
Unresolved issues on the antenatal use of 
corticosteroids for fetal lung maturation 

Ioannis Tsakiridis1 , Themistoklis Dagklis1 , Cihat fien2

1Third Department of Obstetrics & Gynaecology, Aristotle University of Thessaloniki, Thessaloniki, Greece 
2Perinatal Medicine Foundation and Department of Obstetrics & Gynecology, Memorial Bahçelievler Hospital, Istanbul, Türkiye

İDİDİD

The use of antenatal corticosteroids (ACS) for fetal
lung maturation is celebrating this year the 50th
anniversary since the landmark study by Liggins and
Howie.[1] Since then, several studies on ACS have been
conducted; the most recent Cochrane review by
McGoldrick et al. concluded that there is robust evi-
dence that a single course of ACS reduces the risk of
perinatal death and respiratory distress syndrome
(RDS) and probably the risk of intraventricular hemor-
rhage (IVH).[2] Nevertheless, some aspects of ACS
remain unresolved, including (a) variations in the
steroids’ regimen, (b) effectiveness in certain groups, (c)
balance of risks and benefits in the periviable and late-
preterm periods, (d) long-term effects of ACS in the
offspring, (e) value of ACS in women on steroids for
other indications, (f) optimal timing of ACS adminis-
tration in elective cases, (g) impact of ACS administra-
tion in low- and high-income countries.

Variations in the Steroids’ Regimen
Current guidelines uniformly recommend the use of
either dexamethasone 6 mg in 4 doses every 12 hours or
betamethasone 12 mg in two doses, the second 24 hours
following the initial.[3] There is no clear advantage of one
regimen over the other;[4] the incidence of survival with-
out neurosensory disability at the age of 2 did not differ
between dexamethasone and betamethasone treatments
(aRR: 0.97; 95% CI: 0.83–1.13).[5] Furthermore, accord-
ing to BETADOSE trial, a single dose (12 mg) of
betamethasone may be as effective for the maturation of
fetal lungs as the administration of two doses (2×12 mg).[6]

Regarding repeated ACS, weekly doses of betamethasone
have been correlated with lower risk of RDS (RR: 0.82;
95% CI: 0.71–0.95) and there were no adverse effects on
neurocognitive function at early childhood (OR: 1.02;
95% CI: 0.81–1.29).[7,8] Moreover, according to the find-
ings of an individual patient meta-analysis, a reduction in
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Abstract

Antenatal corticosteroids (ACS) for fetal lung maturation is celebrating the 50th anniversary. The most recent Cochrane review concluded
that there is robust evidence that a single course of ACS reduces the risk of perinatal death and respiratory distress syndrome. Some aspects
of ACS remain unresolved, including variations in the steroids regimen, effectiveness in certain groups, long-term effects, optimal timing of
ACS administration in elective cases. it is well established that a single course of betamethasone or dexamethasone is beneficial in cases of
anticipated preterm birth and delivery eventually occurs between two and seven days from administration. The main focus for future
research should be on limiting the unnecessary exposure in low-risk pregnancies and investigating the effect in specific groups, periviable
and late preterm fetuses. 
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the use of respiratory support was found in infants
exposed to repeated ACS compared with infants not
exposed (RR: 0.91; 95% CI: 0.85–0.97), but on the other
hand lower birthweight z-score was identified in these
cases (mean difference: -0.12; 95% CI: -0.18 to -0.06).[9]

Therefore, more than two repeated courses of ACS
should be discouraged.[10]

Effectiveness in Certain Groups
More data are needed regarding the effect of ACS in (i)
multiple pregnancies, (ii) preterm premature rupture
of membranes, (iii) fetal growth restriction, (iv) obese
women and (v) diabetic women. 
• (i) Regarding twin pregnancies, the EPIPAGE-2

study showed that ACS administration reduced the
risk of IVH or periventricular leukomalacia (aOR:
0.2; 95% CI: 0.1–0.5).[11] However, a recent meta-
analysis could not demonstrate any effect of ACS
on the risk of IVH, RDS and perinatal death in
multiple pregnancies.[2]

• (ii) Although there were concerns regarding a pos-
sible increase in the rates of infection following
ACS administration in preterm premature rupture
of membranes, this was not confirmed in the latest
Cochrane review.[2]

• (iii) A reduction of about 3% in the rates of neonatal
mortality in the ACS group in pregnancies compli-
cated by fetal growth restriction has been found by a
meta-analysis (OR: 0.63; 95% CI: 0.46–0.86).[12]

However, no randomized trials have been conducted,
so far, on this topic.

• (iv) Limited published data exist on the titration of
ACS dose according to maternal body mass index.
Evidence on less than 60 women found that ACS
levels in the umbilical cord were similar between
obese and non-obese women (p>0.05).[13]

• (v) Regarding diabetes, pregnant women with this
condition are almost always excluded from the
studies, so, to date, no data exist on this topic.

Balance of Risks and Benefits in the Periviable
or Late Preterm Periods
According to data from two meta-analyses, ACS
administration before 24 weeks of gestation reduced
the risk of IVH and periventricular leukomalacia, as

well as mortality rate by about 50% compared to no
treatment or placebo.[14,15] Furthermore, neurodevelop-
mental impairment or death at the first two years of
age was lower in neonates receiving ACS in utero and
born at 23 weeks (83.4% vs. 90.5%), but not at those
born at 22 weeks.[16]

Regarding late preterm period, a large randomized
trial assessed the effect of ACS administration at
34+0–36+5 weeks and found a reduction in neonatal res-
piratory complications or death (RR: 0.80; 95% CI:
0.66–0.97), but higher risk of hypoglycemia in the ACS
group (RR: 1.60; 95% CI: 1.37–1.87).[17]

Long-Term Effects of ACS in the Offspring
In the original report by Liggins and Howie,[1] it was
already noted that less than half of the cases received
ACS 2–7 days before delivery and about one in three
delivered at least seven days later, in fact most of them
more than three weeks following ACS. According to
data from a Finnish population-based study, ACS treat-
ment increased mental and behavioral disorders in
infants by about 30% and this effect was more promi-
nent in term neonates exposed to ACS (HR: 1.47; 95%
CI: 1.36–1.69).[18] Moreover, according to a recent
cohort study, ACS-exposed infants had no difference in
attention deficit disorder (p=0.54) or developmental
delay (p=0.10).[19] The latest Cochrane review found that
ACS given prior to anticipated preterm delivery reduced
the risk of developmental delay by about 50%.[2]

Value of ACS in Women Already on Steroids
for Other Indications
Women of reproductive age suffering from autoimmune
diseases may be prescribed corticosteroids for immuno-
suppression. These women usually continue their treat-
ment during pregnancy. To date, there is no evidence on
the effect of the long-term steroids’ use on fetal lung
maturation; these women usually receive ACS for
obstetrical indications in addition to their treatment.

Optimal timing of ACS Administration in 
Elective Cases 
According to data from the largest multicenter random-
ized trial, there was no significant benefit in women
receiving ACS before elective cesarean section at term



with regards to the outcomes of transient tachypnea of
the neonates (RR: 0.54; 95% CI: 0.26–1.12), RDS (RR:
0.21; 95% CI: 0.03–1.32).[20]

Impact of ACS Administration in Low- and
High- Income Countries
Access to medications may be restricted in low-income
countries. Since prematurity affects a high proportion of
women living in these countries, it is important to assess
the effect of ACS on perinatal outcomes. According to
data from a multi-country, randomized trial involving
pregnant women at risk of preterm delivery between
26+0 and 33+6 weeks of gestation in low-income coun-
tries, the administration of ACS was associated with
reduced risk of neonatal death (RR: 0.84; 95% CI: 0.72–
0.97), without increasing the risk of bacterial infection
(RR: 0.76; 95% CI: 0.56–1.03).[21]

To conclude, it is well established that a single
course of betamethasone or dexamethasone is benefi-
cial in cases of anticipated preterm birth and delivery
eventually occurs between two and seven days from
administration. The main focus for future research
should be on limiting the unnecessary exposure in low-
risk pregnancies and investigating the effect in specific
groups, periviable and late preterm fetuses.

Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-prof-
it sectors.

Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
the Personal Data Protection Law and the copyright regula-
tions applicable to intellectual and artistic works are com-
plied with and there is no conflict of interest.

References
1. Liggins GC, Howie RN. A controlled trial of antepartum

glucocorticoid treatment for prevention of the respiratory
distress syndrome in premature infants. Pediatrics 1972;50:
515–25. [PubMed]

2. McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal
corticosteroids for accelerating fetal lung maturation for
women at risk of preterm birth. Cochrane Database Syst Rev
2020;12:CD004454. [PubMed] [CrossRef]

3. Tsakiridis I, Mamopoulos A, Athanasiadis A, Dagklis T.
Antenatal corticosteroids and magnesium sulfate for
improved preterm neonatal outcomes: a review of guidelines.
Obstet Gynecol Surv 2020;75:298–307. [PubMed] [CrossRef]

4. Dagklis T, Tsakiridis I, Papazisis G, Athanasiadis A. Efficacy
and safety of corticosteroids’ administration for pulmonary

immaturity in anticipated preterm delivery. Curr Pharm Des
2021;27:3754–61. [PubMed] [CrossRef]

5. Crowther CA, Ashwood P, Andersen CC, Middleton PF, Tran
T, Doyle LW, et al.; ASTEROID Study Group. Maternal
intramuscular dexamethasone versus betamethasone before
preterm birth (ASTEROID): a multicentre, double-blind, ran-
domised controlled trial. Lancet Child Adolesc Health
2019;3:769–80. [PubMed] [CrossRef]

6. Schmitz T, Alberti C, Ursino M, Baud O, Aupiais C; BETA-
DOSE study group and the GROG (Groupe de Recherche
en Gynécologie Obstétrique). Full versus half dose of antena-
tal betamethasone to prevent severe neonatal respiratory dis-
tress syndrome associated with preterm birth: study protocol
for a randomised, multicenter, double blind, placebo-con-
trolled, non-inferiority trial (BETADOSE). BMC Pregnancy
Childbirth 2019;19:67. [PubMed] [CrossRef]

7. Crowther CA, Haslam RR, Hiller JE, Doyle LW, Robinson
JS; Australasian Collaborative Trial of Repeat Doses of
Steroids (ACTORDS) Study Group. Neonatal respiratory
distress syndrome after repeat exposure to antenatal corticos-
teroids: a randomised controlled trial. Lancet 2006;367:1913–
9. [PubMed] [CrossRef]

8. Asztalos EV, Murphy KE, Willan AR, Matthews SG,
Ohlsson A, Saigal S, et al.; MACS-5 Collaborative Group.
Multiple courses of antenatal corticosteroids for preterm
birth study: outcomes in children at 5 years of age (MACS-5).
JAMA Pediatr 2013;167:1102–10. [PubMed] [CrossRef]

9. Crowther CA, Middleton PF, Voysey M, Askie L, Zhang S,
Martlow TK, et al.; PRECISE Group. Effects of repeat pre-
natal corticosteroids given to women at risk of preterm birth:
an individual participant data meta-analysis. PLoS Med
2019;16:e1002771. [PubMed] [CrossRef]

10. Dagklis T, fien C, Tsakiridis I, Villalain C, Karel A, Wellmann
S, et al. The use of antenatal corticosteroids for fetal matura-
tion: clinical practice guideline by the WAPM-World
Association of Perinatal Medicine and the PMF-Perinatal
Medicine foundation. Perinat Med 2022;30:1–11. [CrossRef]

11. Palas D, Ehlinger V, Alberge C, Truffert P, Kayem G, Goffinet
F, et al. Efficacy of antenatal corticosteroids in preterm twins:
the EPIPAGE-2 cohort study. BJOG 2018;125:1164–70.
[PubMed] [CrossRef]

12. Blankenship SA, Brown KE, Simon LE, Stout MJ, Tuuli MG.
Antenatal corticosteroids in preterm small-for-gestational age
infants: a systematic review and meta-analysis. Am J Obstet
Gynecol MFM 2020;2:100215. [PubMed] [CrossRef]

13. Gyamfi C, Mele L, Wapner RJ, Spong CY, Peaceman A,
Sorokin Y, et al.; Eunice Kennedy Shriver National Institute of
Child Health and Human Development Maternal-Fetal
Medicine Units Network. The effect of plurality and obesity
on betamethasone concentrations in women at risk for preterm
delivery. Am J Obstet Gynecol 2010;203:219.e1–5. [PubMed]
[CrossRef]

14. Park CK, Isayama T, McDonald SD. Antenatal corticos-
teroid therapy before 24 weeks of gestation: a systematic
review and meta-analysis. Obstet Gynecol 2016;127:715–25.
[PubMed] [CrossRef]

Perinatal Journal

Tsakiridis I, Dagklis T, fien C

242

http://www.ncbi.nlm.nih.gov/pubmed/4561295
http://www.ncbi.nlm.nih.gov/pubmed/33368142
http://dx.doi.org/10.1002/14651858.CD004454.pub4
http://www.ncbi.nlm.nih.gov/pubmed/32469415
http://dx.doi.org/10.1097/OGX.0000000000000778
http://www.ncbi.nlm.nih.gov/pubmed/33423644
http://dx.doi.org/10.2174/1381612826666201207102910
http://www.ncbi.nlm.nih.gov/pubmed/31523039
http://dx.doi.org/10.1016/S2352-4642(19)30292-5
http://www.ncbi.nlm.nih.gov/pubmed/30755164
http://dx.doi.org/10.1186/s12884-019-2206-x
http://www.ncbi.nlm.nih.gov/pubmed/16765760
http://dx.doi.org/10.1016/S0140-6736(06)68846-6
http://www.ncbi.nlm.nih.gov/pubmed/24126948
http://dx.doi.org/10.1001/jamapediatrics.2013.2764
http://www.ncbi.nlm.nih.gov/pubmed/30978205
http://dx.doi.org/10.1371/journal.pmed.1002771
http://dx.doi.org/10.2399/prn.22.0301004
http://www.ncbi.nlm.nih.gov/pubmed/29119673
http://dx.doi.org/10.1111/1471-0528.15014
http://www.ncbi.nlm.nih.gov/pubmed/33345924
http://dx.doi.org/10.1016/j.ajogmf.2020.100215
http://www.ncbi.nlm.nih.gov/pubmed/20579955
http://dx.doi.org/10.1016/j.ajog.2010.04.047
http://www.ncbi.nlm.nih.gov/pubmed/26959200
http://dx.doi.org/10.1097/AOG.0000000000001355


15. Deshmukh M, Patole S. Antenatal corticosteroids for neonates
born before 25 weeks – A systematic review and meta-analysis.
PLoS One 2017;12:e0176090. [PubMed] [CrossRef]

16. Carlo WA, McDonald SA, Fanaroff AA, Vohr BR, Stoll BJ,
Ehrenkranz RA, et al.; Eunice Kennedy Shriver National
Institute of Child Health and Human Development Neonatal
Research Network. Association of antenatal corticosteroids with
mortality and neurodevelopmental outcomes among infants
born at 22 to 25 weeks’ gestation. JAMA 2011;306:2348–58.
[PubMed] [CrossRef]

17. Gyamfi-Bannerman C, Thom EA, Blackwell SC, Tita AT,
Reddy UM, Saade GR, et al.; NICHD Maternal–Fetal
Medicine Units Network. Antenatal betamethasone for women
at risk for late preterm delivery. N Engl J Med 2016;374:1311–
20. [PubMed] [CrossRef]

18. Raikkonen K, Gissler M, Kajantie E. Associations between
maternal antenatal corticosteroid treatment and mental and

behavioral disorders in children. JAMA 2020;323:1924–33.
[PubMed] [CrossRef]

19. Osteen SJ, Yang Z, McKinzie AH, Teal E, Tepper RS,
Rhoads E, et al. Long-term childhood outcomes for babies
born at term who were exposed to antenatal corticosteroids.
Am J Obstet Gynecol 2022 Jul 21;S0002-9378(22)00580-4.
[PubMed] [CrossRef]

20. Stutchfield P, Whitaker R, Russell I; Antenatal Steroids for
Term Elective Caesarean Section (ASTECS) Research
Team. Antenatal betamethasone and incidence of neonatal
respiratory distress after elective caesarean section: pragmat-
ic randomised trial. BMJ 2005;331:662. [PubMed] [CrossRef]

21. WHO ACTION Trials Collaborators; ladapo OT, Vogel
JP, Piaggio G, Nguyen MH, Althabe F, Gülmezoglu AM, et
al. Antenatal dexamethasone for early preterm birth in low-
resource countries. N Engl J Med 2020;383:2514–25.
[PubMed] [CrossRef]

Volume 30 | Issue 3 | December 2022

Unresolved issues on the antenatal use of corticosteroids for fetal lung maturation

243

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-ND4.0) License. To view a
copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA
94042, USA.

Publisher’s Note: The content of this publication does not necessarily reflect the views or policies of the publisher, nor does any mention of trade names, commercial products, or
organizations imply endorsement by the publisher. Scientific and legal responsibilities of published manuscript belong to their author(s). The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

http://www.ncbi.nlm.nih.gov/pubmed/28486556
http://dx.doi.org/10.1371/journal.pone.0176090
http://www.ncbi.nlm.nih.gov/pubmed/22147379
http://dx.doi.org/10.1001/jama.2011.1752
http://www.ncbi.nlm.nih.gov/pubmed/26842679
http://dx.doi.org/10.1056/NEJMoa1516783
http://www.ncbi.nlm.nih.gov/pubmed/32427304
http://dx.doi.org/10.1001/jama.2020.3937
http://www.ncbi.nlm.nih.gov/pubmed/35872037
http://dx.doi.org/10.1016/j.ajog.2022.07.026
http://www.ncbi.nlm.nih.gov/pubmed/16115831
http://dx.doi.org/10.1136/bmj.38547.416493.06
http://www.ncbi.nlm.nih.gov/pubmed/33095526
http://dx.doi.org/10.1056/NEJMoa2022398

