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Abstract
Rationale: Antenatal glucocorticoids are associated with improved outcomes in preterm infants, but their role is
unclear in term of offspring of high-risk pregnancies. For example, antenatal glucocorticoid administration in
mothers with type 1 diabetes (T1D) in pregnancy has been reported to increase neonatal hypoglycemia risk, a
common complication in this population. Both neonatal hypoglycemia and its cause, neonatal hyperinsulinism,
may have chronic consequences on offspring neurological and cardiometabolic function. Objective: We aimed
to assess the impact of antenatal glucocorticoid administration upon neonatal hypoglycemia risk and
hyperinsulinism (assessed using cord blood C-peptide) in T1D pregnancy. Methods: We used data from the
CONCEPTT randomized controlled trial of continuous glucose monitoring in pregnant women with T1D.
Antenatal glucocorticoid administration was not randomised but given according to local protocols for
perceived clinical need. C-peptide was measured in cord blood using an immunoassay. Results: Infants
exposed to antenatal glucocorticoids had increased rates of neonatal complications, as expected, which were
mostly explained by differences in gestational age at delivery. However, associations with elevated cord blood
C-peptide, a marker of offspring hyperinsulinism, remained significant despite adjustment for gestational age
and maternal hyperglycemia. Conclusions: Further assessment of risks and benefit of antenatal glucocorticoid
administration in T1D pregnancy is warranted.
Keywords: Type 1 diabetes; pregnancy; antenatal glucocorticoids; neonatal hypoglycemia; Cord C-peptide;
hyperinsulinism; perinatal complications.
INTRODUCTION
Offspring of pregnant women with type 1 diabetes (T1D)
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are at increased risk of neonatal hypoglycemia,
attributable to fetal hyperinsulinism, with adverse
consequences upon future cardiometabolic health (Feig
et al., 2017; Zhang et al., 2018). Antenatal glucocorticoids

Table 1. Associations of antenatal glucocorticoid exposure with neonatal outcomes using unadjusted and
adjusted linear/logistic regression. Model 1 includes unadjusted data. Model 2 included data which had been
adjusted for gestational age at birth (based on estimated delivery date derived from ultrasound assessment at
each study site). Model 3 is a fully adjusted model, and included gestational age, maternal third trimester
glycemia (based on glucose time in range derived from continuous glucose monitoring at 34 weeks gestation),
maternal age, ethnicity, BMI, education level (post-secondary school), parity (primiparous/multiparous), neonatal
sex, and Caesarean delivery. Antenatal glucocorticoids are given to women considered at high risk of preterm
delivery, and as expected, exposure is associated with increased risks of many complications. However, almost
all of these complications reflect differences in gestational age at birth (i.e. antenatal glucocorticoids do not
appear to increase the risk of complications such as neonatal hypoglycemia). In the fully adjusted model, only
cord blood C-peptide, a marker for neonatal hyperinsulinism, is significantly increased in the offspring exposed to
antenatal glucocorticoids. BMI: body mass index. CI: confidence intervals. Coeff: coefficient. NICU: neonatal
intensive care unit. OR: odds ratio. NICU: neonatal intensive care unit. T1DM: type 1 diabetes mellitus.
Model 1
Unadjusted

OR (95% CI)
1.58 (0.45 to 5.52)
2.20 (1.06 to 4.59)*;
p=0.035
NICU admission
2.34 (1.15 to 4.74)*;
p=0.019
Hyperbilirubinemia
3.72 (1.75 to 7.88)**;
p=0.001
Coefficient (95% CI)
Cord blood C-peptide
0.81 (0.46 to 1.16)***;
p<0.001
Neonatal Length of Stay
2.72 (0.75 to 4.70)**;
p=0.007
* p<0.05; **p<0.01; *** p<0.001
Respiratory Distress
Neonatal hypoglycemia

reduce neonatal morbidity in preterm infants (GyamfiBannerman et al., 2016). However, previous work has
demonstrated
associations
between
antenatal
glucocorticoid administration and increased neonatal
hypoglycemia risk (Gyamfi-Bannerman et al., 2016). This
is concerning in pregnancies affected by T1D, where
rates of neonatal hypoglycemia are already elevated. We
examined the impact of antenatal glucocorticoid exposure
in T1D pregnancy upon neonatal outcomes and
hyperinsulinism, quantified using cord C-peptide, to
address the hypothesis that glucocorticoid exposure
increases neonatal hypoglycemia rates.
METHODS
We used data from the CONCEPTT trial (Continuous
glucose monitoring in pregnant women with T1D)
described elsewhere (Feig et al., 2017). We included
176/225 (78.2%) women in this analysis with details of
antenatal glucocorticoid administration, given according
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Model 2
Adjusted for gestation
at birth

Model 3
Fully Adjusted

OR (95% CI)
0.62 (0.14 to 2.81)
1.27 (0.54 to 2.94)

OR (95% CI)
0.67 (0.10 to 4.36)
0.55 (0.18 to 1.67)

0.81 (0.33 to 1.95)

0.50 (0.16 to 1.52)

1.93 (0.82 to 4.54)

2.88 (0.83 to 10.08)

Coefficient (95% CI)
0.64 (0.25 to 1.04)**;
p=0.002
-1.33 (-1.09 to 0.43)

Coefficient (95% CI)
0.54 (0.07 to 1.00)*;
p=0.025
-1.27 (-3.36 to 0.82)

to local clinical protocols for perceived clinical need (no
timing/dose details available). Cord C-peptide was
measured using Dynacare turbidimetric inhibition
immunoassay for C-Peptide using a Siemens Immulite
2000
platform.
Regression
analysis
assessed
associations between glucocorticoid exposure and
pregnancy outcomes (table 1).
RESULTS
Women
with
antenatal
glucocorticoid
exposure
(n=43/176; 24.4%) had similar characteristics and
glycemia to unexposed women but they had more
Caesarean sections (38/43(88%) vs 78/133(60%),
p=0.001), preterm births (32/43(74%) vs 38/133(29%),
p<0.001), and higher rates of neonatal hypoglycemia
(17/43(40%)
vs
30/133(23%),
p=0.033),
hyperbilirubinemia
(19/43(44%)
vs
23/133(18%),
p<0.001), neonatal intensive care admissions >24hr
(21/43(49%) vs 30/133(29%), p=0.017) and higher median

cord C-peptide (1934 vs 880 pmol/l; p<0.001;
unadjusted).
Associations
between
glucocorticoid
exposure and neonatal complications were not significant
after adjustment for gestational age at birth (Table 1).
However, cord C-peptide concentrations remained
significantly higher in exposed neonates (Coeff 0.64;
95%CI 0.25- 1.04; p=0.002), both preterm (<37 weeks;
Coeff 0.59; 95%CI 0.03- 1.15; p=0.038) and term
offspring (>37 weeks; Coeff 0.67; 95%CI 0.04-1.29;
p=0.037).
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DISCUSSION

Given known associations between elevated cord blood
C-peptide and future cardiometabolic health, (Brunner et
al., 2013, Zhang et al., 2018), further assessment of risks
and benefits of glucocorticoid administration in T1D
pregnancy may be warranted.
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Associations between antenatal glucocorticoid exposure
and neonatal complications were explained by
differences in gestational age at birth; except increased
cord C-peptide, which persisted after adjustment for
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may reflect unquantified differences in materno-fetal
characteristics,
glucocorticoid-induced
maternal
hyperglycemia, or the direct influence of glucocorticoids
on fetal metabolism.
CONCLUSIONS

Funding
The CONCEPTT trial is funded by Juvenile Diabetes
Research Foundation (JDRF) grants #17‐2011‐533, and
grants under the JDRF Canadian Clinical Trial Network, a
public‐private partnership including JDRF and FedDev
Ontario and supported by JDRF #80‐2010‐585.
Medtronic supplied the CGM sensors and CGM systems
at reduced cost.
HRM conducts independent research supported by the
National Institute for Health Research (Career

3

REFERENCES
Brunner S, Schmid D, Huttinger K, Much D, Heimberg E,
Sedlmeier EM, Bruderl M, Kratzsch J, Bader BL,
Amann-Gassner U, Hauner H (2013). Maternal insulin
resistance, triglycerides and cord blood insulin in
relation to post-natal weight trajectories and body
composition in the offspring up to 2 years. Diabet Med.
30:1500-7.

Feig DS, Donovan LE, Corcoy R, Murphy KE, Amiel SA,
Hunt KF, Asztalos E, Barrett JFR, Sanchez JJ, De
Leiva A, Hod M, Jovanovic L, Keely E, McManus R,
Hutton EK, Meek CL, Stewart ZA, Wysocki T, O’Brien
R, Ruedy K, Kollman C, Tomlinson G, Murphy HR.
(2017). Continuous glucose monitoring in pregnant
women with type 1 diabetes (CONCEPTT): a
multicentre international randomised controlled trial.
Lancet. 390: 2347-2359.
Gyamfi-Bannerman C, Thom EA, Blackwell SC, Tita AT,
Reddy UM, Saade GR, Rouse DJ, McKenna DS, Clark

4

EA, Thorp JM Jr, Chien EK, Peaceman AM, Gibbs RS,
Swamy GK, Norton ME, Casey BM, Caritis SN, Tolosa
JE, Sorokin Y, VanDorsten JP, Jain L; NICHD
Maternal–Fetal Medicine Units Network. (2016).
Antenatal Betamethasone for Women at Risk for Late
Preterm Delivery. N Engl J Med. 374(14):1311-20.
Zhang DL, Du Q, Djemli A, Julien P, Fraser WD, Luo ZC.
Cord blood insulin, IGF-I, IGF-II, leptin, adiponectin and
ghrelin, and their associations with insulin sensitivity, βcell function and adiposity in infancy. (2018). Diabet
Med. 35(10):1412-1419.

