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Abstract
Aim and Objective To determine the efficacy of antenatal corticosteroids given in the late preterm period.
Methodology We conducted a retrospective case–control study on patients with singleton pregnancies who were at a risk 
of delivering in the late preterm period (34 weeks to 36 weeks 6 days). A total of 126 patients who had received antenatal 
corticosteroids (prenatal administration of either betamethasone or dexamethasone, minimum one dose) during the late 
preterm period were taken as cases, and 135 patients who had not received steroids antenatally due to various reasons, for 
example, who were clinically unstable, presented with active bleeding, non-reassuring foetal status that obligated an immi-
nent delivery and those  in active labour were included as controls. The various neonatal outcomes like APGAR score at one 
and five minutes, incidence of admission and duration of stay in neonatal intensive care unit (NICU), respiratory morbidity, 
requirement of assisted ventilation, intraventricular haemorrhage (IVH) necrotizing enterocolitis, transient tachypnea of the 
newborn, respiratory distress syndrome, use of surfactant, neonatal hypoglycaemia, hyperbilirubinemia requiring photo-
therapy, sepsis and neonatal mortality were compared between the two groups.
Results The baseline characteristics of both groups were comparable. There was a lower incidence of admissions to neonatal 
intensive care unit (NICU) (15% vs. 26%, p = 0.05), respiratory distress syndrome (5% vs. 13%, p = 0.04), requirement of 
invasive ventilation (0% vs. 4%, p = 0.04) and hyperbilirubinemia requiring phototherapy (24% vs. 39%, p = 0.02) in the 
babies of the group that received steroids compared to the control group. The rate of overall respiratory morbidity in the 
neonates was lowered after giving steroids (16% vs. 28%, p = 0.04). The incidence of neonatal necrotizing enterocolitis, 
hypoglycaemia, IVH, TTN, sepsis and mortality between the two groups was not significant (p > 0.05).
Conclusion Antenatal corticosteroids administered to patients between 34 and 36 weeks 6 days of gestation reduce respiratory 
morbidity, requirement of invasive ventilation, respiratory distress syndrome, hyperbilirubinemia requiring phototherapy 
and the incidence of NICU admissions in the newborns.
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Introduction

Late preterm birth includes those deliveries that occur 
between 34 and 36 weeks 6 days. This subgroup consti-
tute 75% of total preterm births (24–36 weeks, 6 days) [1] 
and 8% of deliveries [2]. The old school of thought was 
that late preterm infants were similar in physiological and 
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metabolical maturity to the term infants. There is a general 
consensus now that they have a higher risk of morbidity and 
mortality as compared to those born at term [2–5]. These 
infants have a higher incidence of neonatal intensive care 
unit (NICU) admissions, RDS, TTN, pneumonia and low 
Apgar scores [6–8]. There is a higher incidence of perive-
ntricular leukomalacia (PVL), cerebral palsy and a poorer 
school performance in late preterm births [9].

Antenatal corticosteroids are strongly recommended 
in preterm deliveries prior to 34 weeks as their beneficial 
effects have been well established [10, 11]. Few studies done 
in the recent past have found the beneficial effects of steroids 
in the late preterm infants, especially in reducing respiratory 
morbidity [12].

Late prematurity is often associated with respiratory 
morbidity which requires additional oxygen and ventilatory 
support [12–14]. Transient tachypnoea of the newborn, 
respiratory distress syndrome, pneumonia and pulmonary 
hypertension are the most common respiratory disorders.

Corticosteroids easily cross the placenta [15]. They cause 
alveolar epithelial cell flattening, thinning of the septae, 
enhance the differentiation of pneumocytes, thus accelerat-
ing the foetal lung maturation. They also stimulate the type 2 
pneumocytes and increase phospholipid synthesis, thus aug-
menting surfactant release [16]. They activate nitric oxide 
synthase in the endothelium [17], which increases the blood 
flow in the pulmonary blood vessels and thus improves the 
adaptation of the foetal lungs after birth. The epithelial 
sodium channels increase [18], and the fluid clears from the 
lumen of the alveoli to the interstitium; thus, ventilation-
perfusion mismatch is prevented [19].

In this study, we aim to elucidate the beneficial effects of 
antenatal corticosteroids in the late preterm period.

Methodology

We conducted a retrospective case–control study in a tertiary 
centre of South India conducted between January 2018 and 
June 2019. After obtaining clearance from the Institutional 
Ethics Committee, all the women with singleton pregnan-
cies who had late preterm delivery between 34 and 36 weeks 
6 days of gestation in our hospital in the past one and half 
years were enrolled in the study. Some of them received 
steroids, while some others did not due to various reasons. 
None of the patients who had late preterm delivery were 
given magnesium sulphate neuroprophylaxis as they were 
beyond 34 weeks of gestation. As per NICE guidelines, mag-
nesium sulphate is given for neuroprotection of the baby 
in women ≤ 33 weeks 6 days. These women who had late 
preterm delivery were divided into 2 groups: (1) 126 cases 
- those who had received antenatal corticosteroids (prenatal 
administration of either betamethasone or dexamethasone, 

minimum one dose) during the late preterm period and (b) 
135 controls - those who had not received steroids antena-
tally due to various reasons, for example, who were clini-
cally unstable, presented with active bleeding, non-reassur-
ing foetal status that obligated an imminent delivery and 
those in active labour. Patients with uncontrolled gestational 
or overt diabetes mellitus, preeclampsia, eclampsia, chori-
oamnionitis, chronic inflammatory diseases like systemic 
lupus erythematosus, rheumatoid arthritis, thromboembolic 
disorders, disseminated intravascular coagulation and moth-
ers with structural or chromosomal anomalies in the foetuses 
were excluded from the study. Twenty-six patients among 
the cases and 35 among the controls were excluded as they 
met the above exclusion criteria. Thus a  total of 100 cases 
and 100 controls were included in the study for analysis. 
The maternal characteristics like age, parity, use of assisted 
reproductive techniques, comorbidities, gestational age at 
delivery and the mode of delivery (vaginal, instrumental for-
ceps or vacuum assisted, caesarean section) were recorded. 
The neonatal outcomes such as birth weight, NICU admis-
sion, duration of NICU stay, APGAR scores at birth, respira-
tory morbidity like TTN, meconium aspiration syndrome, 
RDS, requirement of invasive or non-invasive respiratory 
support (continuous positive airway pressure (CPAP) or 
intubation) and surfactant, hyperbilirubinemia requiring 
phototherapy, hypoglycaemia, intraventricular haemorrhage 
(IVH), necrotizing enterocolitis (NEC), sepsis and neonatal 
death were recorded by reviewing the medical records.

In both the groups, the categorical variables were 
expressed as percentages (%) and Chi-square test was 
used for comparison, while the continuous variables were 
expressed as mean ± standard deviation (SD) and Student t 
test was used for the comparison. SPSS version 21 was used 
for the statistical analysis. A p value of < 0.05 was consid-
ered to be statistically significant.

Results

After applying the exclusion criteria, we had a total of 100 
cases and 100 controls. The basic demographic and clinical 
characteristics are shown in Table 1. Both the groups were 
matched in terms of age, parity, use of artificial reproductive 
technology, comorbidities, gestational age at delivery and 
mode of delivery (p > 0.05).

As seen in Table 2, there was no significant difference in 
the birth weight, APGAR scores and the incidence of NEC, 
sepsis and neonatal deaths in the two groups (p > 0.05). 
The number of NICU admissions (26% vs. 15%, p = 0.05) 
and duration of NICU stay > 3 days (13% vs. 5%, p = 0.04) 
was significantly higher among the infants who did not 
receive steroids as compared to the cases. There was a lower 
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incidence of hyperbilirubinemia requiring phototherapy in 
the neonates born to the group that received steroids as com-
pared to the controls, and it was statistically significant (24% 
vs. 39%, p = 0.02). Neonatal outcomes like TTN, hypogly-
caemia, sepsis and mortality were not statistically significant 

among the two groups. There were no cases of IVH and 
NEC in both the groups.

Table 3 shows the respiratory morbidities in both the 
groups. The rates of RDS were significantly lower among 
the cases as compared to the controls (5% vs. 13%, p = 0.04). 
Among these late preterm infants, none developed severe 

Table 1  Maternal and clinical 
characteristics in both the 
groups

SD Standard deviation, LSCS Lower segment caesarean section, ART  Assisted reproductive techniques
*Chi-square test, #Student t test

Maternal variables Received steroids (cases) 
(n = 100) %

Did not receive steroids 
(controls) (n = 100) %

“p’’ value 
(< 0.05–sig-
nificant)

Mean age ± SD (years) 27.8 ± 3.27 28 ± 3.77 0.689#

Primigravida 65 67 0.765*
ART 34 25 0.16*
Gestational diabetes 30 20 0.1*
Gestational hypertension 22 20 0.72*
Gestational age at delivery (weeks)
Mean ± SD 34.6 ± 3.68 34.3 ± 3.54 0.557#

34 − 34 + 6 45 47 0.77*
35 − 35 + 6 43 37 0.38*
36 − 26 + 6 12 16 0.41*
Total 100 100
Mode of delivery
Vaginal 32 36 0.55*
Instrumental 2 2 1*
LSCS 66 62 0.556*
Total 100 100

Table 2  Neonatal outcomes 
among the two groups

SD Standard deviation
*Chi-square test, #Student t test

Neonatal outcomes Received steroids (cases) 
(n = 100), %

Did not receive steroids (con-
trols) (n = 100) %

“p’’ 
value < 0.05–
significant

Birth weight (kg)
Mean ± SD 2.1 ± 0.33 2.1 ± 0.38 1#

2.5 or more 18 19 0.855*
1.5- < 2.5 80 78 0.72*
 < 1.5 2 3 0.65*
APGAR score < 9 at
1 min 4 10 0.09*
5 min 0 2 0.15*
NICU admissions 15 26 0.05*
NICU stay for > 3 days 5 13 0.04*
Hyperbilirubinemia requiring 

phototherapy
24 39 0.02*

IVH/NEC 0 0 –
Neonatal hypoglycaemia 18 13 0.32*
Sepsis 0 1 0.3*
Death 0 1 0.3*
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RDS. Only 2 babies in the control group required exoge-
nous surfactant. The rates of TTN and meconium aspiration 
syndrome (MAS) were similar (p > 0.05). The necessity for 
invasive ventilation was higher among the babies born to the 
controls (4% vs. 0%, p = 0.04), but the use of non-invasive 
ventilation was similar in both groups.

The stratified analysis of incidence of respiratory morbidi-
ties in neonates born at different gestational ages is shown 
in Table 4. The overall incidence of respiratory morbidity 
was significantly higher in the control group (16% vs. 28%, 
p = 0.04), with no significant difference in the incidence among 
infants born > 35 weeks in both groups, while in those born at 
34–34 weeks 6 days, there was a higher frequency of respira-
tory disorders in the control group (22% vs. 42%, p = 0.04). 

From this, we can deduce that the maximum beneficial effect 
of steroids is in the babies born < 35 weeks.

Discussion

Our retrospective case–control study showed that antenatal 
corticosteroids given prior to late preterm deliveries reduced 
respiratory morbidity, mainly the development of respiratory 
distress syndrome (RDS), the incidence of NICU admissions 
and the necessity of invasive ventilation in the neonates.

These findings were consistent with Gyamfi-Bannerman 
et al. who conducted a multicentric randomized control trial 
where there was a greater need for respiratory support within 
72 h of birth in the placebo group (14.4%) as compared to 
the steroid group (11.6%) (p = 0.02, relative risk = 0.8). The 
steroid group had lower rates of TTN, severe respiratory 
complications and bronchopulmonary dysplasia. Based on 
this study, Society of Maternal–Fetal Medicine (SMFM) rec-
ommended that antenatal corticosteroids between 34 and 
36 weeks 5 days should be administered only to women at 
the greatest risk of delivery like preterm labour with cervical 
changes (3 cm dilated or 75% effaced), preterm premature 
rupture of membranes or a planned late preterm delivery due 
to any obstetric indications like preeclampsia, intrauterine 
growth restriction, oligo- or anhydramnios. After the admin-
istration of steroids to the mother, the effect of endogenous 
corticosteroids in the foetus is accelerated which increases 
the surfactant production, thus preventing respiratory com-
plications [16, 19, 20].

Our findings were in contrast to the results of the ran-
domized clinical trial by Porto et al. in Brazil where they 
found similar rates of RDS (p = 0.54) and TTN (p = 0.77) 
in the placebo and steroid groups. The requirement of ven-
tilatory support was 20% in both groups. Thus, they con-
cluded that antenatal steroids between 34 and 36 weeks did 
not reduce respiratory disorders in newborns. They also 

Table 3  Respiratory morbidities 
in both groups

*Chi-square test, #Student t test

Respiratory morbidities Received steroids (cases) 
(n = 100), %

Did not receive steroids (con-
trols) (n = 100) %

“p’’ 
value < 0.05–
significant

TTN 12 14 0.67*
MAS 3 2 0.65*
RDS 5 13 0.04*
Mild 3 8 0.12*
Moderate 2 5 0.08*
Severe 0 0
Surfactant use 0 2 0.15*
Assisted ventilation
Non-invasive 6 12 0.14*
Invasive 0 4 0.04*

Table 4  Respiratory morbidities in neonates at different gestational 
ages

*Chi-square test, #Student t test

Variables Respiratory mor-
bidity n (%)

“p’’ 
value < 0.05–
significant

All gestational ages
  Received steroids (n = 100) 16 (16) 0.04*
  Did not receive (n = 100) 28 (28)

34–34 + 6 weeks
  Received steroids (n = 45) 10 (22) 0.04*
  Did not receive (n = 47) 20 (42)

35–35 + 6 weeks
  Received steroids (n = 43) 6 (14) 0.54*
  Did not receive (n = 37) 7 (19)

36–36 + 6 weeks
  Received steroids (n = 12) 0 (0) 0.38*
  Did not receive (n = 16) 1 (6.2)
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deduced that babies in the steroids group required photo-
therapy less often for jaundice compared to the no-steroid 
ones (risk ratio = 0.63, 0.44–0.91). Our findings were also 
similar. This is probably due to acceleration of liver maturity 
by the corticosteroids [21].

A cohort study by Souter et al. in the Washington state 
highlighted the importance of vigilant selection of patients 
requiring steroid administration in the late preterm period. 
There was a higher prevalence of respiratory complications 
among newborns delivered at 34 and 35 weeks who were 
eligible for steroids as compared to the ineligible ones, while 
there was no difference among those delivered at 36 weeks. 
This finding was consistent with our study where we found 
a significantly higher rate of respiratory morbidities in the 
non-steroid group between 34 and 34 weeks 6 days than 
between 35 and 36 weeks 6 days.

The occurrence of neonatal hypoglycaemia was similar 
among both the groups in our study. This was comparable 
to the original trial of antenatal steroids where similar finds 
were noted [22]. However, some recent trials show that there 
is a higher occurrence of neonatal hypoglycaemia in the ster-
oid group [12].

The American College of Obstetricians and Gynaecolo-
gists (ACOG) recommends that betamethasone can be given 
in those women between 34 and 36 weeks 6 days of gestation 
who are at a risk of preterm birth within 7 days and have not 
received a prior antenatal corticosteroid course [23].

Our study thus elucidates the beneficial effects of corti-
costeroid administration in the late preterm period.

Limitations: The patients who had received an earlier 
course of antenatal corticosteroids were not excluded in our 
study as the data were not available. The number of doses 
of the corticosteroids was not considered. The retrospective 
nature and the small sample size were some of the limita-
tions of our study.

Conclusion

Antenatal corticosteroids administered to patients between 
34 and 36  weeks 6  days reduce respiratory morbidity, 
requirement of invasive ventilation, respiratory distress syn-
drome, hyperbilirubinemia requiring phototherapy and the 
incidence of NICU admissions in their newborns.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13224- 022- 01664-5.
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