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Abstract
Background: Antenatal corticosteroids (ACS) treatment is critical to support survival and lung maturation in
preterm infants, however, its effect on feeding and growth is unclear. Prior preterm delivery, it remains uncertain
whether ACS treatment should be continued if possible (repeated course ACS), until a certain gestational age is
reached. We hypothesized that the association of single-course ACS with feeding competence and postnatal
growth outcomes might be different from that of repeated course ACS in very-low-birth-weight preterm infants.
Methods: A multicenter retrospective cohort study was conducted in very-low-birth-weight preterm infants born at
23–37 weeks’ gestation in South China from 2011 to 2014. Data on growth, nutritional and clinical outcomes were
collected. Repeated course ACS was defined in this study as two or more courses ACS (more than single-course).
Infants were stratified by gestational age (GA), including GA < 28 weeks, 28 weeks ≤ GA < 32 weeks and 32 weeks ≤
GA < 37 weeks. Multiple linear regression and multilevel model were applied to analyze the association of ACS with
feeding and growth outcomes.
Results: A total of 841 infants were recruited. The results, just in very-low-birth-weight preterm infants born at 28–
32 weeks’ gestation, showed both single and repeated course of ACS regimens had shorter intubated ventilation
time compared to non-ACS regimen. Single-course ACS promoted the earlier application of amino acid and enteral
nutrition, and higher rate of weight increase (15.71; 95%CI 5.54–25.88) than non-ACS after adjusting for potential
confounding factors. No associations of repeated course ACS with feeding, mean weight and weight increase rate
were observed.
Conclusions: Single-course ACS was positively related to feeding and growth outcomes in very-low-birth-weight
preterm infants born at 28–32 weeks’ gestation. However, the similar phenomenon was not observed in the
repeated course of ACS regimen.
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Background
Antenatal corticosteroids (ACS) treatment is commonly
used worldwide as the standard treatment for pregnant
women at risk of preterm labor [1]. European consensus
guidelines for the management of neonate respiratory
distress syndrome (RDS) in preterm infants recommended that single-course ACS should be used at least
24 h before delivery < 34 gestational age (GA). Repeated
course ACS may be used if preterm labor is estimated to
be < 32 GA and the first course was given more than 1–
2 weeks earlier [2]. Different ACS regimens were critical
to support survival [3] and lung maturation [4, 5],
whereas, had unclear effects on feeding and growth in
very-low-birth-weight (VLBW) preterm infants. Moreover, the risk-to-benefit ratio for repeated course ACS
application was still ambiguous [1, 6, 7].
The effects of ACS were different between single and repeated course treatments. Meta-analyses [8, 9] showed
that single-course ACS can effectively reduce the risk of
RDS, necrotizing enterocolitis (NEC), and infection. Repeated course ACS can also decrease the risk of RDS, but
accompanied some side effects. For instance, several studies reported that repeated course ACS seemed to be negatively correlated with weight growth in the uterus [10] or
not [11, 12]. Whereas, the similar reduction trend of
weight was not observed when at discharge [13] or in 2–3
years later [14–17]. We should notify that those results
adjusted for the maternal factors but ignored postnatal
factors, such as nutritional factors. Many studies have
demonstrated that ACS improved intestinal maturation in
a manner similar to lungs [18–20]. However, there was a
lack of evidence on the relationship between ACS and
nutritional outcomes. This has prompted us to conduct
further studies on the association of ACS with postnatal
growth and feeding outcomes.
In summary, we aimed to explored whether ACS, with
single-course or repeated course were associated with
growth, nutritional outcomes (e.g. time to initiate parenteral and enteral feeding, time to reach full enteral feeding) and clinical outcomes (e.g. days on mechanical
ventilation, NEC incidence, mortality) in VLBW infants
based on a retrospective cohort.
Materials and methods
Study design and subjects

The retrospective cohort study was a part of the
NEOMUNE study [21], which was performed in five
neonatal intensive care units (NICUs) from 2011 to
2014 in Guangdong province, China. Inclusion criteria
were infants inborn or transferred to the NICU
within 24 h after birth, < 37 weeks’ gestation and <
1500 g at birth, survived for at least 24 h. Exclusion
criteria included major congenital abnormalities or
congenital metabolic diseases.
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Exposure and outcomes

The VLBW preterm infants were classified as non- ACS
group, single-course ACS group and repeated course ACS
group. Since a systematic review reported that the scope of
GA for which the ACS provides benefits has been controversial [14]. In the present study, the participants were stratified
by gestational age as three groups-GA < 28 weeks, 28 weeks ≤
GA < 32 weeks and 32 weeks ≤ GA < 37 weeks. Single-course
ACS in the study meant that 24 mg of dexamethasone intramuscularly in 6 mg per dose every 12 h for a total of four
doses. Repeated course ACS was defined in this study as two
or more courses ACS (more than single-course). The pregnant women exposed to fewer than 4 doses were assigned to
the single-course ACS group. Information including maternal and neonatal demographics (maternal age, delivery mode,
GA, biological sex, APGAR score at 5 min and anthropometrics at birth), ACS use, type of enteral nutrition (complete
breastfeeding, mix feeding, 100% preterm formula milk),
nutritional and clinical data (initiation day of parenteral and
enteral feeding, time to reach full enteral feeding, days on
intubated ventilatory and non-invasive ventilator, NEC, intrauterine growth retardation [IUGR] and so on) were collected.
In the present study, complete breastfeeding meant 100%
own mother’s milk. Postnatal weight data were meticulously
measured weekly during hospitalization. Time to reach full
enteral feeding was defined as time to achieving enteral feeding volumes of 150 mL·kg− 1·d− 1 [22]. IUGR was defined as
retardation of fetal development resulting in small size in relation to gestational age, using less than the tenth percentile
as a cutoff growth criterion [23]. The recommended formula
for growth velocity was the exponential method published by
Patel et al. [24]. Growth velocity (g·kg− 1·d − 1) = [1000 × ln
(Weight Day n/Weight Day 1)] / (Day n – Day 1). All data
were collected until 37 postmenstrual age or at discharge
(including discharge upon parental request), or death.

Statistical analyze

All statistical analyses were performed using the software SPSS 25.0 (SPSS Inc. Chicago, IL). Cases with
lost (or missed) ACS information were eliminated.
Data were summarized using means and SDs, medians and interquartile ranges (IQRs), numbers and
percentages, as appropriate. Kruskal-Wallis H test and
χ2 test were used to compare the nutritional and clinical outcomes among ACS groups. Mann–Whitney
test was used for post hoc analysis. Multiple linear regression was used to analyze the association of ACS
with nutritional and clinical outcomes. Multilevel
model was used to analyze the association between
ACS and early weight growth trajectories. In multilevel model, the coefficients for ACS were related to
differences in mean weight, for interactions between
the ACS and time could be interpreted to indicate
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differences in mean weight varied over time (weight
increase rate).
Missing data

Data in this study were collected from routine records of
clinical systems, for this reason, the proportions of missing data in each variable were small, including 0.95% for
maternal age, 0.59% for multiple births, 0.23% for
cesarean section, 3.68% for birth length, 0.95% for
APGAR score, 0.83% for intubation ventilation, 1.55%
for non-invasive ventilation, 2.85% for extra oxygen supply, 3.92% for regain birthweight, 0.24% for inpatient
time, and 0.59% for amino acid introduction and duration. Multiple imputation was not performed.
Sensitivity analyses

We used stratified analysis to address confounding factor GA, double entry to reduce information bias and
missing data bias. Additionally, the inclusion and exclusion criteria were strictly followed to avoid selection
bias. The intrauterine status of some unmeasured confounding may have an impact on nutrition and growth
outcomes. In order to ascertain the sensitivity of our results to different health status in utero, analyses were
performed to evaluate the association of ACS regimens
with nutritional outcomes and postnatal growth in IUGR
or non-IUGR VLBW preterm infants in supplementary
material.

Results
A total of 1178 VLBW preterm infants were identified.
Two hundred forty-six cases were excluded for major
congenital abnormalities, metabolic diseases or transfer
to another hospital within 24 h of birth. Ninety-one
cases without ACS information were eliminated. As a result, 841 VLBW preterm infants were recruited in the
study, including 456 (54.2%) in non-ACS group, 162
(19.3%) in single-course group and 223 (26.5%) in repeated course group. Average follow-up time was 39
days. The median GA and birthweight were 30.1 (28.9–
31.6) weeks and 1300 (1150–1400) g, respectively.
Association of ACS application with clinical and
nutritional outcomes

In terms of nutrition outcomes, compared with nonACS group, single-course ACS group had higher proportion of complete breastfeeding in feeding pattern in
GA < 28 weeks, and had significant earlier application of
amino acid and enteral nutrition in 28 weeks ≤ GA < 32
weeks. We also found repeated course ACS group had
larger proportion of mixed feeding, and less 100% preterm formula milk in feeding pattern in 28 weeks ≤ GA <
32 weeks (Table 1). After adjustment for potential confounding factors of birth demographics and respiratory-
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related indicators, single-course ACS showed positive relationship to the introduction of amino acid and enteral
nutrition in 28 weeks ≤ GA < 32 weeks, however, repeated course ACS showed no significant correlation
with nutritional outcomes (Table 2).
Pertaining to clinical outcomes, both single-course
ACS group and repeated course ACS group had shorter
time on intubation ventilation support compared with
non-ACS group. Repeated course group had the highest
rate of cesarean section among the three groups only in
28 weeks ≤ GA < 32 weeks. No differences in clinical outcomes were found between single-course ACS group
and repeated course ACS group (Table 1).
Association of ACS application with postnatal weight
growth

The weight growth trajectories of VLBW preterm infants
were shown in Fig. 1. The trajectories of mean weight
(shown in Fig. 1. B) and weight growth velocity (shown
in Fig. 1. D) were also examined separately by different
birth GA. Differences in the weight-growth curve trajectories were assessed in Table 3.
In unadjusted model, single-course ACS group had a
greater average weight over time compared with the repeated course ACS group. Also, single-course ACS and
repeated course ACS groups demonstrated higher
weight increase rate over time compared with the nonACS group. After adjusting for confounding factors of
birth demographics, mode of delivery, nutritional and
respiratory-related indicators, single-course ACS group
had higher weight increase rate compared with nonACS group, however, there were no differences in mean
weight among groups. Finally, identical growth advantage for single-course ACS were observed in VLBW preterm infants born at 28–32 weeks’ gestation. No
differences in mean weight and weight growth rate
among non-ACS, single-course and repeated course
ACS treatments were found in other GA group in multivariable analysis.

Discussion
Previous studies showed unclear effects of ACS on postnatal growth and feeding in VLBW preterm infants. The
present study showed a close relationship between singlecourse ACS application and the remarkable improvement
in terms of amino acid introduction, enteral nutrition
introduction, and weight increase rate in VLBW infants
born at 28–32 GA. Additionally, both single and repeated
course of ACS regimens had shorter intubated ventilation
time compared to non-ACS regimen.
Single-course ACS positively correlated with earlier
application of amino acid and enteral nutrition with
VLBW preterm infants with 28–32 GA. On the contrary,
repeated course ACS did not show any association in all
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Table 2 Multivariate analysis of ACS courses association with nutritional outcomes in VLBW infants stratified by GA
Variable

28 weeks ≤ GA < 32 weeks

Total
Single-course ACS

Repeated course ACS

Single-course ACS

Repeated course ACS

Amino acid introductiona

−0.11 (− 0.70, − 0.15) *

−0.05 (−0.44,0.04)

−0.09 (−0.71, −0.04) *

−0.04 (−0.44,0.14)

Lipid introductionb

−0.04 (1.42,0.38)

−0.05 (− 1.35,0.23)

− 0.02 (−1.46,0.76)

− 0.05 (− 1.57,0.34)

Enteral nutrition introductionc

−0.08 (−1.35, − 0.11) *

− 0.04 (− 0.87,0.22)

−0.09 (− 1.52, − 0.01) *

− 0.05 (− 1.08,0.22)

Enteral feeding volumes of 150 mL·kg− 1·d-1d

− 0.03 (−3.70,0.94)

0.006 (− 1.89,2.30)

− 0.03 (− 4.22,1.50)

0.009 (− 2.24,2.84)

Data are adjusted linear regression coefficient (95% CI), refer to non-ACS
VLBW very-low-birth-weight, ACS Antenatal corticosteroids, GA gestational age
*multiple linear regression shows significant outcomes. No significant outcomes were found in GA < 28 weeks or 32 weeks ≤ GA < 37 weeks group
a
adjusted for GA, 5 min APGAR score
b
adjusted for GA, 5 min APGAR score and amino acid introduction
c
adjusted for GA, birth weight, cesarean section, lipid introduction and amino acid introduction
d
adjusted for GA, birth weight, cesarean section, lipid introduction, amino acid introduction and feeding pattern

GA groups. Previous studies showed that ACS improved
the bowel maturation in a manner similar to the lung,
that is due to its gastrointestinal tract maturation enhancement effect and anti-inflammatory properties [25,
26]. Animal researches [18, 19] and human studies [20]
suggested that ACS could promote the secretion of gut
hormones and the growth of the gastrointestinal tract.
Enteral nutrition could be introduced when there was
bowel motility. The bowel motility patterns were abnormal and incompletely developed before 28 GA [27]. This
may be the reason why we did not observe the difference
between groups before 28 GA. Motilin receptors and

cyclic motilin release are present after 32 GA [27].
Therefore, we speculated that the effect of ACS exposure
on the time to start enteral feeding became insignificant
after 32 GA. A study [28] published in a Chinese journal
has the similar view. The IUGR rate in repeated course
ACS was higher compared with single-course ACS.
When stratified according to IUGR or non-IUGR, the
above conclusions were consistent in the non-IUGR
group (supplementary material).
The results from the present study showed that
although there was no difference in birthweight among
non-ACS, single-course ACS and repeated course ACS

a

b

c

d

Fig. 1 Curves trajectories of weight-growth and weight-growth velocity in the VLBW infants according to ACS regimens. VLBW, very-low-birthweight; ACS, antenatal corticosteroids; GA, gestational age. Data are mean weight (a and b) or mean weight-growth velocity (c and d). a: Curve
trajectories of mean weight in total VLBW preterm infants. b: Curve trajectories of mean weight in total VLBW preterm infants stratified by GA.
c: Curve trajectories of mean weight-growth velocity in total VLBW preterm. d: Curve trajectories of mean weight-growth velocity in total VLBW
preterm stratified by GA. GA: 1 = GA < 28 weeks, 2 = 28 weeks ≤ GA < 32 weeks, 3 = 32 weeks ≤ GA < 37 weeks. Data were collected until 37
postmenstrual age
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Table 3 Relationship between ACS with weight changes during hospitalization in VLBW preterm infants
Variable

Unadjusted coefficient

Adjusted coefficient a

45.52(40.91,50.12) *

74.23(56.03,92.42) *

Total
Postnatal age, week
Non-ACS

0.00(Reference)

0.00(Reference)

Single-course

23.54(−9.32,56.39)

1.54(− 29.76,32.84)

Repeated course

− 19.29(− 48.41,9.82)

− 12.61(− 40.30,15.06)

Time* single-course

18.24(10.07,26.42) *

14.75(6.02,23.49) *

Time* repeated course

10.12(2.94,17.31) *

5.48(−2.24,13.21)

Repeated course

0.00(Reference)

0.00(Reference)

Single-course

42.83(5.94,79.71) *

14.15(−20.38,48.70)

Time* single-course

8.12(−1.02,17.26)

9.27(−0.41,18.96)

Postnatal age, week

34.10(19.85,48.35) *

53.59(−21.00,128.20)

Non-ACS

0.00(Reference)

0.00(Reference)

Single-course

−81.72(−201.53,38.09)

−83.94(− 211.27,43.38)

Repeated course

−38.34(−138.91,62.23)

3.73(−98.58,106.05)

Time* single-course

22.00(−6.99,50.98)

20.31(−13.07,53.70)

Time* repeated course

4.21(−19.85,28.27)

4.68(−21.17,30.54)

Repeated course

0.00(Reference)

0.00(Reference)

GA < 28 weeks

Single-course

−43.38(−179.30,92.55)

−87.68(− 232.75,57.38)

Time* single-course

17.79(−15.27,50.85)

15.63(−21.84,53.10)

43.27(37.93,48.61) *

73.43(51.71,95.15) *

28 weeks ≤ GA < 32 weeks
Postnatal age, week
Non-ACS

0.00(Reference)

0.00(Reference)

Single-course

31.99(−4.93,68.90)

10.90(−25.09,46.90)

Repeated course

−14.48(−46.59,17.63)

−14.67(−46.41,17.06)

Time* single-course

19.99(10.51,29.46) *

15.71(5.54,25.88) *

Time* repeated course

10.55(2.36,18.73) *

5.26(−3.66,14.20)

Repeated course

0.00(Reference)

0.00(Reference)

Single-course

46.47(5.51,87.42) *

25.57(−14.02,65.17)

Time* single-course

9.43(−1.05,19.92)

10.44(−0.81,21.69)

32 weeks ≤ GA < 37 weeks

b

Point estimates and 95% CI of differences in mean weight or weight growth rate are shown
VLBW very-low-birth-weight, ACS Antenatal corticosteroids, GA gestational age
*Significantly different from reference group
a
Adjusted for sex, feeding pattern, cesarean section rate, time to start enteral nutrition, 5 min APGAR score, GA, multiple birth, amino acid and lipid introduction,
duration of amino acid and lipid
b
Iteration is terminated but convergence has not been achieved. Validity of the model fit is uncertain
All data were collected until 37 postconceptional age or at discharge

groups, postnatal growth rate was found to be different.
Single-course ACS group had higher weight increase
rate in infants born at 28–32 GA, however, repeated
course ACS did not improve the average weight and
weight increase rate during hospitalization after adjusting for sex, cesarean section rate, 5 min APGAR score,
GA, multiple birth and nutritional factors. Prior animal
and human studies have suggested that multiple repeated ACS may impair fetal growth [29, 30] or have no

effects [11, 12, 14], Some studies found no association
between multiple repeated ACS with adverse effects on
growth at discharge [13], in 2–3 years of age or in adolescence [14–17]. These studies measured weight at
birth or at single point time after a period of time, while
we managed to collect the longitudinal postnatal measurement. A retrospective study reported that ACS did
not affect mean weight in the nursery [31], which was
largely consistent with our research. Another study [32]
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focused on both mean weight gain and weight growth
rate. The researchers measured weight at birth and
weekly for 4 weeks or until discharge, and they found infants before 32 GA exposed to repeated course ACS
demonstrated postnatal growth acceleration (singlecourse ACS was not concluded in their study), which
was consistent with our results before adjusting for postnatal clinical and nutritional status. Considering the
above factors, we only found that single-course ACS had
higher weight growth rate related to non-ACS.
VLBW preterm infants could experience ‘catch-up’
growth after birth over the weeks and months [33].
Interestingly, the negative effects of ACS on birthweight
[29] may not be observed after birth in a period of time
[14]. We observed a more rapidly increase in weight
growth rate in the group exposed to single-course ACS
at 28–32 GA. This meant that the VLBW preterm infants may recovery from the potential growth inhibitory
effects of ACS shortly after birth [32]. The recovery was
presumably related to the physiology and nutrition
around the time of birth, especially in the repeated
course ACS group. The “GA window” (28–32 GA) further illustrated that this recovery may be due to the effects of ACS on the gastrointestinal tract. Of note, fast
growth catchup does not necessarily imply a better longterm outcome [34, 35]. The mechanism of influences of
different courses ACS on the gastrointestinal tract is still
unclear. Therefore, we expect more studies providing
evidence for it, as well as the impact on catching growth.
Both single-course and repeated course ACS were associated with shorter time of intubation ventilation in
infants born at 28–32 GA, which was consistent with
previous researches [14, 16, 36–38]. Moreover, the effects of ACS on clinical outcomes in preterm infants
predominately depended on GA, that is mainly because
of different stages of fetal organ development seen in
various GA stages [39, 40]. In this study, the duration of
intubation ventilation was not different among nonACS, single-course ACS and multi-course ACS groups
in infants < 28 GA. Observational studies have shown inconsistent findings in infants at the lowest gestations. A
multicenter study [41] of infants < 29 weeks’ gestation
found a higher incidence of respiratory complications in
infants exposed to ACS than in those not exposed. However, another large multicenter observational study [42]
did not find a difference in the incidence of respiratory
complications between the exposed and unexposed ACS
groups. The Cochrane review [14, 43] subgroup analysis
(4 randomized controlled trials, 102 infants) of those infants < 28 GA also found that the incidence of RDS exposed to ACS did not differ compared to infants who
were not exposed. Randomized controlled trials with adequate sample sizes are needed to explain the role of
ACS in extremely preterm infants.
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A major strength of this study was that we continuously
measured the weight gain of VLBW preterm infants during hospitalization, compared with previous studies focusing on separate time points. Our study focused on
nutrition-related outcomes during hospitalization, while it
was less frequently discussed in previous studies. We
found that single-course ACS treatment had the greatest
benefit for VLBW infants born at 28–32 weeks, suggesting
that more cautions are needed when expanding the use of
ACS in clinical practice.
Limitations in the study included that it was a retrospective study in design, with some potentially confounders unmeasured or uncollected, such as specific
data of ACS use, maternal history and sociodemographic
characteristics. Furthermore, some parents required an
early discharge of their infants subsequently some related clinical outcomes were unclear. We did not make a
detailed distinction between one repeat course or multiple weekly repeat course in this study, since the questionnaire was designed and the data were collected
during 2011–2014, when there were no guideline recommendations for the use of repeated course ACS. The
ACS used in these hospitals was dexamethasone, therefore the final conclusions could not represent other
medicine treatment regimen.

Conclusions
In summary, single-course ACS treatment was positively
related to parenteral and enteral feeding, as well as
weight growth in VLBW preterm infants born at 28–32
weeks’ gestation. However, no associations of repeated
course ACS with feeding and growth were observed,
which indicates that more attention are needed to pay
when expanding the use of ACS in clinical practice.
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