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ABSTRACT 

 

Background: Antenatal corticosteroids (ACS) reduce respiratory and other complications of prematurity, but the 

comparative benefit of a single versus a complete multiple-dose course in real-world, resource-limited settings is not 

well defined. Objectives were to compare the effect of single versus multiple doses of antenatal dexamethasone on 

neonatal mortality and morbidity among preterm neonates delivered between 24 and 34 weeks of gestation. 

Methods: This prospective observational study was conducted over 18 months in the neonatal intensive care unit 

(NICU), Department of Paediatrics, Government Medical College and Hospital, Cuddalore. Two hundred preterm 

neonates (24-34 weeks) were enrolled by convenience sampling and stratified into five groups by antenatal 

dexamethasone exposure: no dose, one, two, three, or four doses. Maternal and neonatal variables were recorded on a 

structured proforma. Categorical data were analysed with the chi-square test and continuous data with one-way 

ANOVA/Student’s t-test; multivariate logistic regression identified independent predictors of mortality. P<0.05 was 

considered significant. 

Results: Groups were comparable for maternal age, comorbidities, gestational age, sex and mode of delivery (all 

p>0.05). Mean birth weight rose from 1385±310 g (no dose) to 1722±238 g (four doses, p<0.001), and 1- and 5-

minute APGAR scores improved progressively (p<0.001). Respiratory distress syndrome (RDS) fell from 60.0% to 

13.5% (p<0.001), intraventricular haemorrhage (IVH) from 20.0% to 3.8% (p=0.042), necrotising enterocolitis (NEC) 

from 16.7% to 1.9% (p=0.038), and overall neonatal sepsis from 33.3% to 7.7% (p=0.019). Requirement for CPAP, 

mechanical ventilation and surfactant, NICU admission and length of NICU stay all declined significantly with 

increasing dose (p<0.05). Neonatal mortality fell from 20.0% to 3.8% (p=0.043). Hypoglycaemia was more frequent 

with increasing exposure (16.7% to 25.0%, p=0.042). On multivariate analysis, gestational age <30 weeks (OR 3.24), 

birth weight <1500 g (OR 2.89), incomplete steroid exposure ≤2 doses (OR 2.52), RDS (OR 2.31), neonatal sepsis 

(OR 3.76) and IVH (OR 2.14) independently predicted mortality. 

Conclusions: Completion of the recommended four-dose antenatal dexamethasone course was associated with a 

graded, significant reduction in neonatal mortality and major morbidity compared with partial or no exposure. 

Ensuring timely completion of the full ACS course in women at risk of preterm birth should be prioritised in clinical 

practice. 
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INTRODUCTION 

Preterm birth is the leading cause of neonatal death and 

the single largest contributor to under-5 mortality 

worldwide. Globally, an estimated 15 million babies are 

born preterm every year, representing more than 10% of 

all live births, and this proportion continues to rise in 

many low- and middle-income countries.1,2 South and 

South-East Asia, including India, together account for the 

largest absolute share of preterm births globally, and 

national data confirm that prematurity-related 

complications remain a dominant driver of neonatal 

mortality in India.3 

The risk of complications rises sharply as gestational age 

falls. Preterm neonates are vulnerable across virtually 

every organ system because of physiological immaturity, 

and this immaturity underlies the major morbidities of 

prematurity such as RDS, IVH, NEC and neonatal sepsis, 

that together account for the bulk of neonatal deaths and 

long-term disability among survivors.4,5 Beyond the 

immediate neonatal period, survivors of extreme 

prematurity carry a disproportionate long-term burden of 

chronic lung disease, cerebral palsy, and 

neurodevelopmental and sensory impairment, imposing a 

substantial cost on families and health systems.6 

At the level of individual organ systems, the 

pathophysiological basis of these morbidities is well 

characterised. Deficient surfactant production by 

immature type II pneumocytes leads to alveolar collapse 

and RDS; fragility of the periventricular germinal matrix 

vasculature predisposes to IVH; gut immaturity and 

impaired mesenteric perfusion predispose to NEC; and an 

immature innate and adaptive immune system leaves 

preterm neonates highly susceptible to early-and late-

onset sepsis.7-10 Interventions that accelerate maturation 

of these systems before birth therefore have the potential 

to meaningfully alter neonatal outcomes. 

ACS remain the single most effective antenatal 

intervention available for this purpose. Since the 

landmark randomised trial by Liggins and Howie in 1972 

first demonstrated that antepartum glucocorticoids 

reduced the incidence of RDS in preterm infants, a large 

body of subsequent trial and Cochrane-level evidence has 

confirmed that a single course of ACS given to women at 

risk of preterm birth between 24 and 34 weeks of 

gestation reduces neonatal mortality, RDS, IVH and NEC 

without major short-term maternal or fetal harm.11-13 On 

this basis, the World Health Organization, the American 

College of Obstetricians and Gynecologists and 

comparable bodies uniformly recommend a single course 

of ACS for women at imminent risk of preterm delivery 

in this gestational window.14 Two regimens are in 

common use-intramuscular betamethasone (two doses of 

12 mg, 24 hours apart) or intramuscular dexamethasone 

(four doses of 6 mg, 12 hours apart)-with broadly 

comparable efficacy for fetal lung maturation.15,16 

The clinical benefit of ACS is greatest when delivery 

occurs within seven days of treatment, and diminishes if 

birth is substantially delayed.17 In practice, however, the 

precise timing of preterm delivery is difficult to predict, 

and a considerable proportion of women who begin a 

corticosteroid course do not deliver within this optimal 

window. This uncertainty has generated sustained clinical 

interest in whether administering additional-or 

“rescue”/multiple-doses beyond the first course can 

extend or enhance protection.18 Large trials such as the 

multiple courses of antenatal corticosteroids for preterm 

birth (MACS) study and the antenatal late preterm 

steroids (ALPS) trial, together with individual participant 

data meta-analyses of repeat-dose regimens, have shown 

that additional corticosteroid exposure can further reduce 

respiratory morbidity, but the evidence is not uniform, 

and repeated or excessive exposure has been linked to 

concerns including fetal growth restriction, altered birth 

weight, hypothalamic-pituitary-adrenal axis suppression 

and possible long-term cardiometabolic and 

neurodevelopmental effects.19-23 Consequently, the ideal 

number of antenatal corticosteroid doses-and the relative 

benefit of a partial versus a completed course-continues 

to be debated, and “rescue” courses are recommended 

cautiously and only in selected circumstances by current 

guidelines.24 

This question carries particular weight in resource-

constrained settings such as district and tertiary 

government hospitals in India, where referral delays, 

uncertain estimation of gestational age and variability in 

obstetric practice frequently result in women receiving an 

incomplete rather than a deliberately “multiple-dose” 

course of antenatal dexamethasone. Whether neonatal 

outcomes differ meaningfully across the full spectrum-

from no exposure, through partial exposure, to a 

completed four-dose course-is therefore directly relevant 

to clinical decision-making and resource allocation in 

such settings, yet dedicated prospective data from this 

context are limited. 

We therefore undertook this prospective observational 

study to compare neonatal mortality and major 

morbidity-RDS, IVH, NEC, neonatal sepsis, and a range 

of secondary respiratory and metabolic outcomes-across 

preterm neonates stratified by the number of antenatal 

dexamethasone doses received (none, one, two, three or 

four), with the aim of generating context-specific 

evidence to guide the appropriate and timely 

administration of antenatal corticosteroids in women at 

risk of preterm birth. 

METHODS 

Study design and setting 

This was a prospective observational study conducted in 

the NICU, Department of Paediatrics, Government 

Medical College and Hospital, Cuddalore, Tamil Nadu, 

India. Antenatal corticosteroids were administered in the 
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Department of Obstetrics and Gynaecology of the same 

institution, and neonatal outcomes were subsequently 

followed and recorded in the NICU. 

Study duration and population 

The study was conducted over a period of 18 months, 

from (Augst 2024 to January 2026). The study population 

comprised preterm neonates born between 24 and 34 

weeks of gestation who were delivered at, or referred to, 

the study institution during the study period. 

Sample size and sampling method 

A total of 200 preterm neonates fulfilling the eligibility 

criteria were enrolled. The sample size was estimated 

from previously published literature at a 95% confidence 

level and 5% level of significance. Participants were 

recruited by a convenience sampling method. 

Inclusion criteria 

Preterm neonates born between 24 and 34 completed 

weeks of gestation, neonates delivered at or referred to 

the study institution; and neonates whose mothers had 

either received antenatal dexamethasone or had no 

antenatal corticosteroid exposure were included in the 

study. 

Exclusion criteria 

Neonates with major congenital anomalies, chromosomal 

abnormalities, or incomplete medical records, and 

neonates born to mothers who received corticosteroids 

for maternal medical indications unrelated to fetal lung 

maturation were excluded. 

Ethical considerations 

Study was approved by institutional ethics committee, 

and written informed consent was obtained from parents 

or guardians of all enrolled neonates prior to inclusion. 

Study groups 

Enrolled neonates were stratified into five groups 

according to documented antenatal dexamethasone 

exposure of the mother: Group I-no antenatal 

corticosteroid exposure; Group II-one dose (6 mg 

intramuscularly); Group III-two doses, 12 hours apart; 

Group IV-three doses; and Group V-four doses, 

completing the standard antenatal corticosteroid protocol. 

All neonates were followed prospectively from birth until 

discharge or death. 

Data collection 

Maternal and neonatal data were recorded on a structured 

proforma from maternal case records, labour-room 

records, NICU records and neonatal case sheets. Maternal 

variables included age, gestational age at delivery, 

premature labour, premature/prelabour rupture of 

membranes, gestational hypertension/pre-eclampsia, 

gestational diabetes, multiple gestation, anaemia, 

oligohydramnios, antepartum haemorrhage, mode of 

delivery, and the number of antenatal corticosteroid doses 

received. Neonatal variables included sex, birth weight, 

1-and 5-minute APGAR scores, small-for-gestational-age 

(SGA) status, NICU admission, requirement for 

CPAP/mechanical ventilation/surfactant, RDS, IVH, 

NEC, early-and late-onset sepsis, hypoglycaemia, 

hyperbilirubinaemia, duration of NICU stay, and neonatal 

mortality. 

Definitions and assessments 

Gestational age was assessed from the last menstrual 

period and confirmed by first-trimester ultrasonography, 

or by Ballard scoring where these were unavailable. Birth 

weight was recorded on a calibrated digital neonatal 

weighing scale. APGAR scores were assigned by the 

attending paediatrician at 1 and 5 minutes. RDS was 

diagnosed on clinical grounds (tachypnoea, chest 

retractions, grunting) supported by chest radiography. 

Neonatal sepsis was diagnosed using clinical features, 

sepsis screening parameters and blood culture where 

available.  

Hypoglycaemia was confirmed by glucometer and 

laboratory testing per standard neonatal criteria. IVH was 

assessed by cranial ultrasonography on day 3 and day 7 

of life (or earlier if clinically indicated).25 NEC was 

diagnosed using modified Bell’s staging criteria.26 

Hyperbilirubinaemia was assessed from serum bilirubin 

levels and clinical evaluation. 

Outcome measures 

Primary outcome measures were neonatal mortality, 

RDS, IVH, NEC and neonatal sepsis. Secondary outcome 

measures were birth weight, APGAR scores, NICU 

admission, requirement for CPAP/mechanical ventilation/ 

surfactant, hypoglycaemia, hyperbilirubinaemia, duration 

of NICU stay and SGA. 

Statistical analysis 

Data were entered in Microsoft excel and analysed using 

SPSS version 27.0. Categorical variables were 

summarised as frequencies and percentages and 

compared using the chi-square test. Continuous variables 

were expressed as mean±standard deviation and 

compared using one-way analysis of variance (ANOVA) 

or Student’s t test, as appropriate.  

Multivariate logistic regression was performed to identify 

independent predictors of neonatal mortality, with results 

expressed as adjusted odds ratios (OR) with 95% 

confidence intervals (CI). A two-tailed p<0.05 was 

considered statistically significant. 
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RESULTS 

A total of 200 preterm neonates born between 24 and 34 

weeks of gestation were included in the study. Of these, 

30 (15.0%) received no antenatal corticosteroid exposure, 

while 34 (17.0%), 40 (20.0%), 44 (22.0%), and 52 

(26.0%) received 1-4 doses of antenatal dexamethasone, 

respectively. 

Baseline maternal and neonatal characteristics 

Table 1 presents the baseline maternal and neonatal 

characteristics according to antenatal corticosteroid 

exposure. Maternal age distribution was comparable 

across all exposure groups, with the majority of mothers 

aged 20-25 years (35.0%) or 26-30 years (33.5%). The 

prevalence of maternal comorbidities, including 

pregnancy-induced hypertension/pre-eclampsia (19.0%), 

gestational diabetes mellitus (12.0%), PROM/PPROM 

(22.5%), and other comorbidities (10.5%), showed no 

significant differences between exposure groups. 

Similarly, gestational age at delivery, neonatal sex, and 

mode of delivery were evenly distributed across the five 

groups, indicating comparable baseline characteristics. 

Birth characteristics and neonatal outcomes 

A progressive improvement in neonatal birth 

characteristics was observed with increasing antenatal 

corticosteroid exposure (Table 2). Mean birth weight 

increased significantly from 1385±310 g in the no-dose 

group to 1722±238 g among neonates receiving four 

doses (p<0.001). Likewise, mean APGAR scores at both 

1 minute and 5 minutes increased steadily with greater 

corticosteroid exposure, rising from 5.7±1.4 and 6.5±1.3, 

respectively, in the no-dose group to 7.5±0.8 and 8.3±0.8 

in the four-dose group (both p<0.001). 

The requirement for intensive neonatal care decreased 

significantly as the number of corticosteroid doses 

increased. NICU admission declined from 100.0% in 

neonates without corticosteroid exposure to 80.8% 

among those receiving four doses (p=0.018). Similarly, 

the need for continuous positive airway pressure (CPAP), 

mechanical ventilation, and surfactant therapy showed 

significant reductions with increasing corticosteroid 

exposure (all p<0.01). In contrast, the proportion of 

small-for-gestational-age neonates remained similar 

across groups (p=0.312). 

Respiratory and infective morbidities also demonstrated a 

favourable trend with increasing corticosteroid exposure. 

The incidence of RDS decreased significantly from 

60.0% in the no-dose group to 13.5% in the four-dose 

group (p<0.001). Significant reductions were also 

observed for IVH (20.0% vs. 3.8%; p=0.042), NEC 

(16.7% vs. 1.9%; p=0.038), early-onset sepsis (23.3% vs. 

5.8%; p=0.047), and overall neonatal sepsis (33.3% vs. 

7.7%; p=0.019). Although late-onset sepsis decreased 

numerically across the exposure groups, the difference 

did not reach statistical significance (p=0.089). 

Among metabolic complications, the incidence of 

hypoglycaemia increased significantly with increasing 

corticosteroid exposure, from 16.7% in the no-dose group 

to 25.0% in the four-dose group (p=0.042). However, 

hyperbilirubinaemia occurred at similar rates across all 

groups (p=0.138). 

Duration of NICU stay decreased progressively with 

increasing antenatal corticosteroid exposure, falling from 

18.1±6.3 days in the no-dose group to 10.4±4.1 days 

among neonates receiving four doses (p<0.001). Neonatal 

mortality also declined significantly, from 20.0% in the 

no-dose group to 3.8% in the four-dose group (p=0.043), 

while the survival rate increased correspondingly from 

80.0% to 96.2%. 

Table 1: Baseline maternal and neonatal characteristics according to the antenatal corticosteroid                              

exposure, (n=200). 

Characteristics 
No dose,  

(n=30) (%) 

1 dose,  

(n=34) (%) 

2 doses,  

(n=40) (%) 

3 doses,  

(n=44) (%) 

4 doses,  

(n=52) (%) 

Total,  

(n=200) (%) 

Maternal age (in years) 

<20  2 (6.7) 3 (8.8) 3 (7.5) 4 (9.1) 4 (7.7) 16 (8.0) 

20-25 11 (36.7) 12 (35.3) 14 (35.0) 15 (34.1) 18 (34.6) 70 (35.0) 

26-30  10 (33.3) 11 (32.4) 14 (35.0) 15 (34.1) 17 (32.7) 67 (33.5) 

>30  7 (23.3) 8 (23.5) 9 (22.5) 10 (22.7) 13 (25.0) 47 (23.5)  

Maternal comorbidity 

PIH/ pre-eclampsia 6 (20.0) 6 (17.6) 8 (20.0) 8 (18.2) 10 (19.2) 38 (19.0) 

Gestational diabetes 

mellitus 
4 (13.3) 4 (11.8) 5 (12.5) 5 (11.4) 6 (11.5) 24 (12.0) 

PROM/ PPROM 7 (23.3) 8 (23.5) 9 (22.5) 10 (22.7) 11 (21.2) 45 (22.5) 

Other comorbidity 3 (10.0) 4 (11.8) 4 (10.0) 5 (11.4) 5 (9.6) 21 (10.5) 

No comorbidity 10 (33.3) 12 (35.3) 14 (35.0) 16 (36.4) 20 (38.5) 72 (36.0) 

Gestational age (in weeks) 

24-28 8 (26.7) 8 (23.5) 8 (20.0) 8 (18.2) 8 (15.4) 40 (20.0) 

28-30  8 (26.7) 9 (26.5) 10 (25.0) 11 (25.0) 12 (23.1) 50 (25.0) 

Continued. 
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Characteristics 
No dose,  

(n=30) (%) 

1 dose,  

(n=34) (%) 

2 doses,  

(n=40) (%) 

3 doses,  

(n=44) (%) 

4 doses,  

(n=52) (%) 

Total,  

(n=200) (%) 

30-32  7 (23.3) 8 (23.5) 10 (25.0) 11 (25.0) 15 (28.8) 51 (25.5) 

32-34  7 (23.3) 9 (26.5) 12 (30.0) 14 (31.8) 17 (32.7) 59 (29.5) 

Sex of the child 

Male 17 (56.7) 18 (52.9) 22 (55.0) 24 (54.5) 28 (53.8) 109 (54.5) 

Female 13 (43.3) 16 (47.1) 18 (45.0) 20 (45.5) 24 (46.2) 91 (45.5) 

Mode of delivery 

Vaginal delivery 13 (43.3) 15 (44.1) 17 (42.5) 18 (40.9) 20 (38.5) 83 (41.5) 

LSCS 17 (56.7) 19 (55.9) 23 (57.5) 26 (59.1) 32 (61.5) 117 (58.5) 
*PIH-pregnancy-induced hypertension; PROM/PPROM-(pre-labour) premature rupture of membranes; LSCS-lower-segment caesarean 

section. P values are for comparison across the five exposure groups within each characteristic block (Chi-square test). 

Table 2: Neonatal birth characteristics, care requirements, and respiratory, infective, metabolic and survival 

outcomes according to antenatal corticosteroid exposure, (n=200). 

Domains Outcomes 

No dose, 

(n=30) 

(%) 

1 dose, 

(n=34) 

(%) 

2 doses, 

(n=40) 

(%) 

3 doses, 

(n=44) 

(%) 

4 doses, 

(n=52) 

(%) 

P value 

Birth 

characteristics 

(mean±SD) 

Birth weight (g) 1385±310 1468±295 1558±272 1635±255 1722±238 <0.001 

APGAR score at 1 minute 5.7±1.4 6.2±1.3 6.7±1.1 7.1±1.0 7.5±0.8 <0.001 

APGAR score at 5 

minutes 
6.5±1.3 7.1±1.2 7.5±1.0 7.9±0.9 8.3±0.8 <0.001 

Neonatal care 

NICU admission 30 (100) 32 (94.1) 36 (90.0) 38 (86.4) 42 (80.8) 0.018 

CPAP required 15 (50.0) 13 (38.2) 10 (25.0) 7 (15.9) 5 (9.6) 0.003 

Mechanical ventilation 10 (33.3) 8 (23.5) 6 (15.0) 4 (9.1) 3 (5.8) 0.006 

Surfactant therapy 11 (36.7) 9 (26.5) 7 (17.5) 4 (9.1) 3 (5.8) 0.005 

Small for gestational age 

(in weeks) 
8 (26.7) 7 (20.6) 9 (22.5) 6 (13.6) 7 (13.5) 0.312 

Respiratory 

and infective 

morbidity 

RDS 18 (60.0) 16 (47.1) 13 (32.5) 10 (22.7) 7 (13.5) <0.001 

IVH 6 (20.0) 5 (14.7) 4 (10.0) 3 (6.8) 2 (3.8) 0.042 

NEC 5 (16.7) 4 (11.8) 3 (7.5) 2 (4.5) 1 (1.9) 0.038 

Early-onset sepsis 7 (23.3) 6 (17.6) 5 (12.5) 4 (9.1) 3 (5.8) 0.047 

Late-onset sepsis 3 (10.0) 2 (5.9) 2 (5.0) 1 (2.3) 1 (1.9) 0.089 

Overall neonatal sepsis 10 (33.3) 8 (23.5) 7 (17.5) 5 (11.4) 4 (7.7) 0.019 

Metabolic 

complications 

Hypoglycaemia 5 (16.7) 6 (17.6) 7 (17.5) 10 (22.7) 13 (25.0) 0.042 

Hyperbilirubinaemia 9 (30.0) 11 (32.4) 12 (30.0) 13 (29.5) 14 (26.9) 0.138 

Hospital outcome 
NICU stay (days), 

mean±SD 
18.1±6.3 15.8±5.7 13.7±5.2 11.9±4.7 10.4±4.1 <0.001 

Survival 

outcome 

Mortality 6 (20.0) 5 (14.7) 4 (10.0) 3 (6.8) 2 (3.8) 0.043 

Survival 24 (80.0) 29 (85.3) 36 (90.0) 41 (93.2) 50 (96.2) - 

Table 3: Multivariate logistic regression analysis of independent predictors of neonatal mortality. 

Variables Adjusted OR 95% CI P value 

Gestational age <30 weeks 3.24 1.41-7.48 0.006 

Birth weight <1500 gm 2.89 1.27-6.57 0.011 

Incomplete steroid exposure (≤2 doses) 2.52 1.17-5.42 0.018 

RDS 2.31 1.08-4.95 0.031 

Neonatal sepsis 3.76 1.39-10.18 0.009 

IVH 2.14 1.02-4.51 0.044 

 

Multivariate logistic regression analysis of neonatal 

mortality 

The multivariate logistic regression model identified 

several independent predictors of neonatal mortality 

(Table 3). Neonates delivered before 30 weeks of 

gestation had more than a threefold increased risk of 

mortality (adjusted OR=3.24, 95% CI: 1.41-7.48; 

p=0.006). Birth weight below 1500 g was also 

independently associated with mortality (adjusted 

OR=2.89, 95% CI: 1.27-6.57; p=0.011).  

Incomplete antenatal corticosteroid exposure (≤2 doses) 

increased odds of neonatal death by approximately 2.5-
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fold (adjusted OR=2.52, 95% CI: 1.17-5.42; p=0.018). 

Furthermore, RDS (adjusted OR=2.31, 95% CI: 1.08-

4.95; p=0.031), neonatal sepsis (adjusted OR=3.76, 95% 

CI: 1.39-10.18; p=0.009), and IVH (adjusted OR=2.14, 

95% CI: 1.02-4.51; p=0.044) remained significant 

independent predictors of neonatal mortality after 

adjustment for potential confounding variables. 

DISCUSSION 

Despite substantial progress in obstetric and neonatal 

care, preterm birth remains a leading cause of neonatal 

death, and antenatal corticosteroids remain among the 

most effective interventions for improving outcomes in 

this population by accelerating fetal lung maturation, 

surfactant synthesis and the maturation of other fetal 

organ systems.11,27 The relative benefit of a partial versus 

a completed corticosteroid course, however, is less 

clearly established, and this prospective observational 

study was designed to address that gap by comparing 

outcomes across preterm neonates stratified by the exact 

number of antenatal dexamethasone doses received. 

Distribution of corticosteroid exposure and baseline 

comparability 

Most neonates in our cohort belonged to the four-dose 

group, reflecting that the majority of mothers were able to 

complete the recommended course before delivery-a 

distribution consistent with that reported in the WHO 

Antenatal Corticosteroid Trial by Althabe et al and in 

other pragmatic, population-based implementation 

studies, where completion of the full course was likewise 

associated with more favourable neonatal outcomes.20 

Importantly, the five exposure groups in our study were 

well balanced for maternal age, comorbidities, gestational 

age, neonatal sex and mode of delivery, minimising 

confounding and strengthening the validity of the 

outcome comparisons; pregnancy-induced 

hypertension/pre-eclampsia and PROM/PPROM were the 

leading maternal risk factors identified, consistent with 

their recognised role as major antecedents of spontaneous 

and indicated preterm birth.4 

Birth weight and APGAR scores 

Birth weight increased progressively with increasing 

corticosteroid exposure. This gradient most plausibly 

reflects that mothers who progress further through a 

corticosteroid course tend to remain pregnant for longer, 

allowing further fetal growth, rather than a direct fetal 

growth-promoting effect of the drug itself-a distinction 

supported by pharmacological and clinical reviews of 

antenatal corticosteroid regimens.16 The parallel, 

significant improvement in 1-and 5-minute APGAR 

scores with increasing exposure is consistent with 

enhanced cardiorespiratory adaptation at birth attributable 

to greater lung maturity and surfactant production, in 

keeping with outcomes reported from large steroid-

exposed preterm cohorts.27 

Small for gestational age 

The proportion of SGA neonates did not differ 

significantly across groups. This finding is reassuring and 

argues against a clinically important adverse effect of a 

completed four-dose dexamethasone course on fetal 

growth in this cohort, in line with data from major repeat-

course corticosteroid trials that found no consistent 

excess of growth restriction with standard-course 

regimens.19 

NICU admission and respiratory support 

NICU admission fell from 100% in the no-dose group to 

80.8% in the four-dose group, and the requirement for 

CPAP, mechanical ventilation and surfactant therapy 

declined in parallel with increasing corticosteroid 

exposure. These findings mirror the well-established 

effect of ACS in reducing the severity, rather than 

necessarily the occurrence, of NICU-level care 

requirements, as documented in Cochrane-level evidence 

syntheses of antenatal corticosteroids for fetal lung 

maturation.12,13 Mechanistically, this reflects two 

complementary glucocorticoid actions on the immature 

lung: induction of surfactant protein (SP-A, SP-B, SP-C) 

gene expression and phospholipid synthesis by type II 

pneumocytes, which lowers alveolar surface tension, and 

upregulation of epithelial sodium-channel (ENaC) 

activity, which accelerates clearance of fetal lung fluid at 

birth-together improving lung compliance and gas 

exchange enough to reduce, though not abolish, the need 

for CPAP, ventilation and surfactant replacement. Even 

in the four-dose group, a proportion of neonates still 

required NICU admission and respiratory support, 

underscoring that corticosteroids substantially reduce, but 

do not eliminate, respiratory morbidity in neonates born 

at the extremes of prematurity.28 

RDS 

RDS was the most common morbidity observed and fell 

from 60.0% to 13.5% with increasing corticosteroid 

exposure (p<0.001), a magnitude of benefit consistent 

with the original Liggins and Howie trial and subsequent 

Cochrane reviews that established antenatal 

corticosteroids as standard therapy for RDS 

prevention.11,13 The physiological basis for this reduction-

accelerated proliferation of type II pneumocytes, 

increased surfactant phospholipid synthesis and improved 

lung compliance-is well described.7,29 Nonetheless, a 

residual burden of RDS persisted even after a complete 

four-dose course, reflecting the limits of pharmacological 

maturation in extremely preterm lungs.30 

IVH and NEC 

IVH fell from 20.0% to 3.8%, and NEC from 16.7% to 

1.9%, with increasing corticosteroid exposure. Antenatal 

corticosteroids are thought to reduce IVH risk by 

stabilising cerebral vascular tone and reducing fluctuation 
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in cerebral blood flow, and to reduce NEC risk through 

accelerated intestinal epithelial maturation and improved 

gut barrier integrity.8,9,31,32 Both complications 

nonetheless occurred even among neonates who received 

the complete four-dose course, confirming that 

corticosteroids substantially reduce, but do not abolish, 

risk of these severe morbidities of extreme prematurity. 

Neonatal sepsis 

Early-onset sepsis fell from 23.3% to 5.8%, and overall 

neonatal sepsis from 33.3% to 7.7%, with increasing 

corticosteroid exposure, while the reduction in late-onset 

sepsis (10.0% to 1.9%) did not reach statistical 

significance. This pattern is biologically plausible: 

reduced respiratory morbidity lessens the need for 

invasive ventilatory support and prolonged vascular 

access, both recognised risk factors for early neonatal 

infection, whereas late-onset sepsis is driven 

predominantly by the duration of NICU stay, indwelling 

devices and nosocomial exposure rather than antenatal 

factors.10,33 

Hypoglycaemia and hyperbilirubinaemia 

Hypoglycaemia increased with increasing corticosteroid 

exposure (16.7% to 25.0%, p=0.042), a pattern also 

reported from the ALPS trial, in which antenatal 

betamethasone was associated with a higher rate of 

transient neonatal hypoglycaemia manageable with 

routine glucose monitoring and early feeding.21 The 

biological basis for this association is reasonably well 

understood: repeated fetal glucocorticoid exposure 

transiently suppresses fetal pancreatic beta-cell insulin 

secretion in utero, and once this suppressive effect wanes 

after birth, a rebound surge in insulin release-coupled 

with corticosteroid-driven depletion of hepatic glycogen 

stores laid down late in gestation-leaves the neonate 

briefly unable to mobilise glucose fast enough to match 

demand, producing the early, transient hypoglycaemia 

observed with increasing dose exposure in our cohort. 

Hyperbilirubinaemia did not differ significantly across 

groups, consistent with the understanding that neonatal 

jaundice in preterm infants is driven mainly by hepatic 

enzymatic immaturity and increased red-cell turnover 

rather than by antenatal corticosteroid exposure.34 

Duration of NICU stay and neonatal mortality 

Duration of NICU stay fell significantly with increasing 

corticosteroid exposure, most plausibly reflecting the 

cumulative reduction in respiratory and infective 

morbidity documented above. Neonatal mortality 

likewise fell progressively, from 20.0% to 3.8% 

(p=0.043), a finding consistent with large steroid-exposed 

extremely-preterm cohorts demonstrating improved 

survival with more complete antenatal corticosteroid 

coverage.27,35 Biologically, this graded survival benefit is 

best understood not as a single mechanism but as the 

cumulative product of simultaneous maturational effects 

across several vulnerable organ systems-accelerated 

surfactant synthesis and lung fluid clearance lowering the 

risk of fatal respiratory failure, stabilisation of cerebral 

blood flow autoregulation reducing catastrophic IVH, and 

enhanced gut barrier integrity limiting NEC and its septic 

sequelae-each dose completing a further increment of this 

multi-organ maturation programme; because 

glucocorticoid-responsive gene induction in the fetal 

lung, gut and brain requires sustained receptor occupancy 

over 24-48 hours to reach its full effect, a partial course 

likely captures only part of this maturational benefit, 

which would explain why incomplete exposure remained 

an independent predictor of death even after adjusting for 

gestational age and birth weight. Two deaths nonetheless 

occurred even in the four-dose group, underscoring that 

extreme prematurity, very low birth weight and severe 

neonatal illness continue to drive mortality despite 

optimal antenatal corticosteroid exposure.36 

Predictors of neonatal mortality 

On multivariate analysis, gestational age below 30 weeks, 

birth weight below 1500 g, incomplete corticosteroid 

exposure (≤2 doses), RDS, neonatal sepsis and IVH 

independently predicted neonatal mortality, with neonatal 

sepsis showing the strongest association. These findings 

closely parallel those of large multicentre studies of 

extremely preterm infants, which similarly identify low 

gestational age, low birth weight, severe respiratory 

disease and neonatal infection as the dominant 

determinants of neonatal death.33,37 The independent 

association of incomplete corticosteroid exposure with 

mortality, even after adjustment for gestational age and 

birth weight, lends further support to prioritising 

completion of the full antenatal corticosteroid course 

wherever clinically feasible. In practical terms, this 

suggests that in busy referral hospitals such as ours, even 

brief administrative or transport delays that truncate a 

dexamethasone course to two doses or fewer carry a 

measurable mortality cost independent of how sick or 

immature the neonate already is-a modifiable factor that 

obstetric and neonatal teams can directly target through 

closer inter-departmental coordination and dose-tracking 

at the bedside. 

Rescue corticosteroid considerations 

Current international guidance permits a single rescue 

course of antenatal corticosteroids in women who remain 

at ongoing risk of preterm delivery more than seven days 

after an initial course, on the basis that this improves 

respiratory outcomes without evident adverse neonatal 

effects; routine weekly repeat dosing beyond this, 

however, is not recommended because of concerns 

regarding fetal growth and neurodevelopment.18,24 Our 

findings, showing a graded benefit up to a complete four-

dose course without an associated excess of SGA, are 

consistent with the safety margin implied by this 

guidance, though they do not by themselves establish the 

safety of dosing beyond the standard four-dose protocol. 
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Reassuringly, the most recent long-term follow-up of a 

repeat-dose corticosteroid trial, extending to 20 years of 

age, found no excess of asthma, adverse neuro-

developmental, cardiovascular or metabolic outcomes 

among offspring exposed to repeat antenatal 

corticosteroids compared with placebo, lending further 

support to long-term safety of judicious additional dosing 

in women who remain at ongoing risk of preterm birth. 

Strengths and limitations 

The principal strengths of this study are its prospective 

design, structured and standardised outcome 

ascertainment, and stratification across the complete 

range of corticosteroid exposure from none to a full four-

dose course, which allowed a graded dose–response 

relationship to be characterised. Several limitations 

should be acknowledged. The precise interval between 

the final corticosteroid dose and delivery was not 

captured for all participants, precluding assessment of the 

well-recognised interaction between treatment-to-delivery 

interval and efficacy. The study was conducted at a single 

tertiary-care centre, which may limit generalisability, and 

neurodevelopmental follow-up of survivors beyond the 

neonatal period was not undertaken. Allocation to 

exposure group was determined by clinical circumstance 

rather than randomisation, so residual confounding by 

indication cannot be entirely excluded despite the 

balanced baseline characteristics observed. Future 

multicentre studies with larger sample sizes, documented 

treatment-to-delivery intervals, capture of rescue-course 

administration, and long-term neurodevelopmental 

follow-up are needed to further refine optimal antenatal 

corticosteroid strategy in resource-limited settings. 

CONCLUSION 

In this prospective observational study of 200 preterm 

neonates, completion of the standard four-dose antenatal 

dexamethasone course was associated with a consistent, 

graded reduction in neonatal mortality and major 

morbidity-including RDS, IVH, NEC and neonatal 

sepsis-together with higher birth weight, better APGAR 

scores, reduced requirement for respiratory support and 

shorter NICU stay, compared with partial or no antenatal 

corticosteroid exposure. Transient hypoglycaemia was 

more common with increasing exposure but was 

clinically manageable. Gestational age <30 weeks, birth 

weight <1500 g, incomplete corticosteroid exposure, 

RDS, neonatal sepsis and IVH were independent 

predictors of mortality. These findings support 

prioritising timely initiation and completion of the 

recommended antenatal corticosteroid course in women 

at risk of preterm birth, particularly in resource-limited 

settings where treatment interruption is common. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Blencowe H, Cousens S, Oestergaard MZ, Chou D, 
Moller AB, Narwal R, 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):2162-72. 

2. World Health Organization. WHO recommendations 
on interventions to improve preterm birth outcomes. 
Geneva: World Health Organization. 2015. Available 
at: https://www.who.int/publications/i/item/ 
9789241508988. Accessed on 3 June 2026. 

3. Chawanpaiboon S, Vogel JP, Moller AB, 
Lumbiganon P, Petzold M, Hogan D, et al. Global, 
regional, and national estimates of levels of preterm 
birth in 2014: a systematic review and modelling 
analysis. Lancet Glob Health. 2019;7(1):e37-46. 

4. Goldenberg RL, Culhane JF, Iams JD, Romero R. 
Epidemiology and causes of preterm birth. Lancet. 
2008;371(9606):75-84. 

5. Lawn JE, Blencowe H, Oza S, You D, Lee ACC, 
Waiswa P, et al. Every Newborn: progress, priorities, 
and potential beyond survival. Lancet. 
2014;384(9938):189-205. 

6. Saigal S, Doyle LW. An overview of mortality and 
sequelae of preterm birth from infancy to adulthood. 
Lancet. 2008;371(9608):261-9. 

7. Avery ME, Mead J. Surface properties in relation to 
atelectasis and hyaline membrane disease. AMA J 
Dis Child. 1959;97(5):517-23. 

8. Volpe JJ. Volpe’s Neurology of the Newborn. 6th ed. 
Philadelphia: Elsevier. 2018. 

9. Neu J, Walker WA. Necrotizing enterocolitis. N Engl 
J Med. 2011;364(3):255-64. 

10. Shane AL, Sánchez PJ, Stoll BJ. Neonatal sepsis. 
Lancet. 2017;390(10104):1770-80. 

11. Liggins GC, Howie RN. A controlled trial of 
antepartum glucocorticoid treatment for prevention 
of respiratory distress syndrome in premature infants. 
Pediatrics. 1972;50(4):515-25. 

12. Roberts D, Brown J, Medley N, Dalziel SR. 
Antenatal corticosteroids for accelerating fetal lung 
maturation for women at risk of preterm birth. 
Cochrane Database Syst Rev. 2017;3:CD004454. 

13. 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. 

14. American College of Obstetricians and 
Gynecologists. Antenatal corticosteroid therapy for 
fetal maturation. Committee Opinion No. 713. Obstet 
Gynecol. 2017;130:e102-9. 

15. Ballard PL, Ballard RA. Scientific basis and 
therapeutic regimens for use of antenatal 
glucocorticoids. Am J Obstet Gynecol. 
1995;173(1):254-62. 

16. Jobe AH, Goldenberg RL. Antenatal corticosteroids: 
an assessment of anticipated benefits and potential 
risks. Am J Obstet Gynecol. 2018;219(1):62-74. 

17. Newnham JP, Jobe AH. Antenatal corticosteroids for 
fetal maturation. N Engl J Med. 2023;388(6):550-9. 



Guhan S et al. Int J Contemp Pediatr. 2026 Oct;13(10):xxx-xxx 

                                                    International Journal of Contemporary Pediatrics | October 2026 | Vol 13 | Issue 10    Page 9 

18. Crowther CA, Middleton PF, Voysey M, Askie LM, 
Zhang S, Martlow TK, et al. Effects of repeat 
prenatal corticosteroids given to women at risk of 
preterm birth: an individual participant data meta-
analysis. PLoS Med. 2019;16(4):e1002771. 

19. Murphy KE, Hannah ME, Willan AR, Hewson SA, 
Ohlsson A, Kelly EN, et al. Multiple courses of 
antenatal corticosteroids for preterm birth (MACS): a 
randomised controlled trial. N Engl J Med. 
2008;358(26):2678-87. 

20. Althabe F, Belizán JM, McClure EM, Hemingway-
Foday J, Berrueta M, Mazzoni A, et al. A 
population-based, multifaceted strategy to implement 
antenatal corticosteroid treatment versus standard 
care. Lancet. 2015;385(9968):629-39. 

21. Gyamfi-Bannerman C, Thom EA, Blackwell SC, 
Tita ATN, Reddy UM, Saade GR, et al. Antenatal 
betamethasone for women at risk for late preterm 
delivery. N Engl J Med. 2016;374(14):1311-20. 

22. Garite TJ, Kurtzman J, Maurel K, Clark R. Impact of 
a ‘rescue course’ of antenatal corticosteroids on 
neonatal outcomes. Am J Obstet Gynecol. 
2009;200(3):248.e1-9. 

23. Wapner RJ, Sorokin Y, Mele L, Johnson F, Dudley 
DJ, Spong CY, et al. Long-term outcomes after 
repeat doses of antenatal corticosteroids. N Engl J 
Med. 2007;357(12):1190-8. 

24. McKinlay CJD, Cutfield WS, Battin MR, Dalziel 
SR, Crowther CA, Harding JE. Cardiometabolic 
consequences after exposure to antenatal 
corticosteroids. Lancet Child Adolesc Health. 
2018;2(1):58-67. 

25. Crowther CA, Harding JE. Repeat doses of prenatal 
corticosteroids for women at risk of preterm birth. 
Semin Fetal Neonatal Med. 2007;12(5):299-309. 

26. Brownfoot FC, Gagliardi DI, Bain E, Middleton P, 
Crowther CA. Different corticosteroids and regimens 
for accelerating fetal lung maturation for women at 
risk of preterm birth. Cochrane Database Syst Rev. 
2013;(8):CD006764. 

27. Carlo WA, McDonald SA, Fanaroff AA, Vohr BR, 
Stoll BJ, Ehrenkranz RA, et al. Association of 
antenatal corticosteroids with mortality and 
neurodevelopmental outcomes among extremely 
preterm infants. JAMA Netw Open. 
2022;5(2):e2145491. 

28. Papile LA, Burstein J, Burstein R, Koffler H. 
Incidence and evolution of subependymal and 
intraventricular hemorrhage: a study of infants with 
birth weights less than 1500 grams. J Pediatr. 
1978;92(4):529-34. 

29. Bell MJ, Ternberg JL, Feigin RD, Keating JP, 
Marshall R, Barton L, et al. Neonatal necrotizing 
enterocolitis: therapeutic decisions based upon 
clinical staging. Ann Surg. 1978;187(1):1-7. 

30. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek 
E, Plavka R, et al. European Consensus Guidelines 
on the Management of Respiratory Distress 

Syndrome: 2022 update. Neonatology. 
2023;120(1):3-23. 

31. Ballabh P. Intraventricular hemorrhage in premature 
infants: mechanism of disease. Pediatr Res. 
2010;67(1):1-8. 

32. Been JV, Zimmermann LJ. Antenatal corticosteroids 
and neonatal respiratory outcomes. Curr Opin 
Pediatr. 2007;19(2):151-6. 

33. Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, 
Shankaran S, et al. Neonatal outcomes of extremely 
preterm infants. Pediatrics. 2010;126(3):443-56. 

34. Watterberg KL. Policy statement: postnatal 
corticosteroids to prevent or treat bronchopulmonary 
dysplasia. Pediatrics. 2010;126(4):800-8. 

35. Fanaroff AA, Stoll BJ, Wright LL, Carlo WA, 
Ehrenkranz RA, Stark AR, et al. Trends in neonatal 
morbidity and mortality for very low birthweight 
infants. Am J Obstet Gynecol. 2007;196(2):147.e1-8. 

36. Tyson JE, Parikh NA, Langer J, Green C, Higgins 
RD. Intensive care for extreme prematurity-moving 
beyond gestational age. N Engl J Med. 
2008;358(16):1672-81. 

37. Patel RM. Short- and long-term outcomes for 
extremely preterm infants. Am J Perinatol. 
2016;33(3):318-28. 

38. Romero R, Dey SK, Fisher SJ. Preterm labor: one 
syndrome, many causes. Science. 
2014;345(6198):760-5. 

39. Higgins RD, Jobe AH, Koso-Thomas M, Bancalari 
E, Viscardi RM, Hartert TV, et al. 
Bronchopulmonary dysplasia: executive summary of 
a workshop. J Pediatr. 2018;197:300-8. 

40. Menon R. Spontaneous preterm birth: a clinical 
dilemma. Nat Rev Dis Primers. 2018;4:18029. 

41. Bhandari V. Bronchopulmonary dysplasia: 
pathogenesis and advances in treatment. Front Med 
(Lausanne). 2020;7:408. 

42. Eichenwald EC; Committee on Fetus and Newborn. 
Diagnosis and management of respiratory distress 
syndrome. Pediatrics. 2016;137(1):e20153757. 

43. FIGO Working Group on Best Practice in Maternal-
Fetal Medicine. Good clinical practice advice: 
antenatal corticosteroids for fetal lung maturation. Int 
J Gynaecol Obstet. 2021;155(1):26-30. 

44. Society for Maternal-Fetal Medicine (SMFM). 
SMFM Consult Series #58: use of antenatal 
corticosteroids for individuals at risk for late preterm 
delivery. Am J Obstet Gynecol. 2021;225(2):B36-42. 

45. Stoll BJ, Hansen N. Infections in VLBW infants: 
studies from the NICHD Neonatal Research 
Network. Semin Perinatol. 2003;27(4):293-301. 

46. Martin JA, Hamilton BE, Osterman MJK. Births: 
final data for 2021. Natl Vital Stat Rep. 
2023;72(1):1-53. 

 

 

 

 

 

Cite this article as: Guhan S, Saravanan, Ilangumaran, 

Ummugulthoom. Comparison of single versus multiple 

doses of antenatal corticosteroid administration on 

neonatal mortality and morbidity: a prospective 

observational study. Int J Contemp Pediatr 

2026;13:xxx-xx. 


