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Abstract

Objective—In the antenatal late preterm steroids (ALPS) trial betamethasone significantly
decreased short-term neonatal respiratory morbidity but increased the risk of neonatal
hypoglycemia, diagnosed only categorically (<40 mg/dL). We sought to better characterize the
nature, duration, and treatment for hypoglycemia.

Study Design—Secondary analysis of infants from ALPS, a multicenter trial randomizing
women at risk for late preterm delivery to betamethasone or placebo. This study was a
reabstraction of all available charts from the parent trial, all of which were requested. Unreviewed
charts included those lost to follow-up or from sites not participating in the reabstraction. Duration
of hypoglycemia (<40 mg/dL), lowest value and treatment, if any, were assessed by group.
Measures of association and regression models were used where appropriate.

Results—Of 2,831 randomized, 2,609 (92.2%) were included. There were 387 (29.3%) and 223
(17.3%) with hypoglycemia in the betamethasone and placebo groups, respectively (relative risk
[RR]: 1.69, 95% confidence interval [CI]: 1.46-1.96). Hypoglycemia generally occurred in the
first 24 hours in both groups: 374/385 (97.1%) in the betamethasone group and 214/222 (96.4%)
in the placebo group (p =0.63). Of 387 neonates with hypoglycemia in the betamethasone group,
132 (34.1%) received treatment, while 73/223 (32.7%) received treatment in placebo group (p =
0.73). The lowest recorded blood sugar was similar between groups. Most hypoglycemia resolved
by 24 hours in both (93.0 vs. 89.3% in the betamethasone and placebo groups, respectively, p=
0.18). Among infants with hypoglycemia in the first 24 hours, the time to resolution was shorter
in the betamethasone group (2.80 [interquartile range: 2.03-7.03) vs. 3.74 (interquartile range:
2.15-15.08) hours; p=0.002]. Persistence for >72 hours was rare and similar in both groups, nine
(2.4%, betamethasone) and four (1.9%, placebo, p=0.18).
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Conclusion—In this cohort, hypoglycemia was transient and most received no treatment,
with a quicker resolution in the betamethasone group. Prolonged hypoglycemia was uncommon
irrespective of steroid exposure.

Keywords

late preterm; Antenatal corticosteroids; late preterm steroids; antenatal late preterm steroids;
hypoglycemia

Late preterm delivery, between 3497 and 36%/7 weeks of gestation, is associated with
increased neonatal morbidities compared with term delivery, with respiratory morbidity,
hyperbilirubinemia, and hypoglycemia being the most common.1-2 Late preterm birth is
a recognized risk factor for hypoglycemia due to immature glucose homeostasis, such
that the American Academy of Pediatrics includes this group, along with infants of
diabetic mothers and small or large for gestational age infants, in those that should be
screened for hypoglycemia at birth.3 In fact, neonatal rates of hypoglycemia after late
preterm birth have been reported to be as high at 80% in the first 24 hours of life.* The
concern with neonatal hypoglycemia stems from an association with increased adverse
neurodevelopment if persistent or prolonged.3 There is no single accepted definition of
persistent or prolonged hypoglycemia, nor is there an established threshold below which
adverse neurodevelopmental outcomes are common.>® Lower blood glucose levels after
birth are common in most mammals and may represent a unique aspect of their extrauterine
transitional physiology. Such hypoglycemia is often transient and nonpathologic.”-8

To address respiratory morbidity among infants born late preterm, the antenatal late preterm
steroids (ALPS) trial randomized women at risk for late preterm delivery to receive
betamethasone or a placebo, and investigators found that betamethasone given to women

at risk for late preterm delivery significantly decreased short-term respiratory morbidity.®
There was also an unexpected increase in the risk of neonatal hypoglycemia in the
betamethasone group, a finding that differed from prior steroid trials in which hypoglycemia
was assessed.210 Therefore, we chose to characterize further the extent, duration, and
treatment of hypoglycemia in neonates exposed to betamethasone versus placebo from the
ALPS trial.

Materials and Methods

This secondary analysis of neonates whose mothers were enrolled in the ALPS trial was
conducted by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network from October
2010 to February 2015.% Women at risk for late preterm delivery were randomized to
betamethasone or placebo. Hypoglycemia was defined as <40 mg/dL. Timing and method
of glucose measurement was at the discretion of each center; no further data were collected
in the original trial. The current study was a reabstraction of all available charts from

the parent trial, with a goal of assessing the lowest recorded glucose value, the duration
of hypoglycemia, and the treatment, if any, by parent trial treatment assignment. These
were not collected as part of the parent trial but became pertinent after our unexpected
finding related to hypoglycemia. Institutional review board (IRB) approval was obtained
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Results

at each participating clinical site and at the data coordinating center. Exclusions for the
current study were subjects lost to follow-up, and subjects recruited at 9 of the 32 sites
that were no longer part of the MFMU Network at the time of this study. The duration

of hypoglycemia was assessed for infants noted to have hypoglycemia in the first 24

hours of life. Treatment for hypoglycemia was characterized as none, intravenous (1V)
dextrose maintenance, 1V dextrose bolus, oral glucose gel, total parenteral nutrition with
dextrose, and other medication to treat refractory hypoglycemia. While information on
infant feeding was captured in the parent trial, it was not possible to ascertain whether
feeding was a specific treatment for hypoglycemia, and as such, this was not included

as a treatment. Prolonged, persistent hypoglycemia was defined as hypoglycemia which
persisted for =72 hours after birth.11 The lowest reported blood glucose concentration in
the infant’s hospital course was assessed. If a blood glucose was not recorded in the chart,
and the chart documented no neonatal complications, the neonate was coded as not having
hypoglycemia. We also evaluated the time to resolution, treatments, and time from last
dose to delivery in those with hypoglycemia. To analyze the lowest glucose measured per
randomization arm, we used multiple imputation to impute values reported as “less than” a
certain cut-off.12 Perinatal characteristics related to the development of hypoglycemia were
estimated by using multivariable regression models. A random selection of approximately
2% of reabstracted charts were again reabstracted by study subcommittee members to
ensure accuracy of the data. General estimating equations were used to test for differences
in characteristics between the total cohort and the subsample to control for subjects who
were members of both distributions. Chi-square, Fisher’s exact, and Wilcoxon’s rank-sum
tests were used as appropriate. Logistic regression models were used to test the association
between perinatal characteristics and neonatal hypoglycemia by treatment group. Nominal
two-sided p-values of less than 0.05 were considered to indicate statistical significance; no
adjustments were made for multiple comparisons.

Of 2,831 women included in the ALPS trial, 4 (0.1%) were lost to follow-up, 209 (7.4%)
were from nonparticipating sites, and 9 (0.3%) had missing charts (»Fig. 1), leaving 2,609
(92.2%) subjects available for analysis. Differences between the initial trial cohort and the
reabstraction cohort were noted in »Table 1. Of the 2,609 included in this study, there were
610 infants with hypoglycemia, 387 (29.3%) in the betamethasone group and 223 (17.3%) in
the placebo group (relative risk [RR]: 1.69, 95% confidence interval [CI]: 1.46-1.96).

Among the 610 infants with hypoglycemia, there was no statistical difference between
randomization groups in the time interval in which hypoglycemia was identified (p= 0.15,
»Table 2). Hypoglycemia occurred in the first 24 hours in the majority of both groups: 374
of 385 (97.1%) in the betamethasone group and 214 of 222 (96.4%) in the placebo group (p
= 0.63). To assess the lowest glucose value between groups, imputation was employed when
a value was listed as “less than” a certain number. This resulted in 11 imputed observations
in the betamethasone arm and 9 in the placebo arm. Nonetheless, the lowest recorded blood
sugar was similar between both groups (»Table 2). Median length of stay in a special

care nursery was shorter in betamethasone group (7 days [interquartile range {IQR]: 3-11])
vs. the placebo group (8 days [IQR: 4-12], p=0.01). There were two reported neonatal
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seizures, both in the placebo group. Of 387 infants with hypoglycemia in the betamethasone
group, 132 (34.1%) received a treatment, while 73 of 223 (32.7%) received treatment in the
placebo group (»Table 2). Because feeding as a treatment modality could not be assessed,
the most common treatment in this cohort was IV dextrose given either as a bolus or as
maintenance fluids, followed by total parenteral nutrition and oral glucose gel. Of the 108
women with both gestational diabetes and an infant with hypoglycemia, the frequency of
treatment for hypoglycemia was similar between betamethasone (58; 41.1%) and placebo
(50; 35.2%) groups, RR of 1.17 (95% CI: 0.87-1.57).

Among infants who developed hypoglycemia in the first 24 hours after birth, the time
interval categories in which hypoglycemia ended was similar between the betamethasone
and placebo groups with the majority resolved by 24 hours in both groups (p= 0.18,
»Table 3). However, comparing time to resolution between the two groups among infants
who developed hypoglycemia in the first 24 hours demonstrates that hypoglycemia resolved
sooner in the betamethasone group compared with the placebo group (p= 0.002, »Table 3)
and largely within the first 6 hours in the betamethasone group (™ Fig. 2).

We then assessed perinatal characteristics that were related to the development of neonatal
hypoglycemia in each treatment group. Because gestational age was of interest, gestational
age was added to the parsimonious models. In the betamethasone group, nonblack race
(odds ratio [OR]: 1.40, 95% CI: 1.06-1.85), gestational diabetes (OR: 1.80, 95% CI: 1.25-
2.59), and cesarean delivery (OR: 1.72, 95% ClI: 1.34-2.22) were associated with neonatal
hypoglycemia (»Table 4). Other neonatal characteristics associated with hypoglycemia are
listed in »Supplementary Table S1 (available in the online version). Associations were
similar in the placebo group, aside from race which was not associated with hypoglycemia
and chronic hypertension which was associated with hypoglycemia. Gestational age at
randomization was not associated with the development of hypoglycemia in either group.

Discussion

In this cohort of neonates born to mother enrolled in the ALPS trial, consistent with

our prior findings, we found a higher rate of hypoglycemia in the betamethasone group.
However, among neonates with hypoglycemia, the majority had a resolution by 24 hours,
and less than one percent had prolonged or persistent hypoglycemia. Neonates in the steroid
group also had a faster time to resolution of hypoglycemia compared with the placebo
group. These findings suggest that the majority of hypoglycemia in this cohort was transient
with a quick resolution.

Understanding the consequences of neonatal hypoglycemia is challenging because it is both
common and normally adaptive and yet can be associated with adverse neurodevelopment
if persistent or prolonged.3 Diminished neonatal cerebral glucose has been associated

with decreased cerebral oxygenation, though not consistently s0.6:13 This may provide the
explanation for and variability in adverse neurologic outcomes.® Further, the threshold to
define hypoglycemia is controversial, with some advocating for a definition of <30 mg/dL
and others suggesting increasing the threshold to 60 mg/dL.> Moreover, the timing of
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assessment for hypoglycemia is particularly relevant, as concentrations as low as 30 mg/dL
are common in the first 1 to 2 hours of life in healthy neonates.3:14

It is accepted that persistent and prolonged neonatal hypoglycemia can lead to neurologic
injury; however, the glucose concentration beneath which this injury occurs is not
defined.3:6:11.15 Clinical data suggestive of the association are difficult to interpret due to
differing definitions of hypoglycemia and incomplete information on duration.3 Therefore,
clinicians have developed a conservative threshold, generally below 36 and 45mg/dL, to
initiate treatment.3:6

The landmark study of antenatal betamethasone for neonatal respiratory distress syndrome
by Liggins and Howie assessed neonatal hypoglycemia.1? The majority of infants in this
study were delivered between 32 and 36 weeks, and blood glucose concentrations were
assessed three times daily for the first 3 days of life. There were no significant differences in
hypoglycemia by treatment assignment. These reassuring findings may explain why many of
the subsequent randomized clinical trials assessing antenatal corticosteroids did not include
hypoglycemia as a study outcome.16-19

Our study has several limitations. We were unable to reabstract data on hypoglycemia on
the full cohort, as one center and a few subsites either chose not to participate or were

no longer in the MFMU Network. The smaller sample size, without 100% abstraction,
explains the slight difference in estimates of hypoglycemia from the parent trial. However,
there is unlikely to be selection bias in the included subjects, both evidenced by the
comparison of the original to the included cohort in »Table 1 and because it was

entire sites rather than selected participants who were excluded. Further, the parent trial
randomization was stratified by center, such that exclusion of one center would not alter
the overall randomization scheme. The most common intervention for low neonatal blood
sugar, feeding, could not be assessed. However, because less than half of infants with
hypoglycemia required an 1V, we can likely conclude that feeding improved the blood
sugar in the untreated group. Our study also has several strengths. Over 90% of the initial
cohort had charts reabstracted and reviewed by a centralized committee that was blinded
to treatment allocation. The cohort is well characterized from a randomized clinical trial.
Finally, we were able to collect data regarding glucose concentrations and treatment based
on information in the neonatal charts.

Conclusion

In women at risk of late preterm birth, antenatal corticosteroid use was associated with
increased risk of hypoglycemia. However, hypoglycemia was transient, and mostly resolved
within the first 24 hours after birth, and resolved more rapidly in the betamethasone group.
The majority, two-thirds of hypoglycemic neonates required no treatment. Prolonged and
persistent hypoglycemia was uncommon irrespective of steroid exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
. Hypoglycemia received no treatment.
. Neonates in the ALPS trial who received betamethasone had a shorter time to
resolution than those with hypoglycemia in the placebo group.
. Prolonged hypoglycemia occurred in approximately 2 out of 100 late preterm

newborns, irrespective of antenatal steroid exposure.
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ALPS
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(n=2831)

Included (n=2618)

Excluded (n=213)
Lost to Follow up (n=4)

Sites not participating (n=209)

Charts available for
review(n=2609)

Missing Charts
(n=9)

Has glucose measurements
recorded (n=2243)

Glucose not recorded,
assumed to be normal
(n=366)

L

Glucose > 40
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PBO (n=223, 17.3%)

Fig. 1.

Patients included in the analysis.
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Time of Hypoglycemia Resolution by Treatment Group
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Fig. 2.

Time to resolution.
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Table 4

Perinatal characteristics associated with neonatal hypoglycemia

Characteristic

Betamethasone

>36 vs. <34 wk

>36 vs. <34 wk
35 vs. <34 wk

Non-black race vs. African American or black  1.40 (1.06-1.85)
Gestational diabetes vs. none 1.80 (1.25-2.59)
Cesarean vs. vaginal delivery 1.72 (1.34-2.22)

Gestational age at randomization

35 vs. <34 wk 0.75 (0.55-1.02)
Placebo
Gestational diabetes vs. none 2.68 (1.82-3.97)
Cesarean delivery vs. vaginal 1.44 (1.06-1.95)
Chronic hypertension vs. none 1.72 (1.14-2.60)

Gestational age at randomization

Odds ratio (95% CI)

0.96 (0.70-1.30)

1.26 (0.85-1.87)
1.38 (0.94-2.02)

Abbreviation: Cl, confidence interval.
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