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Abstract

Objective: To estimate the effect of antenatal corticosteroid (ACS) administration on neonatal 

mortality and morbidity in preterm small-for-gestational age (SGA) infants through a systematic 

review and meta-analysis.

Data sources: A predefined, systematic search was conducted through Ovid Medline, Embase, 

Scopus, Cochrane Database of Systematic Reviews (CDSR), Cochrane Central Register of 

Controlled Trials, World Health Organization International Clinical Trial Registry Portal, and 

ClinicalTrials.gov yielding 5,324 articles from 1970–2019.

Study eligibility criteria: Eligible studies compared neonatal morbidity and/or mortality among 

SGA infants delivered preterm who received ACS to those who did not.
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Study appraisal and synthesis methods: The primary outcome was neonatal mortality. 

Secondary outcomes were respiratory distress syndrome (RDS), necrotizing enterocolitis (NEC), 

intraventricular hemorrhage and/or periventricular leukomalacia (IVH and/or PVL), 

bronchopulmonary dysplasia or chronic lung disease of prematurity (BPD or CLD), or neonatal 

sepsis. We assessed heterogeneity via Higgins I2 and Cochrane’s Q test, and calculated pooled 

odds ratios (OR) with 95% confidence intervals (CI) using random effects models.

Results: Sixteen observational cohort and case-control studies published from 1995–2018 met 

selection criteria for the systematic review and included 8,989 preterm SGA infants. ACS 

administration was explicitly reported among 8,376 SGA infants; 4,631 (55.3%) received ACS and 

3,741 (44.7%) did not. Thirteen studies including 6,387 preterm SGA infants were then included 

in the meta-analysis. Neonatal mortality was significantly lower among infants who received ACS 

compared to those who did not (12 studies: 12.8% vs. 15.1%, pooled odds ratio [OR] 0.63 [95% 

CI 0.46–0.86]), with significant heterogeneity between studies (I2=55.1%, p=0.011). There was no 

significant difference in RDS (12 studies: OR 0.89 [95% CI 0.69–1.15]), NEC (7 studies: OR 0.93 

[95% CI 0.70–1.22]), IVH and/or PVL (10 studies: OR 0.82 [95% CI 0.56–1.20]), BPD or CLD (8 

studies: OR 1.11 [95% CI 0.88–1.41]), or neonatal sepsis (6 studies: OR 1.13 [95% CI 0.86–

1.49]).

Conclusions: These data show that ACS reduces neonatal mortality in SGA infants delivered 

preterm, with no apparent effect on neonatal morbidity. This supports the use of ACS to reduce 

neonatal mortality in pregnancies with SGA infants at risk for preterm birth.

Condensation

Antenatal corticosteroids reduce neonatal mortality in SGA infants delivered preterm, with no 

apparent effect on neonatal morbidity.
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Introduction

Small-for-gestational age (SGA) is commonly defined as birthweight less than the tenth 

percentile. SGA infants can be either constitutionally small or pathologically growth-

restricted antenatally.1–2 Clinically, it can be difficult to differentiate the etiology of FGR 

(fetal growth restriction). Approximately 3 to 7% of newborns are affected by pathologic 

FGR, a major risk factor for preterm birth, and the incidence of FGR increases with 

increasing prematurity.3–5 FGR in a preterm neonate specifically carries an increased risk of 

perinatal morbidity and mortality.5,6

Administration of antenatal corticosteroids (ACS) has become the standard of care in the 

setting of anticipated preterm delivery in order to prevent neonatal morbidity and mortality. 

ACS has been shown to reduce neonatal mortality by 31% in appropriate-for-gestational age 

(AGA) infants, with efficacy demonstrated specifically in reducing rates of respiratory 

distress syndrome, intraventricular hemorrhage and necrotizing enterocolitis, among other 
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neonatal outcomes.7–9 However, large-scale prospective studies evaluating the effect of ACS 

on preterm birth outcomes have not made small-for-gestational age (SGA) infants a primary 

population of focus, with data for this population limited to mostly retrospective studies. 

Furthermore, clinical management related to ACS administration in pregnancies with SGA 

infants has wide variation largely guided by expert opinion without an evidence-based 

consensus.

Due to pathologic intrauterine stress, SGA infants may be exposed to higher levels of 

endogenous corticosteroids at baseline as a result of multiple mechanisms. These 

mechanisms include increased fetal adrenal cortisol production, compromised ability to 

remove corticosteroids through the blood brain barrier or placenta, and reduced ability to 

block the passage of maternal cortisol across the placenta.10–18 As SGA infants are already 

exposed to higher levels of endogenous steroids, the additional administration of exogenous 

ACS prior to impending preterm delivery may not offer additional benefit. In fact, exposure 

to single or repeated courses of corticosteroids in utero has been associated with reduced 

fetal growth; impaired cardiovascular and brain development; and impaired gas exchange 

and physiologic adaptive mechanisms in the growth-restricted neonate.10–18 Administration 

of exogenous ACS may ultimately alter the ability of an SGA infant to compensate for 

intrauterine stress caused by placental insufficiency.18 As a result, some researchers have 

postulated that administration of exogenous steroids may even be detrimental to SGA 

infants2.

Objective

Given limited and conflicting evidence guiding the use of ACS in SGA infants, the present 

study aims to summarize the totality of evidence on ACS administration in SGA infants at 

risk for preterm delivery. We performed a systematic literature review and meta-analysis to 

estimate the effect of ACS on neonatal mortality and morbidity in preterm SGA infants. We 

hypothesized that administration of ACS in preterm SGA infants would have limited benefit 

given adaptive physiologic mechanisms in SGA infants.

Methods

We used a predesigned methodology according to guidelines for Preferred Reporting Items 

for Systematic reviews and Meta-Analyses (PRISMA) and Meta-analyses of Observational 

Studies in Epidemiology (MOOSE).19,20 The study protocol was registered with 

PROSPERO (#156264).

Information Sources and Search Strategy

A medical librarian searched published literature for records discussing ACS (i.e. 

betamethasone, dexamethasone, alternate drug names and suggested synonyms for 

dexamethasone and betamethasone), and preterm SGA infants. The librarian created search 

strategies using a combination of keywords and controlled vocabulary in Ovid Medline 

(1946- present), Embase.com (1947-present), Scopus (1823-present), Cochrane Database of 

Systematic Reviews (CDSR), Cochrane Central Register of Controlled Trials (CENTRAL), 

World Health Organization International Clinical Trial Registry Portal (WHO ICTRP), and 
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Clinicaltrials.gov (1997-present). Animals were excluded using the OVID human filter 

recommended in Cochrane Handbook for Systematic Reviews of Interventions.21 The filter 

was translated to exclude animals in Embase and Scopus. All search strategies were 

completed initially in June 2019, and a total of 10,139 results were exported to EndNote. 

5,204 records were deleted after using the deduplication processes described by Bramer et 

al.22 A total of 4,935 unique records remained in the project library. In addition to these, 35 

records were identified in ClinicalTrials.gov, and 24 in World Health Organization 

International Clinical Trials Registry Portal (WHO ICTRP). A manual search of 

bibliographies of relevant articles was also performed.

The search was updated in all databases again in May 2020. A total of 10,151 search results 

were exported from the databases without any date limits and were added to the project 

Endnote project library (15086). A total of 9,824 duplicates were removed and deleted 

revealing 330 new citations. Due to the search and site no longer being available, the World 

Health Organization International Clinical Trials Registry Portal (WHO ICTRP) was not 

searched in May 2020. All references were exported to an excel workbook for review. Fully 

reproducible search strategies for each database can be found in the appendix.

Eligibility Criteria and Study Selection

Two investigators (SAB and KEB) independently screened abstracts and articles pertaining 

to ACS administration that reported on neonatal mortality and/or other perinatal outcomes 

that contribute to overall neonatal morbidity or mortality in SGA infants, and extracted data 

from each study. Study corresponding authors were contacted via email in attempt to obtain 

missing data for outcomes of interest. Discrepancies in coding required agreement between 

authors (SAB, KEB and MT) to be considered resolved.

Studies were included if they reported on SGA infants delivered preterm that received ACS, 

either betamethasone or dexamethasone, prior to delivery. Included studies reported on 

neonatal mortality and/or any of the following adverse perinatal outcomes: respiratory 

distress syndrome (RDS), bronchopulmonary dysplasia (BPD) or chronic lung disease of 

prematurity (CLD), necrotizing enterocolitis (NEC), intraventricular hemorrhage (IVH) 

and/or periventricular leukomalacia (PVL), or neonatal sepsis after delivery.

Studies were excluded if they were a review article; included non-human, animal fetuses; did 

not report on outcomes distinctly for SGA infants according to ACS administration; 

analyzed combined effect of surfactant and steroids on perinatal outcomes or compared 

steroids to an alternative intervention; reported on the effect of repeated or “rescue” doses of 

steroids; included duplicate data previously reported in another publication by the same 

author; or included multiple gestations. Additionally, studies were excluded from the meta-

analysis if they did not report raw data for the included aforementioned neonatal outcomes.

Data Extraction

The primary outcome was neonatal mortality. Secondary outcomes of interest were RDS, 

BPD or CLD, IVH and/or PVL, NEC and neonatal sepsis, as defined in Supplementary 

Table 1. Long term childhood neurodevelopmental outcomes were also extracted when 

available.
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For each study, when data were available, we extracted mean maternal age, maternal parity, 

mean gestational age at delivery, mean birth weight, number of infants delivered via 

Cesarean section, infant sex, number of infants who received surfactant, number of infants 

affected by chorioamnionitis, and use of surfactant or mechanical ventilation postnatally. 

Maternal risk factors and co-morbidities were also extracted, including gestational or 

pregestational diabetes mellitus and maternal hypertensive disorders (chronic hypertension, 

pregnancy-induced hypertension, pre-eclampsia, eclampsia or HELLP syndrome). Each of 

the aforementioned variables was stratified by the number of SGA infants who did or did not 

receive ACS.

Data Synthesis

Meta-analysis was performed using the metan add-on program in Stata (Stata 2015 Release 

12, StataCorp, Texas, USA). Two-by-two contingency tables were created to compare the 

presence or absence of neonatal mortality or adverse neonatal outcome stratified by ACS 

administration. Although the majority of studies were cohort studies, we calculated pooled 

odds ratios (OR) as one case control study was included. Random effects models were used 

to account for clinical heterogeneity between studies even when statistical heterogeneity was 

not evident. To further account for heterogeneity related to varied time periods among 

included studies, we also performed a subgroup analysis for neonatal mortality among 

studies that evaluated patients up to the year 2010 analyzed separately from those that 

evaluated patients beyond the year 2010. Forest plots were created to visually assess both 

effect size and identify outliers.

We estimated heterogeneity across studies and tested its significance using the Higgins I2 

statistic and Cochrane’s Q test. I2 of 50% was considered evidence of significant 

heterogeneity. Publication bias was evaluated visually using funnel plots and asymmetry was 

tested statistically using Egger’s test.

Assessment of Risk of Bias

Quality assessment to determine risk of bias of included studies was also performed using 

the Downs and Black assessment tool.23 The checklist is composed of 27 questions, with a 

total possible score of 28 for randomized and 25 for non-randomized studies. Downs and 

Black score ranges are given corresponding quality levels: excellent (26–28); good (20–25); 

fair (15–19); and poor (≤14). Only randomized studies can achieve a quality level of 

excellent according to the scoring methodology of the Downs and Black checklist. As all 

studies were observational and not randomized, the maximum quality level of included 

studies is “good.”

Results

Study Selection

The search yielded 5,324 articles published from 1970–2019. Sixteen observational cohort 

and case-control studies published from 1995–2018 met inclusion and exclusion criteria and 

were selected for the systematic review. 24–39 In aggregate, the 16 studies included in the 

systematic review included 8,989 preterm SGA infants.
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Study Characteristics

All studies were observational, with fourteen retrospective cohort studies, one prospective 

cohort study, and one case-control study included (Table 1). ACS administration was 

explicitly reported among 8,376 SGA infants; 4,631 (55.3%) received ACS and 3,741 

(44.7%) did not. Nine studies reported on type of ACS administered, with betamethasone the 

most commonly used in 8 studies; two studies included infants who received either 

betamethasone or dexamethasone. Ten studies specified birth weight less than the tenth 

percentile in their definition for SGA. Additional maternal and neonatal characteristics in the 

included studies are detailed in Tables 2 and 3, respectively.

Table 4 contains weighted-averages for the primary and all secondary outcomes among SGA 

infants stratified by ACS administration. Fourteen studies reported on overall neonatal 

mortality, 14 studies reported on RDS, 8 studies reported on BPD or CLD, 7 studies reported 

on NEC and 6 studies reported on neonatal sepsis. Among 11 studies that reported on IVH 

and/or PVL, seven studies reported on IVH alone; 4 studies included grade 3 or 4 IVH 

and/or PVL as a combined outcome.26,32,37,38

Long-term neurodevelopmental outcomes were reported among three studies30,31,35 Two 

studies reported on severe global delay up to three years of age as determined by a 

development quotient (DQ) less than 70, or more than two standard deviations below the 

mean DQ of 100, as defined by the Kyoto Scale of Psychological Development test or the 

Griffiths test for mental developmental scales40,41 Among infants with long term follow up 

data, 16.8% (54/321) of infants that received ACS had severe global delay, while 13.5% 

(71/525) infants that did not receive ACS had severe global delay. Schaap et al. reported 

abnormal behavior in long-term follow-up at school age of surviving infants, with 43% 

(21/62) of children who received ACS and 45% (19/45) of children who did not receive ACS 

exhibiting abnormal behavior.34 However, this study did not report how it classified 

abnormal behavior.

Meta-analysis and Synthesis of Results

Three studies did not provide raw data for neonatal outcomes according to ACS 

administration and thus were unable to be included in the meta-analysis. Among these three 

studies, Griffin et al. reported odds ratios for neonatal mortality; Bernstein et al. reported 

odds ratios for RDS; and Ley et al. reported odds ratios for neonatal mortality, RDS and IVH 

and/or PVL (Table 4).29,36,38 The remaining thirteen studies reported raw data for neonatal 

outcomes among 6,387 preterm SGA infants and were quantitatively synthesized in the 

meta-analysis.24–28,30–35,37,39

ACS administration was associated with a significant reduction in neonatal mortality (12 

studies: 12.8% vs. 15.1%, OR 0.63 [95% confidence interval (CI) 0.46–0.86]). There was 

significant heterogeneity between studies (I2 =55.1% [p=0.011]) (Figure 2). There was no 

evidence of publication bias (Figure 3, Egger’s p=0.87). In the subgroup analysis by study 

year, no significant difference in mortality was detected among studies that followed patients 

up to 2010 (OR 0.93 [95% CI 0.71, 1.21], I2=0.0% [p=0.452], 7 studies), but a significant 

reduction in mortality was found among infants who received ACS among studies that 
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followed patients after 2010 (OR 0.48 [95% CI 0.38, 0.60], I2=5.0% [p=0.378]; 5 studies, 

Figure 4).

Among the secondary outcomes, there was no significant difference in RDS (12 studies: OR 

0.89 [95% CI 0.69–1.15], I=66.7% [p=0.001], Supplementary Figure 1), NEC (7 studies: 

OR 0.93 [95% CI 0.70–1.22], I2=0.0% [p=0.447], Supplementary Figure 2), or IVH and/or 

PVL (10 studies: OR 0.82 [95% CI 0.56–1.20], I2=53.1% [p=0.024], Supplementary Figure 

3). Among the 3 studies that reported on individual values for IVH and PVL, only the values 

for IVH were included in the forest plot for IVH and/or PVL as IVH was more common in 

these studies.30–32 Significant heterogeneity was seen in studies reporting RDS and IVH 

and/or PVL, as reflected by the I2 statistic. There was no significant difference in risk of 

BPD or CLD (8 studies: OR 1.11 [95% CI 0.88–1.41], I2=40.2% [p=0.111], Supplementary 

Figure 4) and neonatal sepsis (6 studies: OR 1.13 [95% CI 0.86–1.49], I2=0.0% [p=0.583], 

Supplementary Figure 5).

Risk of Bias of Included Studies

In the quality assessment of included studies, the majority of studies were assessed to be 

“fair” quality, with two studies determined to be of “good” quality and two studies of “poor” 

quality (Table 5). Only two studies performed a power calculation and external validity was 

unable to be determined in most studies. While lack of randomization decreased the quality 

of all included studies, all studies achieved at least average (e.g. score of 3 or higher) 

internal validity in both the bias and confounding assessments by using appropriate 

statistical regression to adjust for potential confounders in the provided analyses.

Comment

Main Findings and Comparison with with Existing Literature

We found that ACS reduces neonatal mortality in SGA infants delivered preterm, with no 

apparent effect on individual neonatal morbidities. Our results are similar to those of a 2016 

systematic review and meta-analysis of 2,846 SGA infants in eight studies conducted up 

until 2010 that found that administration of ACS to growth-restricted preterm infants did not 

improve neonatal morbidity.42 However, in contrast to our findings, the 2016 meta-analysis 

was unable to detect a reduction in neonatal mortality with ACS. Our meta-analysis includes 

five studies with 2,982 SGA infants (46.7% of the study population included in the meta-

analysis) followed after 2010, 2,124 (71.2%) of whom received ACS. Our meta-analysis 

provides a more current and comprehensive update to prior available data and supports ACS 

administration to SGA infants to reduce neonatal mortality.

Of note, studies in our analysis that followed patients beyond 2010 include data 

predominately from the 2000s to 2010s, whereas studies that followed patients up to 2010 

included patient data also from the 1980s and 1990s. Multiple aspects of medical care and 

technology have evolved over the past few decades in an effort to reduce infant mortality 

with improved antenatal interventions, neonatal resuscitation, and other postnatal 

management among preterm infants. While our subgroup analysis seeks to account for these 

differences according to study period, it is plausible the reduction in mortality seen in 
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studies that followed patients beyond 2010 could be attributed to other advancements in 

medical care for SGA infants delivered preterm, not solely due to ACS administration.

Strengths and Limitations

Our study offers several strengths. We included a large representative sample of 8,989 

preterm SGA infants, most with birthweight less than the tenth percentile. We used a 

predefined protocol and comprehensive search strategy to limit selection bias. The SGA 

population as the specific target in our analysis represents a major strength of our study as 

SGA infants, albeit an important population of clinical interest, have been either excluded 

from prior large-scale trials evaluating ACS administration and neonatal outcomes or not 

specifically a population of focused analysis in these trials.

As with all meta-analyses, the limitations of the primary studies must be considered. Eleven 

of the thirteen included studies included in the meta-analysis were retrospective cohort 

studies, inherently limited in their study design compared to prospective or randomized 

controlled trials studies. Most studies did not distinguish etiology of SGA infants, whether 

constitutional versus pathologic, but the benefits and risks of ACS likely vary according to 

their physiology. As a result of variable definitions for SGA, we were unable to perform a 

subgroup analysis based on etiology of SGA or to evaluate for differences in the primary or 

secondary outcomes for more or less severely growth-restricted infants (for example, less 

than the fifth percentile versus less than the tenth percentile). Missing data for secondary 

outcomes, and variable ways in which data were reported or outcomes were defined, also 

limited data synthesis. Gestational age at delivery was highly variable and individual studies 

included neonates over a broad range of gestational ages, thus limiting our ability to perform 

subgroup analysis comparing outcomes among very early preterm (less than 28 or 32 weeks’ 

gestation, for example) versus preterm infants at more advanced gestational ages (32 to 34 

weeks’ gestation). Similarly, heterogeneity in type of steroid used, betamethasone versus 

dexamethasone, limited subgroup analysis to determine which may be preferential in SGA 

infants. Few studies reported on what percentage of infants, if any, received a rescue course 

of ACS, nor did they report on the average time interval from ACS administration to infant 

delivery, specifically how close the timing of ACS administration was within the optimal 

window of 48 hours to within seven days of delivery. However, five of the sixteen included 

studies did exclude infants with suboptimal or partial ACS administration less than 24 hours 

before birth or greater than 7 days before delivery.

Future studies should further evaluate the effect of ACS administration on SGA infants in 

the late preterm period from 34 to 37 weeks and in non-singleton pregnancies, as data on 

ACS use in late preterm and multiple gestations is limited. In fact, the majority of studies 

excluded multiple gestations. More expansive investigation is also needed to further identify 

the effect of ACS on long term neurodevelopmental childhood outcomes in SGA infants, 

outcomes among constitutionally versus pathologically growth-restricted infants who receive 

ACS, and the benefit or harm of repeated or rescue doses of steroids in SGA infants 

delivered preterm.
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Conclusions and Implications

Despite these limitations, our findings suggest ACS administration among preterm SGA 

infants could be beneficial in reducing neonatal mortality. Our study provides evidence-

based support for the continued clinical use of ACS as the standard of care for reduction of 

neonatal mortality among infants at risk of preterm birth in the next seven days, including 

the SGA population, in accordance with current guidance set for by the American College of 

Obstetricians and Gynecologists.43 Although a large randomized-controlled trial (RCT) 

would provide a higher level of evidence and reduce the effect of bias and heterogeneity on 

study outcomes, an RCT is likely not feasible to evaluate the effect of ACS administration in 

SGA infants due to both ethical reasons and patient preference for an intervention that is 

likely to be beneficial. Our meta-analysis of thirteen observational studies provides the 

highest level of evidence currently available demonstrating benefit of ACS administration 

for reducing neonatal mortality in SGA infants at risk of preterm delivery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance

Why was the study conducted?

Prior literature offers conflicting evidence guiding antenatal corticosteroid (ACS) 

administration in small-for-gestational age (SGA) infants given their increased 

endogenous steroid exposure due to pathologic intrauterine stress. The present study 

estimates the effect of ACS on neonatal mortality and morbidity in preterm SGA infants 

through a systematic literature review and meta-analysis.

What are the key findings?

ACS administration in preterm SGA infants significantly reduces neonatal mortality, with 

no apparent effect on neonatal morbidity.

What does the study add to what is already known?

The SGA population is one of clinical interest that has not been a population of focus in 

large-scale randomized trials evaluating ACS administration and neonatal outcomes. Our 

focused analysis on ACS administration in SGA infants provides the highest level of 

evidence currently available demonstrating benefit of ACS administration for reducing 

neonatal mortality in SGA infants delivered preterm.
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Figure 1. Flow Chart of the Literature Review
Flow chart demonstrates the literature search, including inclusion and exclusion of selected 

studies.
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Figure 2. Forest Plots for Neonatal Mortality
Forest plot demonstrates a significant reduction in neonatal mortality for SGA infants that 

received ACS.
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Figure 3. Funnel Plot for Publication Bias for Overall Mortality
Funnel plot demonstrates symmetry for studies that reported overall mortality, suggesting a 

lack of publication bias.
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Figure 4. Forest Plots for Neonatal Mortality by Study Year
Forest plot demonstrates a significant reduction in neonatal mortality for SGA infants that 

received ACS among studies that followed patients after 2010, but no significant difference 

in mortality among studies that followed patients up to 2010.
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