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Abstract

OBJECTIVE Assess whether antenatal corticosteroids for fetal lung maturation are associated with hypoglycaemia in neonates

born at term. DESIGN Cohort study of term singleton deliveries over a 3-year period. SETTING Tertiary UK hospital.

POPULATION The cohort includes neonates not exposed to corticosteroids; those exposed before 34 weeks because of suspected

preterm birth but delivered at term (group 1); those exposed after 34 weeks because of anticipated late preterm birth (group

2); and - included in the latter - a subgroup of neonates exposed within 7 days of their actual delivery (group 2a). METHODS

Retrospective analysis of the association between exposure and neonatal outcomes using multivariate regression to adjust for

confounders. MAIN OUTCOME MEASURES Severe neonatal hypoglycaemia requiring admission to NNU; and need for

ventilatory support. RESULTS Amongst 20102 eligible pregnancies, 143 women received corticosteroids before 34 weeks; and

187 after 34 weeks, of which 106 were within 7 days of delivery. Severe hypoglycaemia occurred in 227 neonates. Univariate

predictors of hypoglycaemia were maternal BMI, nulliparity, hypertension, diabetes, gestation at birth, birthweight<10 centile

and corticosteroid exposure. Following adjustment for covariates, corticosteroid exposure was independently associated with

hypoglycaemia in all exposed groups: group 1 adjusted odds ratio (aOR) 3.26 (1.38-7.73); group 2 aOR 4.56 (2.47-8.42); and

group 2a aOR 5.70 (2.49-13.03). Ventilatory support was not significantly different in any of the exposed groups. CONCLUSION

There is increased risk of hypoglycaemia in neonates exposed to antenatal corticosteroids who are born at term. The risk of

hypoglycaemia is higher with decreasing corticosteroid-to-birth interval.

INTRODUCTION

The antenatal administration of high dose corticosteroids for neonates born before 34 weeks is a key priority
in maternity and neonatal practice 1-4. Clear benefits in perinatal death and serious morbidity are reported
2.

Most exposed neonates, however, are born after 34 weeks; many at term5, as the prediction of preterm labour
is so imprecise6. Further, the upper gestation at which antenatal corticosteroids (ACS) are commonly given
has increased. Several guidelines 1-4 and trials recommend ACS after 34 weeks7-9, and even prior to caesarean
section at early term gestation 10-12 due to the latter’s association with neonatal respiratory complications
13.

These policies are controversial and not universal 4. As birth at later gestation is more common and the con-
sequences of prematurity less severe, any capacity for corticosteroid-related harm is correspondingly greater.
ACS appear to increase the risk of neonatal hypoglycaemia 8, 14. Where severe, this is a common cause of
term neonatal unit admission 15 and has been associated with long term neurological deficit 16. As most
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corticosteroid trials focus on participant outcomes before term8 or have not assessed hypoglycaemia10, 11,
good data in term neonates is lacking.

The aim of this study was to assess the association between antenatal corticosteroid administration and
severe hypoglycaemia in neonates born at term. The analysis addresses two groups: 1) those exposed before
34 weeks because of a perceived risk of severe preterm birth but subsequently deliver at term; and 2) those
exposed after 34 weeks because of anticipated late preterm or early term birth.

METHODS

This is an observational cohort study of singleton term ([?] 37 weeks) neonates born in a single tertiary
centre between October 2016 and September 2019. STROBE guidelines were followed. Exclusion criteria
were diagnosis of neonatal sepsis 17, multiple pregnancies, those with uncertain dates, and those complicated
by major structural fetal abnormalities, aneuploidy, or genetic syndromes.

Outcome measures were 1) severe neonatal hypoglycaemia, defined as capillary blood glucose < 2.0 mmol/l
in the first 24 hours of life and requiring admission to NNU and 2) the need for mechanical ventilation or
CPAP, (selected due to inconsistency in diagnosis of respiratory distress syndrome (RDS)). Where measured,
the lowest blood glucose in the first 24 hours was also recorded.

Blood glucose level was measured in neonates considered at risk (BAPM) using an Abbott ‘i-STAT handheld’
glucometer 2-4 hours after birth, (usually before the second feed) and immediately if there were clinical
signs suggestive of hypoglycaemia (lethargy, abnormal feeding behaviour, high pitched cry, altered level of
consciousness, hypotonia, seizures, hypothermia (<36.5°C), apnoea). Criteria for admission to the Neonatal
Unit (NNU) due to neonatal hypoglycaemia were single glucose measurement < 1 mmol/l; two or more
consecutive measurements between 1.0-1.9 mmol/l despite ongoing feeding support; or clinical signs consistent
with hypoglycaemia.

One complete corticosteroid course of two doses Betamethasone 12 mg 24 hours apart was administered where
the risk of preterm birth (< 34+0 weeks) in the following 7 days was perceived to be high. Betamethasone
was also used at the discretion of the clinician from 34+0 weeks, prior to planned elective late preterm or
early term birth. If a course of betamethasone was previously administered for any indication, a second
course was not given. Breastfeeding was supported within the first hour and for those declining, formula feed
10-15ml/kg was offered, with 3-hrly subsequent feeds.

Pregnancies were dated using crown-rump length (CRL) between 9+0 and 13+6 weeks. Birthweight (BW)
was converted into centiles according to Intergrowth-21st standards18: small for gestational age (SGA) was
defined as < 10th centile. Gestational diabetes and hypertensive disorders were defined according to NICE
criteria19, 20.

Prospectively collected data were merged from electronic maternity record (Cerner Millennium) and neonatal
records (Badgernet, Clevermed, Edinburgh, UK). Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) v26.0 (IBM Inc., Chicago, IL, USA).

The study cohort was divided into three groups according to corticosteroid exposure: the non-exposed (com-
parison) group; the exposed group 1 where ACS were given before 34+0 weeks; and the exposed group 2
where ACS were given at or after 34+0 weeks. A subset of the latter group, where ACS were administered
within 7 days before planned caesarean birth was further analysed (exposed group 2a).

As neonates born from diabetic mothers represent the group with the highest risk of developing neonatal
hypoglycaemia, a secondary subgroup analysis was carried out to assess relationship between ACS exposure
and neonatal outcomes in pregnancies affected by pre-existing or gestational diabetes.

Continuous variables were presented as median and interquartile range (IQR), while categorical variables
were presented as absolute numbers and percentages. Demographic and pregnancy variables were calculated
for each group of neonates. Demographic characteristics, pregnancy characteristics and corticosteroid expos-
ure, including timing, were then compared between hypoglycaemic and normoglycaemic neonates. Group
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comparisons of variables were performed with Mann–Whitney U test, χ2 test or Fisher’s exact tests where
appropriate. Differences were considered significant when p value was <0.05.

The association between ACS exposure and neonatal outcomes was assessed for each group. Demographic
and pregnancy characteristics significantly associated with neonatal outcomes on univariate analysis were
then included into a multivariate backward-stepwise regression model to adjust for potential confounders.
Adjusted odds ratios (aOR) and 95% confidential intervals (CI) were calculated.

Finally, among neonates exposed to ACS who had a glucose measured within 24 hours of birth, the correlation
between time interval between corticosteroid exposure and birth, and minimum neonatal glucose value, was
assessed using scatter plots. Pearson’s correlation was performed to assess the relationship between variables.

NHS Health Research Authority ethical approval for this analysis was granted on 27/07/2017 (IRAS project
ID 222260; REC reference 17/SC/0374).

RESULTS

Of 22,678 singleton births between 1st October 2016 and 1st September 2019, 2,576 pregnancies were ex-
cluded: 674 (2.97 %) for suspected congenital abnormalities and 1,902 (8.38 %) because of birth before 37+0

weeks (Fig 1). Of 20,102 eligible pregnancies, (Fig 1) 330 women (1.6%) received antenatal corticosteroids:
143 (47.6%) before 34+0weeks; 187 (56.6%) at or after 34+0 weeks, of which 106 (56.7%) were within 7 days
of planned caesarean delivery; 19,772 (98.4%) women received no antenatal corticosteroids.

The characteristics of the study population according to groups are shown in Table 1. Severe hypoglycaemia
occurred in 227 (1.13%) neonates, with a median glucose value of 1.4 mmol/l (IQR: 0.50 mmol/l). Factors
associated with severe hypoglycaemia (Table 2) on univariate analysis were higher mean BMI, nulliparity,
hypertension, pre-existing and gestational diabetes, earlier gestation at birth, ACS exposure and birthweight
below the 10th centile.

The association between ACS exposure and severe hypoglycaemia in term neonates is shown in Table 3
for all groups. After adjustment for covariates, ACS exposure was associated a higher incidence of severe
hypoglycaemia in all exposed groups; whereas the respiratory outcomes (ventilation or CPAP) were not
significantly different. The adjusted odds ratios for severe neonatal hypoglycaemia were highest when ACS
were administered in later gestation and nearest to delivery.

In pregnancies affected by pre-existing or gestational diabetes, the risk of severe hypoglycaemia was signifi-
cantly increased in neonates exposed to ACS at or after 34 weeks (Table 4). No conclusion can be drawn for
the 13 neonates of diabetic pregnancies exposed to ACS before 34 weeks as none were severely hypoglycaemic.

There was a significant positive correlation between the corticosteroid-to-birth interval and neonatal glucose
in the first 24 hours of life (r = 0.592, p < 0.001) (Fig 2). Lower glucose values were recorded in neonates
exposed to ACS closer to birth.

DISCUSSION

Main Findings

This analysis demonstrates the increased risk of hypoglycaemia in neonates exposed to antenatal corticos-
teroids but born at term. This applies in those exposed remote from birth because of a perceived risk of
preterm birth; it also applies in those exposed prior to planned early term caesarean section. The risk is
particularly high in pregnancies affected by diabetes. We also suggest an increasing risk of hypoglycaemia
with decreasing corticosteroid-to-birth interval. After adjustment for covariates, no association with the use
of ventilation or CPAP was found.

Interpretation

Neonatal hypoglycaemia, though common, has been independently associated with severe and long term
adverse outcomes 16, 21. Recent data has linked ACS exposure to an increased risk of ‘any mental and
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behavioural disorder’ (Hazard ratio 1.47; 95%CI, 1.36-1.69) in term born neonates 5. Despite this, hypogly-
caemia has not even been assessed in some RCTs investigating the use of ACS10, 11. A common mechanism
is plausible.

Corticosteroid exposure remote from term

In neonates exposed to ACS before 34 weeks, remote from birth, our findings build on a recent cohort study
of pregnancies ‘diagnosed as having threatened preterm labour at some point’ who nevertheless delivered
from 37+0 weeks 22. In this, the 27.4% of pregnancies that received ACS were compared to those who did
not. The mean gestational age at ACS administration was 32.2 weeks (SD 3.3). The incidence of treated
hypoglycaemia was more than twice as high in exposed neonates, although this relationship was not examined
using adjustment for covariates. Our adjustment suggests this is causal.

Similarly, Raikkonen et al 5 demonstrated that exposure to maternal ACS was significantly associated with
mental and behavioural disorders in children, especially when born at term (HR 1.47 (95% CI 1.36 – 1.69)).
In this cohort the vast majority of term pregnancies received ACS before 34+0 weeks.

The overall benefit of ACS in preterm neonates is unequivocal2 but is greatest in the most preterm neonates23.
Whilst developmental delay is reduced in those born under 34 weeks 24, no overall effect on neurodevelopment
delay has been detected in RCTs of antenatal corticosteroids in pregnancies at risk of (as opposed to having
a) preterm birth 2.

Given their effect on mortality, any potential disadvantage of ACS will be outweighed by the benefits where
very preterm birth occurs. Therefore public health initiatives appropriately encourage corticosteroid ad-
ministration. However if more neonates are exposed to corticosteroids, the proportion that go to term will
increase, and any adverse effects will then become more common. The challenge is both better sensitivity
and better specificity in predicting preterm birth: identification of those at most risk is improved using point
of care tests, but even these have a low specificity 25.

Corticosteroid exposure after 34 weeks and prior to planned caesarean birth

Our findings concur with a large RCT of pregnancies from 34+0 weeks at risk of late preterm birth8. The
relative risk of any hypoglycaemia in the corticosteroids (2 doses of 12mg of betamethasone) arm was
1.60 (95% 1.37–1.87). With a 15% incidence in the placebo arm, the definition included much less severe
hypoglycaemia than in our analysis. Importantly, 84% of neonates were born before 37+0weeks, so the
findings are less relevant than for our term cohort. Further, in the trials assessing corticosteroids specifically
prior to planned early term caesarean birth 10-12, hypoglycaemia has not been recorded. Our data importantly
addresses this specific group and highlights the risk of severe hypoglycaemia in these term neonates. A
particular issue is pregnancies complicated by diabetes, on which existing literature is limited26-29. In the
UK, recommendations state diabetes should not be a ‘contraindication to antenatal corticosteroids for fetal
lung maturation’ 3. Our numbers preclude the assessment of effects of ACS administration before 34 weeks
in infants born at term. However, we demonstrated that infants exposed to ACS at or after 34 weeks had a
higher incidence of severe hypoglycaemia compared to those not exposed (31% vs 3.8%, aOR: 5.76, 95% CI
2.28-14.52). Whilst respiratory benefits are likely to remain, this risk should be considered alongside that of
poorer maternal glucose control.

The relationship between SGA and ACS needs to be addressed. McKinzie et al 22 found a higher risk of SGA
among term pregnancies who had received ACS before 34+0 weeks; we did not (Table 1). We postulate that
ACS may, and this may vary in different units, be given more in pregnancies where SGA is suspected and
so the relationship is not causal. This is supported by our finding of increased SGA in pregnancies exposed
after 34 weeks.

The positive correlation between corticosteroid-to-birth interval and neonatal glucose level, albeit as a uni-
variate analysis, pictorially demonstrates the increased risk in those who benefit least. It may also shed light
on the mechanism. Temporary maternal hyperglycaemia frequently follows corticosteroid administration and
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this could cause fetal hyperinsulinemia, but this mechanism has not been proven30. That hypoglycaemia is
more common even many weeks later suggests that longer term metabolic changes are induced.

Strengths and Limitations

Neonatal hypoglycaemia is variously defined, is variably tolerated by neonates and universal screening is
unusual 31-34. In our cohort neonatal glucose measurement was not universal but neonatal testing was
performed according to BAPM Guidelines; maternal corticosteroids administration was not a criterion 34.
For this reason we also chose the stricter outcome of ‘severe hypoglycaemia’ and defined it to include a
requirement for NNU admission. This is reflected in our 1.3% overall incidence of severe hypoglycaemia
compared to the 4.1% incidence of ‘treated hypoglycaemia’ in a recent analysis 22. It is also possible that the
administration of ACS, particularly after 34 weeks, could reflect other risk factors for hypoglycaemia. This is
addressed in the multivariate logistic regression, but residual confounding cannot be ruled out. Indeed, this
could account for our finding of no reduction in severe respiratory morbidity. We were unable to adjust for
confounders when assessing the relationship between time and interval and neonatal glucose level. A further
limitation is the largely white ethnicity. Despite the large numbers, the number of term births exposed to
ACS was relatively small.

CONCLUSION

Antenatal corticosteroids exposure is associated with an increased risk of severe hypoglycaemia in term
neonates, particularly where ACS are given prior to planned caesarean birth. An association also remains in
neonates exposed much earlier in the pregnancy, but hypoglycaemia becomes less common with increasing
time interval to birth. Better identification of pregnancies where preterm birth will occur within 7 days
is required. Nearer term, neonatal hypoglycaemia might cause more long term harm than the respiratory
morbidity that corticosteroids reduce and better long term data is required before ACS usage after 34 weeks
is universally offered.

ACKNOWLEDGMENTS We thank the women, midwives, neonatal and obstetric colleagues for their
help with this study.

DISCLOSURE OF INTERESTS The authors declare no conflicts of interest.

CONTRIBUTION TO AUTHORSHIP:

- Cavallaro A: conception, planning, data collection, data analysis and writing up of the article

- Ioannou C: data analysis and writing up of the article

- Garbagnati M and Hubble T: data collection

- Oros D: writing up of the article

- Impey L: conception, data analysis and writing up of the article.

DETAILS OF ETHICS APPROVAL: NHS Health Research Authority ethical approval for this analysis
was granted on 27/07/2017 (IRAS project ID 222260; REC reference 17/SC/0374).

FUNDING The authors received no financial support for the research, authorship, and publication of this
article.

REFERENCES

1. Committee on Obstetric P. Committee Opinion No. 713: Antenatal Corticosteroid Therapy for Fetal
Maturation. Obstet Gynecol. 2017;130(2):e102-e9.

2. 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.

5



P
os

te
d

on
31

M
ar

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

87
35

17
.7

46
20

92
3/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

3. National Institute for Health and Care Excellence: Guidelines. Preterm labour and birth. London:
National Institute for Health and Care Excellence (NICE) Copyright © NICE 2019.; 2019.

4. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas A, et al. European Consensus Guidelines
on the Management of Respiratory Distress Syndrome - 2019 Update. Neonatology. 2019;115(4):432-50.

5. Raikkonen K, Gissler M, Kajantie E. Associations Between Maternal Antenatal Corticosteroid Treatment
and Mental and Behavioral Disorders in Children. JAMA. 2020;323(19):1924-33.

6. Suff N, Story L, Shennan A. The prediction of preterm delivery: What is new? Semin Fetal Neonatal Med.
2019;24(1):27-32.

7. Porto AM, Coutinho IC, Correia JB, Amorim MM. Effectiveness of antenatal corticosteroids in reducing
respiratory disorders in late preterm infants: randomised clinical trial. Bmj. 2011;342:d1696.

8. Gyamfi-Bannerman C, Thom EA, Blackwell SC, Tita AT, Reddy UM, Saade GR, et al. Antenatal Beta-
methasone for Women at Risk for Late Preterm Delivery. N Engl J Med. 2016;374(14):1311-20.

9. Balci O, Ozdemir S, Mahmoud AS, Acar A, Colakoglu MC. The effect of antenatal steroids on fetal lung
maturation between the 34th and 36th week of pregnancy. Gynecol Obstet Invest. 2010;70(2):95-9.

10. Stutchfield P, Whitaker R, Russell I. Antenatal betamethasone and incidence of neonatal respiratory
distress after elective caesarean section: pragmatic randomised trial. Bmj. 2005;331(7518):662.

11. Ahmed MR, Sayed Ahmed WA, Mohammed TY. Antenatal steroids at 37 weeks, does it reduce neonatal
respiratory morbidity? A randomized trial. J Matern Fetal Neonatal Med. 2015;28(12):1486-90.

12. Nada AM, Shafeek MM, El Maraghy MA, Nageeb AH, Salah El Din AS, Awad MH. Antenatal corti-
costeroid administration before elective caesarean section at term to prevent neonatal respiratory morbidity:
a randomized controlled trial. Eur J Obstet Gynecol Reprod Biol. 2016;199:88-91.

13. Saccone G, Berghella V. Antenatal corticosteroids for maturity of term or near term fetuses: systematic
review and meta-analysis of randomized controlled trials. BMJ. 2016;355:i5044.

14. Kamath-Rayne BD, Rozance PJ, Goldenberg RL, Jobe AH. Antenatal corticosteroids beyond 34 weeks
gestation: What do we do now? Am J Obstet Gynecol. 2016;215(4):423-30.

15. Levene I, Wilkinson D. Identification and management of neonatal hypoglycaemia in the full-term in-
fant (British Association of Perinatal Medicine-Framework for Practice). Arch Dis Child Educ Pract Ed.
2019;104(1):29-32.

16. Kerstjens JM, Bocca-Tjeertes IF, de Winter AF, Reijneveld SA, Bos AF. Neonatal morbidities and
developmental delay in moderately preterm-born children. Pediatrics. 2012;130(2):e265-72.

17. Goel N, Shrestha S, Smith R, Mehta A, Ketty M, Muxworthy H, et al. Screening for early onset neonatal
sepsis: NICE guidance-based practice versus projected application of the Kaiser Permanente sepsis risk
calculator in the UK population. Arch Dis Child Fetal Neonatal Ed. 2020;105(2):118-22.

18. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. International standards
for newborn weight, length, and head circumference by gestational age and sex: the Newborn Cross-Sectional
Study of the INTERGROWTH-21st Project. Lancet. 2014;384(9946):857-68.

19. Murphy HR. 2020 NICE guideline update: Good news for pregnant women with type 1 diabetes and
past or current gestational diabetes. Diabet Med. 2021;38(6):e14576.

20. Webster K, Fishburn S, Maresh M, Findlay SC, Chappell LC, Guideline C. Diagnosis and management
of hypertension in pregnancy: summary of updated NICE guidance. BMJ. 2019;366:l5119.

21. Shah R, Harding J, Brown J, McKinlay C. Neonatal Glycaemia and Neurodevelopmental Outcomes: A
Systematic Review and Meta-Analysis. Neonatology. 2019;115(2):116-26.

6



P
os

te
d

on
31

M
ar

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

87
35

17
.7

46
20

92
3/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

22. McKinzie AH, Yang Z, Teal E, Daggy JK, Tepper RS, Quinney SK, et al. Are newborn outcomes different
for term babies who were exposed to antenatal corticosteroids? Am J Obstet Gynecol. 2021;225(5):536 e1-
e7.

23. Travers CP, Clark RH, Spitzer AR, Das A, Garite TJ, Carlo WA. Exposure to any antenatal corticoste-
roids and outcomes in preterm infants by gestational age: prospective cohort study. Bmj. 2017;356:j1039.

24. Sotiriadis A, Tsiami A, Papatheodorou S, Baschat AA, Sarafidis K, Makrydimas G. Neurodevelopmental
Outcome After a Single Course of Antenatal Steroids in Children Born Preterm: A Systematic Review and
Meta-analysis. Obstet Gynecol. 2015;125(6):1385-96.

25. Tsoi E, Akmal S, Geerts L, Jeffery B, Nicolaides KH. Sonographic measurement of cervical length and
fetal fibronectin testing in threatened preterm labor. Ultrasound Obstet Gynecol. 2006;27(4):368-72.

26. Ali H, Salama H, Robertson N, Olukade T, Al-Obaidly S, Al-Qubaisi M, et al. Antenatal corticosteroids
and short-term neonatal outcomes in term and near-term infants of diabetic mothers. Analysis of the Qatar
PEARL-peristat registry. J Perinat Med. 2021;49(3):377-82.

27. Paul R, Murugesh C, Chepulis L, Tamatea J, Wolmarans L. Should antenatal corticosteroids be conside-
red in women with gestational diabetes before planned late gestation caesarean section. Aust N Z J Obstet
Gynaecol. 2019;59(3):463-6.

28. Gupta K, Rajagopal R, King F, Simmons D. Complications of Antenatal Corticosteroids in Infants Born
by Early Term Scheduled Cesarean Section. Diabetes Care. 2020;43(4):906-8.

29. Krispin E, Hochberg A, Chen R, Wiznitzer A, Hadar E, Borovich A. Neonatal outcome in gestational-
diabetic mothers treated with antenatal corticosteroids delivering at the late preterm and term. Arch Gynecol
Obstet. 2018;298(4):689-95.

30. Tuohy JF, Bloomfield FH, Crowther CA, Harding JE. Maternal and neonatal glycaemic control after
antenatal corticosteroid administration in women with diabetes in pregnancy: A retrospective cohort study.
PLoS One. 2021;16(2):e0246175.

31. Tin W. Defining neonatal hypoglycaemia: a continuing debate. Semin Fetal Neonatal Med. 2014;19(1):27-
32.

32. Stomnaroska-Damcevski O, Petkovska E, Jancevska S, Danilovski D. Neonatal Hypoglycemia: A
Continuing Debate in Definition and Management. Pril (Makedon Akad Nauk Umet Odd Med Nauki).
2015;36(3):91-7.

33. Cornblath M, Hawdon JM, Williams AF, Aynsley-Green A, Ward-Platt MP, Schwartz R, et al.
Controversies regarding definition of neonatal hypoglycemia: suggested operational thresholds. Pediatrics.
2000;105(5):1141-5.

34. Hawdon JM. Identification and Management of Neonatal Hypoglycemia in the Full-Term Infant. British
Association of Perinatal Medicine Framework for Practice, 2017. J Hum Lact. 2019;35(3):521-3.

Table 1 Pregnancy characteristics according to antenatal corticosteroid exposure

No ACS exposure Group 1: ACS < 34 weeks Group 2: ACS [?] 34 weeks Group 2: ACS [?] 34 weeks

all Group 2a: ACS within 7 days of planned delivery
n = 19772 n = 143 n = 187 n = 106

Maternal age 31.09 (5.38) 30.54 (5.68) 32.50 (5.98) 33.11 (5.81)
Body mass index 25.61 (5.57) 25.17 (5.77) 26.86 (6.78) 27.24 (7.14)
Nulliparity 8818 (44.60) 47 (32.90) 52 (27.80) 23 (21.70)
Previous preterm delivery 740 (3.74) 13 (9.10) 33 (17.65) 16 (15.09)
Smoking 1918 (9.70) 21 (14.68) 31 (16.58) 17 (16.30)
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No ACS exposure Group 1: ACS < 34 weeks Group 2: ACS [?] 34 weeks Group 2: ACS [?] 34 weeks

Ethnicity Caucasian Afro-Caribbean Asian Mixed 17889 (91.27) 308 (1.56) 1136 (5.75) 280 (1.42) 131 (92.26) 3 (2.11) 6 (4.22) 2 (1.41) 162 (87.7) 4 (2.14) 16 (8.56) 3 (1.60) 95 (89.62) 2 (1.89) 7 (6.60) 2 (1.89)
Hypertensive disorders of pregnancy 527 (2.70) 4 (2.80) 22 (11.80) 15 (14.20)
Essential hypertension 574 (2.90) 7 (4.90) 13 (7.00) 10 (9.40)
Diabetes type 1 or type 2 77 (0.40) 1 (0.70) 16 (8.56) 14 (15.10)
Gestational diabetes 1146 (5.80) 13 (9.10) 26 (13.90) 13 (14.10)
Gestational age at corticosteroid exposure (days) - 212.54 (19.53) 256.69 (8.59) 259.50 (3.88)
Corticosteroid-to-birth interval (days) - 59.52 (22.21) 8.38 (11.47) 3.34 (1.75)
Gestational age at delivery (days) 280.36 (8.37) 272.06 (9.76) 265.07 (6.88) 269.84 (3.58)
Birthweight centile 62.30 (27.83) 54.16 (26.54) 52.61 (34.02) 46.93 (36.67)
Birthweight <10th centile 847 (4.28) 9 (6.29) 30 (16.04) 22 (20.75)
Planned caesarean delivery 1865 (9.43) 27 (18.88) 127 (67.91) 106 (100.00)

ACS = antenatal corticosteroid exposure; continuous variables are expressed as median (interquartile range)
and categorical variables are expressed as n (%).

Table 2 Pregnancy characteristics in neonates with or without severe hypoglycaemia

Severe hypoglycaemia
n = 227

No severe
hypoglycaemia n =
19875 p-value

Maternal age 31.54 (5.38) 31.10 (5.39) 0.22
Body mass index 29.49 (7.10) 25.58 (5.55) <0.001
Nulliparity 126 (55.5) 8786 (44.2) <0.001
Previous preterm
delivery

9 (4.0) 770 (3.9) 0.94

Smoking 18 (7.9) 1770 (8.9) 0.60
Ethnicity Caucasian
Others

205 (90.30) 22 (9.70) 18,004 (90.58) 1,868
(9.42)

0.99

Hypertensive disorders
of pregnancy

21 (9.3) 532 (2.7) <0.001

Essential hypertension 13 (5.7) 581 (2.9) 0.01
Diabetes type 1 or type
2

21 (9.3) 72 (0.4) <0.001

Gestational diabetes 39 (17.2) 1146 (5.8) <0.001
ACS exposure 23 (10.1) 307 (1.82) <0.001
Gestational age at ACS
administration (days)

243.74 (24.07) 237.09 (26.33) <0.001

Corticosteroid-to-birth
interval (days)

20.35 (27.52) 31.30 (30.63) <0.001

Gestational age at
delivery (days)

276.30 (11.25) 280.21 (8.48) <0.001

Birthweight centile 63.15 (34.79) 62.14 (27.81) 0.59
Birthweight <10th

centile
28 (12.33) 858 (4.32) <0.001

Planned caesarean
delivery

30 (13.2) 1989 (10.0) 0.11

ACS = antenatal corticosteroid exposure; continuous variables are expressed as median (interquartile range)
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and categorical variables are expressed as n (%).

Table 3 Relationship between antenatal corticosteroid exposure and neonatal outcomes follow-
ing adjustment for confounders

No ACS exposure

Group 1:

ACS < 34 weeks

Group 1:

ACS < 34 weeks

Group 1:

ACS < 34 weeks

Group 2:

ACS [?] 34 weeks

Group 2:

ACS [?] 34 weeks

Group 2:

ACS [?] 34 weeks

Group 2a: ACS within 7 days of planned delivery

Group 2a: ACS within 7 days of planned delivery

Group 2a: ACS within 7 days of planned delivery

No ACS exposure n = 19772

ACS before 34 weeks n = 143

Odds Ratio (95% CI)

Adjusted Odds Ratio* (95% CI)

ACS after 34 weeks n = 187

Odds Ratio (95% CI)

Adjusted Odds Ratio* (95% CI)

ACS [?] 7 days before delivery n = 106

Odds Ratio (95% CI)

Adjusted Odds Ratio* (95% CI)

Ventilation or CPAP

499 (2.52)

8 (5.59)

2.29 (1.12-4.70)

2.02 (0.97-4.21)

12 (6.40)
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2.65 (1.47-4.78)

1.52 (0.81-2.85)

7 (6.60)

2.69 (1.24-5.82)

1.58 (0.70-3.61)

Hypoglycaemia

204 (1.03)

6 (4.20)

4.20 (1.83-9.62)

3.26 (1.38-7.73)

17 (9.10)

9.59 (5.72-16.09)

4.56 (2.47-8.42)

10 (9.43)

9.49 (4.88-18.45)

5.70 (2.49-13.03)

ACS = antenatal corticosteroid exposure; CPAP = continuous positive airway pressure; * BMI, nulliparity,
hypertensive disorders in pregnancy, pre-existing diabetes, gestational diabetes, gestational age at delivery
and birthweight centile were adjusted for as confounders; planned caesarean delivery was a confounder for
groups 1 and 2 only.

Table 4 Relationship between antenatal corticosteroid exposure and neonatal outcomes in
pregnancies affected by diabetes following adjustment for confounders

No ACS exposure n = 1223

Group 1:

ACS < 34 weeks

Group 2:

ACS [?] 34 weeks

Group 2:

ACS [?] 34 weeks

Group 2:

ACS [?] 34 weeks

ACS before 34 weeks n = 13

ACS after 34 weeks n = 42

Odds Ratio (95% CI)

Adjusted Odds Ratio* (95% CI)

Ventilation or CPAP
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58 (4.7%)

0

6 (14.3%)

3.35 (1.36 – 8.26)

0.70 (0.24 – 2.00)

Hypoglycaemia

47 (3.8%)

0

13 (31%)

11.22 (5.48 – 22.96)

5.76 (2.28 – 14.52)

ACS = antenatal corticosteroid exposure; CPAP = continuous positive airway pressure; * BMI, nulliparity,
hypertensive disorders in pregnancy, pre-existing diabetes, gestational diabetes, gestational age at delivery,
birthweight centile and planned caesarean delivery were adjusted for as confounders.
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