)
National perinatal mortality rate of country©
<10 per 1000 623 (66.6) 612 (66.7) 458 (66.5) 446 (64.9) . )
Abbreviations: MACS-5, Multiple
>10-20 per 1000 239(25.6)  238(25.9) 190 (27.6) 194 (28.2) Courses of Antenatal Corticosteroids
>20 per 1000 73 (7.8) 68 (7.4) 41 (6.0) 47 (6.8) for Preterm Birth Study 5-year
No. of courses of study drug follow-up; PPROM, preterm prelabor
rupture of membranes.
0 5(0.5) 5(0.5) 3(0.4) 3(0.4)
2 One case lost to follow-up was
1 385 (41.2) 365 (39.8) 275 (39.9) 274 (39.9) found and included at 5 years.
2 305 (32.6) 273 (29.7) 230 (33.4) 207 (30.1) b New information available after
3 150 (16.0) 169 (18.4) 112 (16.3) 125 (18.2) primary results published.
4 90 (9.6) 104 (11.3) 69 (10.0) 77 (11.2) € Countries with a national perinatal
- mortality rate of 10 per 1000 or less
Missing 2 1@y included Canada, Chile, Denmark,
Gestational age at delivery, wk Germany, Hungary, Israel, the
<28 39 (4.2) 27 (2.9) 31 (4.5) 25 (3.6) Netherlands, Poland, Spain,
Switzerland, the United Kingdom,
28-32 280 (29.9) 254 (27.7) 207 (30.0) 187 (27.2) and the United States; countries
33-36 338 (36.2) 319 (34.8) 250 (36.3) 239 (34.8) with a national perinatal mortality
237 278 (29.7)  318(34.6)  201(29.2) 236 (34.4) rate of more than 10 to 20 per 1000
. included Argentina, Brazil, and Peru;
Method of delivery . . .

; . and countries with a national
Vaginal delivery 396 (42.4) 415 (45.2) 291 (42.2) 312 (45.4) perinatal mortality rate of more
Cesarean section 537 (57.4) 501 (54.6) 396 (57.5) 373 (54.3) than 20 per 1000 included Bolivia,
Missing 2(02) 2(0.2) 2(0.3) 2(03) china, Colombia, Jordan, and

Russia.?®

corticosteroids,?® we did not identify differences in global
behavioral or executive functioning parameters between the
groups as determined by the parent-administered question-
naires. Our probability of 25% for the primary outcome in
the single-course arm was higher than expected, but with
1728 children in our sample, we had an 85% power of achiev-
ing significance if the probability of the primary outcome
was 6 percentage points lower in the multiple-courses arm.
In MACS, 32% of the women gave birth at term.® These chil-
dren had an almost 1.7-fold increased odds of death or disabil-
ity at 5 years of age. More specifically, these children experienced
analmost 4-fold increased odds of neurosensory disability. The
absence of a dose response suggested that those children ex-
posed to 1additional course and then born at term were just as

1106 JAMA Pediatrics December 2013 Volume 167, Number 12

likely to experience the increased risk of neurosensory disabil-
ity as those exposed to 4 courses of antenatal corticosteroid
therapy. A possible explanation is that the term infant, unlike
the preterm infant, is exposed to not only the exogenous cor-
ticosteroid treatment but also the natural endogenous surge of
cortisol in late pregnancy critical for normal fetal growth and
development.?”-?® The combined effects of exogenous and en-
dogenous corticosteroid may account for the observed effect.
To our knowledge, this is the first long-term follow-up study to
identify a population of infants who did not benefit from this
approach in care and who were shown to have an increased risk
of adifficulty later in childhood. Longer follow-up of the cohort
will be valuable to assess for evidence of further ongoing neu-
rosensory and neurobehavioral function.
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Table 2. Outcomes of Children at 5 Years of Age

No./ Total No. (%)

Multiple-Courses Single-Course P
Outcomes Group Group OR (95% CI) Value

Total children followed up (N = 1728) n=_873 n =855

Death or severe disability (neuromotor, 217/871 (24.9) 210/848 (24.8) 1.02 (0.81-1.29) .84
neurosensory, or neurocognitive)?

Deathupto 5y (n=93)

46/873 (5.3) 47/855 (5.5)  0.94 (0.61-1.46) .79

Stillbirth 8 10
Death <28 d 32 30
Death <24 mo 5 7
Death >24 mo 1 0
Surviving children (n = 1635) n =827 n = 808 Abbreviationcsl: SEISE. Far;te;a;al
corticosteroid; -P, Behavio
Neuromotor disability (nonambulatory 4/827 (0.5) 11/808 (1.4)  0.35(0.11-1.10) .06 i e et
cerebral palsy)® Fatlng nv;ntorl);o | \;(ecutwe
o unction-Preschool Version;
Neurosensory disability* 70/827 (8.5) 61/808 (7.6) 1.12 (0.77-1.63) .55 CBCL/14-5, Child Behavior
Blindness 1(0.1) 2(03) Checklist-1/5-5; GEC, global executive
Preexisting (diagnosed at <2 y) 1 2 composite; OR, odds ratio.
New (diagnosed >2 y) 0 0 2 Clinical information of 19 cases
P ) 61 (7.4 52 (6.4 missing/inadequate BRIEF-P and
Needing visual aids ) €4 CBCL/1%2-5 scores were reviewed by
Deafness 11 (1.3) 6(0.7) an adjudication committee (10 cases
Preexisting (diagnosed at <2 y) 4 4 were adjudicated to contribute to
New (diagnosed >2 y) 7 2 analysis and primary outcome;
. L . . 9 had insufficient information).
Needing amplification/hearing aids 4(0.5) 5(0.6)

®Nonambulatory cerebral palsy was

108/822/(13.1) defined as Gross Motor Function

Neurocognitive/neurobehavioral disability 109/793 (13.8) 0.98 (0.73-1.33) .91

BRIEF-P GEC score 76 (9) 75 (9) Classification System score of 3, 4,
Mean (SE) 47.4 (0.53) 47.1 (0.49) or5.

CBCL/1Y/-5 total score 76 (9) 84 (11) € A child could have more than
Mean (SE) 483 (0.51) 48.7 (0.51) 1 component of the neurosensory

component.

Table 3. Treatment Comparisons (Multiple Courses vs Single Course of ACS) of Primary Outcome
and Components by Gestational Age at Birth (Preterm vs Term)

OR (95% Cl); P Value

Preterm Infants (<37 wk) Term Infants (237 wk) P Value for
Outcome (N = 1719) (n=1257) (n = 462) Interaction® Abbreviations: ACS, antenatal
Primary composite 0.87 (0.67-1.14); .32 1.69 (1.04-2.77); .04 .02 corticosteroid; OR, odds ratio.
Death® 0.91 (0.58-1.41); .66 0.58(0.52, 6.47); .65 .72 2 Pvalue for testing hypothesis that

Neuromotor disability

No convergence

No convergence

No convergence

OR for preterm infants equals OR

for term infants.

Neurosensory disability 0.84 (0.55-1.29); .43

0.89(0.62-1.28); .53

3.70(1.57-8.75); .004 .005

b . )
1.31(0.75-2.29); .35 31 Covariates not included because of

Neurocognitive disability lack of convergence

Table 4. Neurosensory Disability by Study Dose Received and Gestational Age at Birth 1635 Infants

Term Infants
(n = 459)

No. (%) With

Preterm Infants
(n=1176)

No. (%) With

Sample Size Neurosensory Disability Sample Size Neurosensory Disability
No. of multiple courses of ACS received

0 5642 55° (9.62) 247 7 (2.83)

1 263 31 (11.79) 49 5(10.20)

2 194 14 (7.22) 88 5 (5.68)

3 103 5 (4.85) 39 5(12.82)

4 52 0 35 4 (11.43)
Missing 0 0 1€ 0

Abbreviation: ACS, antenatal corticosteroid. before receiving additional courses) was identified as having a neurosensory

2 Three women randomized to the multiple-courses preterm group gave birth disability.
prior to receiving an additional course of ACS. € One woman was lost to follow-up during the initial trial after randomization
but was found at the 5-year point and the child was assessed at 5 years of age;

no maternal and neonatal study data available.

®One of the children from the 3 women identified in footnote a (who were
randomized to the multiple-courses ACS group who went on to give birth
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Table 5. Growth and Health Outcomes and Intelligence and Specific Neurocognitive Skills

of Children at 5 Years of Age

Mean (SE)
Multiple-Courses Single-Course Mean Difference
Group Group (95% ClI) P Value
Growth and health outcomes n =827 n =808
(n =1635)
Weight, kg 19.3 (0.15) 19.5 (0.15) -0.21 (-0.60 t0 0.17) .28
Height, cm 110.7 (0.26) 111.1 (0.25) -0.40 (-1.04 to 0.25) .23
Head circumference, cm 51.1 (0.09) 51.2 (0.10) -0.06 (-0.30 to 0.18) .65
Blood pressure, mm Hg
Systolic 98.5 (0.49) 98.2 (0.49) 0.30 (-0.95 to -1.55) .64
; . Abbreviations: Beery VMI, Beery
D | = =
iastolic 61.0 (0.40) 60.3 (0.44) 0.70 (-0.36 to -1.77) .20 Developmental Test of Visual-Motor
Intelligence and specific n =140 n=143 Integration-Fifth Edition;
neurocognitive skills (n = 283) FSIQ, full-scale 1Q; PPVT-IIl, Peabody
WPPSI-III FSIQ 101.8 (1.40) 100.7 (1.39) 1.03 (-2.64 to 4.69) .58 Picture Vocabulary Test-Third
Beery VM 99.6 (1.31) 100.4 (1.06)  -0.78 (-3.86 t0 2.29) 62 Edition; WPPSI-II, Wechsler
PPVT-III 108.8 (1.24) 107.0 (1.49)  1.88(-135t05.11) .26 Preschool and Primary Scale of

Intelligence-Third Edition.

There have been infant studies evaluating hearing and
exposure to multiple courses of antenatal corticosteroids on
preterm infants.??-3° These studies showed no deleterious
effects on hearing in small numbers of preterm infants at
the time of discharge from the neonatal intensive care unit
but did not include long-term follow-up to determine the
status of hearing later in life. To our knowledge, there
have not been any other human studies to date evaluating
childhood neurosensory function (vision and/or hearing)
in infants exposed to multiple courses of antenatal cortico-
steroids.

There are limitations to these findings. This was a post hoc
analysis, and as such, its findings should be viewed with cau-
tion since the analysis was not prespecified. However, the
strength of the findings is that the data came from a large ran-
domized clinical trial and that greater than 80% of the cohort
was followed up.

The adverse effects on in utero growth remain worri-
some and unclear because they may represent the potential
for multiple courses to be associated with harm. The devel-
opmental origins of the adult-onset disease hypothesis sug-
gest that an association exists with reduced size in utero and
later obesity and indicators of cardiovascular risk.3*-3? Expo-
sure to certain stimuli during critical periods of prenatal and
postnatal life can influence developmental pathways result-
ing in permanent changes in cardiovascular, metabolic, and
neurologic/neurodevelopmental function, leading to in-
creased susceptibility to chronic disease or dysfunction,3*3>
and may not manifest until later childhood, adolescence, or
adulthood.323® With respect to the present cohort, longer-
term follow-up is needed to determine the potential associa-
tions, if any, between antenatal corticosteroid therapy and the
development of chronic diseases.

Finally, children in both groups born to mothers who ex-
perienced preterm prelabor rupture of membranes had an in-
creased risk of disability that will require further study. This
highlights the importance of further research in the manage-
ment of preterm prelabor rupture of membranes.

This study has a number of major strengths: (1) the rigor
of the randomized trial design facilitating the comparison of
the 2 groups and (2) a high follow-up rate yielding a large co-
hort group enabling generalizability of the findings. Weak-
nesses include (1) our post hoc analysis, although major con-
founders were controlled for, and (2) that analyses of
neurobehavioral function were limited to global indices and
specific neurocognitive skills in the Canadian children; ef-
fects might still exist when subscales are analyzed.

. |
Conclusions

Multiple courses, compared with a single course, of antenatal
corticosteroid therapy did not increase or decrease the risk of
death or disability at 5 years of age. Because of a lack of strong
conclusive evidence of short-term or long-term benefits, it re-
mains our opinion that multiple courses should not be recom-
mended in women with ongoing risk of preterm birth. Efforts
should be made to ensure that a single course is given at the most
beneficial time for the fetus rather than exposing women and
their fetuses to multiple courses. The possibility of ongoing long-
term harm needs further evaluation. Research in this area is
needed to answer questions on late-presenting neurobehav-
ioral function, neurosensory disabilities, and susceptibility to
metabolic and cardiovascular disease. These outcomes may be
equally, if not more, important to consider to justify a therapy
such as multiple courses of antenatal corticosteroids.

ARTICLE INFORMATION
Accepted for Publication: April 17, 2013.

Published Online: October 14, 2013.
doi:10.1001/jamapediatrics.2013.2764.

Toronto, Toronto, Ontario, Canada (Murphy);
Program in Child Health Evaluative Sciences,
SickKids Research Institute, Dalla Lana School of
Public Health, University of Toronto, Toronto,
Ontario, Canada (Willan); Departments of
Physiology, Obstetrics and Gynaecology, and

Author Affiliations: Department of Newborn and
Developmental Paediatrics, Sunnybrook Health
Sciences Centre, Sunnybrook Research Institute,
University of Toronto, Toronto, Ontario, Canada
(Asztalos); Department of Obstetrics and
Gynaecology, Mount Sinai Hospital, University of

1108 JAMA Pediatrics December 2013 Volume 167, Number 12 jamapediatrics.com

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwor k.com/ by a Hospital Italiano de Buenos Aires User on 12/27/2013



Antenatal Corticosteroids for Preterm Birth

Medicine, University of Toronto, Toronto, Ontario,
Canada (Matthews); Department of Paediatrics,
Mount Sinai Hospital, University of Toronto,
Toronto, Ontario, Canada (Ohlsson, Kelly, Lee);
Department of Paediatrics, McMaster University
Medical Centre, Hamilton, Ontario, Canada (Saigal);
Department of Obstetrics and Gynaecology, IWK
Health Centre, Dalhousie University, Halifax, Nova
Scotia, Canada (Armson); Department of Obstetrics
and Gynaecology, BC Women's Hospital, University
of British Columbia, Vancouver, British Columbia,
Canada (Delisle); Centre for Health Economics and
Policy Analysis, Department of Clinical
Epidemiology and Biostatistics, McMaster
University, Hamilton, Ontario, Canada (Gafni);
Department of Psychology, The Hospital for Sick
Children, University of Toronto, Toronto, Ontario,
Canada (Sananes); Neuroscience and Mental Health
Program, The Hospital for Sick Children,
Department of Paediatrics, University of Toronto,
Toronto, Ontario, Canada (Rovet); The Hospital for
Sick Children, Toronto, Ontario, Canada (Guselle);
The Centre for Mother, Infant, and Child Research,
Sunnybrook Health Sciences Centre, Sunnybrook
Research Institute, University of Toronto, Toronto,
Ontario, Canada (Amankwah, Saleem, Sanchez).

Author Contributions: Drs Asztalos and Willan had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Asztalos, Murphy, Willan,
Matthews, Ohlsson, Saigal, Armson, Kelly, Gafni,
Lee, Rovet, Guselle, Amankwah.

Acquisition of data: Asztalos, Murphy, Willan, Kelly,
Delisle, Lee, Sananes, Rovet, Saleem, Sanchez.
Analysis and interpretation of data: Asztalos, Murphy,
Willan, Matthews, Ohlsson, Saigal, Armson, Delisle,
Gafni, Lee, Sananes, Guselle, Amankwah.

Drafting of the manuscript: Asztalos, Murphy, Willan,
Matthews, Ohlsson, Kelly, Rovet, Amankwah.

Critical revision of the manuscript for important
intellectual content: Asztalos, Murphy, Willan,
Matthews, Ohlsson, Saigal, Armson, Kelly, Delisle,
Gafni, Lee, Sananes, Guselle, Saleem, Sanchez.
Statistical analysis: Asztalos, Murphy, Willan, Saigal,
Armson, Lee, Saleem.

Obtaining funding: Asztalos, Murphy, Willan,
Matthews, Ohlsson, Gafni, Rovet, Guselle,
Amankwah.

Administrative, technical, or material support:
Asztalos, Armson, Kelly, Sananes, Saleem, Sanchez.
Study supervision: Asztalos, Sananes.

Conflict of Interest Disclosures: None reported.

Funding/Support: MACS-5 was funded by
Canadian Institutes of Health Research grant 78775.

Role of the Sponsor: The Canadian Institutes of
Health Research had no role in the design and
conduct of the study; collection, management,
analysis, and interpretation of the data; and
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.

Group Information: MACS-5 Collaborative Group:
Steering Committee: E. V. Asztalos (chair),

K. E. Murphy, A. R. Willan, S. G. Matthews,

M. E. Hannah, A. Ohlsson, E. N. Kelly, S. Saigal,

S. Ross, M. F. Delisle, K. Amankwah, P. Guselle,

A. Gafni, S. K. Lee, B. A. Armson, R. Sananes,

J. Rovet, Johanna Sanchez, Mariam Saleem.
Adjudication Committee: E. V. Asztalos, K. E. Murphy,
S. Saigal. Data Safety Monitoring Board: M. Bracken
(chair), P. Crowley, K. Thorpe, L. Duley, R. Erenkranz.

jamapediatrics.com

The Centre for Mother, Infant, and Child Research
(Toronto, Ontario, Canada): Edna Kavuma
(coordinator), Mariam Saleem (coordinator), Siobhan
Tobin, Michael Shi, Sunny Chan, Jen Gubatan, Judy
Cardwell, Marlene Leung (coordinator), Johanna
Sanchez (research projects manager), Dalah Mason
(research administration manager). Collaborators
(No. in whom follow-up complete): Argentina (403):
Hospital Fiorito, Avellaneda: Leonardo Kwiatkowski;
Hospital Penna, Bahia Blanca: Carlos Deguer, Andrea
Salazar, Marcela Brindo, Milton Klun, Jose Luis
Castaldi, Marta Susana Bertin; Hospital Italiano de
Buenos Aires, Buenos Aires: Diana Rodriguez, Carlos
Alberto Fustifiana, Lucas Otafio, Gustavo Izbizky;
Hospital Posadas, Buenos Aires: Mario S. F. Palermo,
Dolores Montes Varela, Maria Valeria Garcia, Monica
Elizabeth Trasmonte; Hospital Sarda, Buenos Aires:
Maria Natalia Basualdo, Iris Schapira, Elsa Andina,
Ingrid Di Marco, Norma Aspres; Hospital Angela
Iglesia de Llano, Corrientes, Mabel Rivero, Elena
Elizabet Gomez, Laura Lilian Palacios, Monica Beatriz
Ahlbom, Maria Silvia Bonassies, Daniel Alberto Vidal;
Hospital JR Vidal, Corrientes: Jesus Daniel Aguirre,
Elba Mirta Alicia Morales, Sergio Alfredo Garcia,
Griselda Itati Abreo, Maria Teresa De Sagastizabal;
Hospital LC Lagomaggiore, Mendoza: Raquel de
Lourdes Martin, Susana Lucero De Gaetano, Mesas
Walter; Hospital JM Cullen, Santa Fe: Carlos Arias,
Maria Luisa Farri; Hospital Ramon Carrillo, Santiago
del Estero: Raul Abalos Gorostiaga, Jorge Eduardo
Alvarado, Miguel Curioni; Brazil (22): Hospital Geral,
Caxias do Sul: Dilma Maria Tonoli Tessari, Jose Mauro
Madi, Helen Zatti, Maria do Carmo Torres Mattana,
Grazie la Rech Artico; UFSC, Florianopolis: Alberto
Trapani Jr, Tania Cristina Finger; Hospital Materno
Infantil, Goiania: Luiza Emylce Pel4 Rosado, Victor
Reges Nunes Teixeira, Augusto Cortizo Vidal,
Goianice Ribeiro de Souza; Maternidade Escola da
UFRJ, Rio de Janeiro: Renato Augusto Moreira de Sa,
Rita Guerios Bornia; Canada (324): Royal Alexandra
Hospital, Edmonton: Leonora Hendson, Jill
Tomlinson, Nestor Demianczuk, Elizabeth Penttinen;
Dr Everett Chalmers Regional Hospital, Fredericton:
Ramaiyer Krishnaswamy, Janet Paquin, Kimberly
Butt, Kathryn Hay, Amelia Beaney; IWK Health Centre,
Halifax: Anthony Armson, Victoria Allen, Cora
Fanning; North Bay Regional Health Centre, North
Bay: Ramesh Kulkarni, Joanne Laplante; Regina
General Hospital, Regina: George D. Carson, Suzanne
Williams; Royal University Hospital, Saskatoon: Femi
Olatunbosun, April Henry, Neil Wonko; CHUS
Fleurimont, Sherbrooke: Jean-Marie Moutquin,
Emanuela Ferretti, Diane Royer, Daniel Blouin,
Suzanne Kocsis Bédard; Mount Sinai Hospital,
Toronto: Kellie Murphy, Arne Ohlsson, Edmond Kelly,
Joanne Rovet, Renee Sananes; Sunnybrook Health
Sciences Center, Toronto: Elizabeth Asztalos, Howard
Cohen, Jon Barrett, Denise Hohn, Maralyn Lacy;
Children’s & Women's Health Centre of BC, Vancouver:
Marie-France Delisle, Sarah Quelch, Tanya Willar,
Anne Synnes, Arsalan Butt, Phillipa Hubber-Richard;
St Boniface General Hospital, Winnipeg: Diane
Moddemann, Debbie Cote, Doris Kenny-Lodewyks,
Michael Helewa; Chile (162): Hospital Dr Sotero del
Rio, Puente Alto: Ricardo Gomez, Karla Silva
Neculman, Paula Vargas, Andrés Pons, Juan Pedro
Kusanovic; Hospital Clinico San Borja Arriardn,
Santiago: Patricia Parra Veloso, Lilian Saez Aguilera,
Monica Troncoso Schifferli, Patricia Urrutia Gonzalez,
Jorge Figueroa Poblete, Pedro Ferrand, Andrés
Barrios Reyes; Universidad Catolica, Santiago: Rosario
Moore, Cristian Belmar; Colombia (64): CEMIYA, Cali:
Edgar Ivan Ortiz, Javier Torres Munoz, Adriana

Original Investigation Research

Rodriguez Sanchez, Carlos Alberto Jimenez, Diana
Palencia Atencia; Denmark (41): Aarhus University
Hospital, Aarhus: Lone Hvidman, Anne Mouritzen,
Jennifer Vikre-Jargensen; Germany (66):
CUB-Benjamin Franklin, Berlin: Andreas
Nonnenmacher, Hartmut Hopp; Helios Klinikum,
Erfurt: Udo B. Hoyme, Hans-Joerg Bittrich, Britta
Oletzky; MHH Hannover, Hannover: Frank Dressler,
Bettina Hollwitz; Klinikum Nurnberg Sud, Nurnberg:
Jana Korausova, Michael Krause; Dr Horst-Schmidt-
Kliniken, Wiesbaden: Margret Petermoeller, Karin
Mueller; Hungary (68): University of Debrecen,
Debrecen: Tamas Major, Tiinde Bartha, Zoard
Krasznai; Israel (251): HaEmek Medical Center, Afula:
Zohar Nachum, Rita Faranesh; Soroka Medical Center,
Beer Sheva: Aharon Galil, Mordechai Hallak, Horev
Adiva; Ma'ayney HaYeshua Medical Center, Bnei Brak:
Linda Harel, Benny Chayen; Bnai Zion Medical Center,
Haifa: Leslie Wolff, Ichel Samberg, Ron Gonen; Edith
Wolfson Medical Center, Holon: David Kohelet, Rina
Shochot, Eliana Arbel, Oscar Sadan; Meir Medical
Center, Kfar-Saba: Rivka Regev, Janice Zausmer,
Hagai Kaneti, Doron Rosen, Tzachi Netter; Rabin
Medical Center, Petach Tikva: Gil Klinger, Na'ama
Tirosh, Norah Naor, Maor Maman; Jordan (18): Islamic
Hospital, Amman: Mazen El-Zibdeh, Lama Al-Faris;
Poland (229): Medical University of Gdansk, Gdansk:
Krzysztof Preis, Iwona Domzalska-Popadiuk, Adam
Thrun, Paulina Kobiela, Malgorzata
Swiatkowska-Freund, Joanna Preis-Ortikowska,
Iwona Janczewska; Polish Mothers Memorial Hospital,
Lodz: Marcin Kesiak, Michael Krekora, Katarzyna
Zych, Jan Wilczynski, Ewa Gulczynska, Grzegorz
Krasomski; University School of Medical Sciences,
Poznan: Grzegorz Breborowicz, Marta
Szymankiewicz, Joanna Rozycka, Agnieszka
Montgomery, Mariola Ropacka, Mateusz Madejczyk;
Russia (22): Research Institute, lvanovo: Tatyana
Samsonova, Anna Malyshkina, Nadezhda Borzova,
Tatyana Chasha; Research Centre of Obs, Gyn &
Perinatology, Moscow: Zulfiya Khodzhaeva, Ekaterina
Vikhlyaeva; Spain (20): Hospital Clinic-University of
Barcelona, Barcelona: Maribel Grande, Francesc
Botet, Montse Palacio; Switzerland (27): University
Women's Hospital, Basel: Peter Weber, Bettina
Tillmann, Irene Hosli; CHU Vaudois, Lausanne:
Margarita Forcada-Guex, Patrick Hohlfeld, Edmond
Prince-dit-Clottu, Fadhil Belhia; the Netherlands (9):
Atrium Medical Center, Heerlen: Frans J. M. E.
Roumen; Academisch Ziekenhuis Maastricht,
Maastricht: Antonio W. D. Gavilanes, Frans Smits;
United Kingdom (2): Diana, Princess of Wales
Hospital, Grimsby: Ibrahim Bolaji.

Correction: This article was corrected online
December 9, 2013, to delete a clinical trial
registration number.

REFERENCES

1. Blencowe H, Cousens S, Oestergaard MZ, et al.
National, regional, and worldwide estimates of
preterm birth rates in the year 2010 with time
trends since 1990 for selected countries: a
systematic analysis and implications. Lancet.
2012;379(9832):2162-2172.

2. Schmidt B, Asztalos EV, Roberts RS, Robertson
CM, Sauve RS, Whitfield MF; Trial of Indomethacin
Prophylaxis in Preterms (TIPP) Investigators.
Impact of bronchopulmonary dysplasia, brain
injury, and severe retinopathy on the outcome of
extremely low-birth-weight infants at 18 months:
results from the trial of indomethacin prophylaxis in
preterms. JAMA. 2003;289(9):1124-1129.

JAMA Pediatrics December 2013 Volume 167, Number 12

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwor k.com/ by a Hospital Italiano de Buenos Aires User on 12/27/2013

109


UsuarioHI
Resaltado


mo

Research Original Investigation

3. Effect of corticosteroids for fetal maturation on
perinatal outcomes. NIH Consens Statement.
1994;12(2):1-24.

4. Crane J, Armson A, Brunner M, et al; Executive
Committee of the Society of Obstetricians and
Gynaecologists of Canada. Antenatal corticosteroid

therapy for fetal maturation. J Obstet Gynaecol Can.

2003;25(1):45-52.

5. McLaughlin KJ, Crowther CA, Walker N, Harding
JE. Effects of a single course of corticosteroids given
more than 7 days before birth: a systematic review.
Aust N Z J Obstet Gynaecol. 2003;43(2):101-106.

6. Murphy KE, Hannah ME, Willan AR, et al; MACS
Collaborative Group. Multiple Courses of Antenatal
Corticosteroids for Preterm Birth (MACS): a
randomised controlled trial. Lancet.
2008;372(9656):2143-2151.

7. Murphy KE, Willan AR, Hannah ME, et al;
Multiple Courses of Antenatal Corticosteroids for
Preterm Birth Study Collaborative Group. Effect of
antenatal corticosteroids on fetal growth and
gestational age at birth. Obstet Gynecol.
2012;,119(5):917-923.

8. Asztalos EV, Murphy KE, Hannah ME, et al;
Multiple Courses of Antenatal Corticosteroids for
Preterm Birth Study Collaborative Group. Multiple
Courses of Antenatal Corticosteroids for Preterm
Birth Study: 2-year outcomes. Pediatrics.
2010;126(5):€1045-e1055.

9. Crowther CA, Doyle LW, Haslam RR, Hiller JE,
Harding JE, Robinson JS; ACTORDS Study Group.
Outcomes at 2 years of age after repeat doses of
antenatal corticosteroids. N Engl J Med.
2007;357(12):1179-1189.

10. Wapner RJ, Sorokin Y, Mele L, et al; National
Institute of Child Health and Human Development
Maternal-Fetal Medicine Units Network. Long-term
outcomes after repeat doses of antenatal
corticosteroids. N Engl J Med. 2007;357(12):
1190-1198.

11. Peltoniemi OM, Kari MA, Lano A, et al; Repeat
Antenatal Betamethasone (RepeatBM) Follow-Up
Study Group. Two-year follow-up of a randomised
trial with repeated antenatal betamethasone. Arch

Dis Child Fetal Neonatal Ed. 2009;94(6):F402-F406.

12. Dunlop SA, Archer MA, Quinlivan JA, Beazley
LD, Newnham JP. Repeated prenatal corticosteroids
delay myelination in the ovine central nervous
system. J Matern Fetal Med. 1997;6(6):309-313.

13. Huang WL, Harper CG, Evans SF, Newnham JP,
Dunlop SA. Repeated prenatal corticosteroid

administration delays myelination of the corpus
callosum in fetal sheep. Int J Dev Neurosci.
2001;19(4):415-425.

14. Uno H, Lohmiller L, Thieme C, et al. Brain
damage induced by prenatal exposure to
dexamethasone in fetal rhesus macaques, I:
hippocampus. Brain Res Dev Brain Res.
1990;53(2):157-167.

15. Halliday HL, Ehrenkranz RA, Doyle LW. Early
(< 8 days) postnatal corticosteroids for preventing
chronic lung disease in preterm infants. Cochrane
Database Syst Rev. 2010;1(1):CDO01146.

16. Palisano R, Rosenbaum P, Walter S, Russell D,
Wood E, Galuppi B. Development and reliability of a
system to classify gross motor function in children
with cerebral palsy. Dev Med Child Neurol.
1997;39(4):214-223.

17. Gioia GA, Isquith PK, Guy PK, Kenworthy L.
Behavior Rating Inventory of Executive Function
(BRIEF). Odessa, FL: Psychological Assessment
Resources; 2000.

18. Achenbach TM. Manual for the Child Behavior
Checklist: 1/5-5 Years. Burlington: University of
Vermont; 2002.

19. Wechsler D. Wechsler Preschool and Primary
Scale of Intelligence: 3rd Edition (WPPSI-IIl). San
Antonio, TX: The Psychological Corporation; 2002.

20. Beery KE. The Developmental Test of
Visual-Motor Integration. 5th ed. Parsippany, NJ:
Modern Curriculum Press; 2004.

21. Dunn LM, Dunn DM. Peabody Picture
Vocabulary Test: 3rd Edition (PPVT-1II). Circle Pines,
MN: American Guidance Service; 1997.

22. Crowley P. WITHDRAWN: prophylactic
corticosteroids for preterm birth. Cochrane
Database Syst Rev. 2006;(3):CDO00065.

23. World Health Organization. Neonatal and
perinatal mortality: country, regional and global
estimates. http://www.who.int/maternal_child
_adolescent/documents/9241563206/en/.
Accessed March 1, 2007.

24. Crowther CA, McKinlay CJ, Middleton P,
Harding JE. Repeat doses of prenatal
corticosteroids for women at risk of preterm birth
for improving neonatal health outcomes. Cochrane
Database Syst Rev. 2011;6(6):CD003935.

25. McKinlay CJ, Crowther CA, Middleton P,
Harding JE. Repeat antenatal glucocorticoids for

JAMA Pediatrics December 2013 Volume 167, Number 12

Antenatal Corticosteroids for Preterm Birth

women at risk of preterm birth: a Cochrane
systematic review. Am J Obstet Gynecol.
2012;206(3):187-194.

26. French NP, Hagan R, Evans SF, Mullan A,
Newnham JP. Repeated antenatal corticosteroids:
effects on cerebral palsy and childhood behavior.
Am J Obstet Gynecol. 2004;190(3):588-595.

27. Beitins 1Z, Bayard F, Ances IG, Kowarski A,
Migeon CJ. The metabolic clearance rate, blood
production, interconversion and transplacental
passage of cortisol and cortisone in pregnancy near
term. Pediatr Res. 1973;7(5):509-519.

28. Lopez Bernal A, Craft IL. Corticosteroid
metabolism in vitro by human placenta, fetal
membranes and decidua in early and late gestation.
Placenta.1981;2(4):279-285.

29. Church MW, Wapner RJ, Mele LM, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Maternal Fetal Medicine
Units Network. Repeated courses of antenatal
corticosteroids: are there effects on the infant's
auditory brainstem responses? Neurotoxicol Teratol.
2010;32(6):605-610.

30. Amin SB, Guillet R. Auditory neural maturation
after exposure to multiple courses of antenatal
betamethasone in premature infants as evaluated
by auditory brainstem response. Pediatrics.
2007;119(3):502-508.

31. Barker DJ. The origins of the developmental
origins theory. J Intern Med. 2007;261(5):412-417.

32. Waterland RA, Michels KB. Epigenetic
epidemiology of the developmental origins
hypothesis. Annu Rev Nutr. 2007;27:363-388.

33. Crudo A, Petropoulos S, Moisiadis VG, et al.
Prenatal synthetic glucocorticoid treatment
changes DNA methylation states in male organ
systems: multigenerational effects. Endocrinology.
2012;153(7):3269-3283.

34. Kapoor A, Petropoulos S, Matthews SG. Fetal
programming of hypothalamic-pituitary-adrenal
(HPA) axis function and behavior by synthetic
glucocorticoids. Brain Res Rev. 2008;57(2):586-595.

35. Thomassin H, Flavin M, Espinds ML, Grange T.
Glucocorticoid-induced DNA demethylation and
gene memory during development. EMBO J.
2001;20(8):1974-1983.

36. Szyf M. Early life, the epigenome and human
health. Acta Paediatr. 2009;98(7):1082-1084.

jamapediatrics.com

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwor k.com/ by a Hospital Italiano de Buenos Aires User on 12/27/2013



