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Abstract

Objective—To evaluate whether administration of antenatal late-preterm betamethasone is cost-
effective in the immediate neonatal period.

Study Design—Cost-effectiveness analysis of late-preterm betamethasone administration with a
time horizon of 7.5 days was conducted using a health-system perspective. Data for neonatal
outcomes, including respiratory distress syndrome (RDS), transient tachypnea of the newborn
(TTN), and hypoglycemia, were from the Antenatal Betamethasone for Women at Risk for Late
Preterm Delivery trial. Cost data were derived from the Healthcare Cost and Utilization Project
from the Agency for Healthcare Research and Quality, and utilities of neonatal outcomes were
from the literature. Outcomes were total costs in 2017 United States dollars and quality-adjusted
life-years (QALYs) for each individual infant as well as for a theoretical cohort of the 270,000
late-preterm infants born in 2015 in the United States.

Results—For an individual patient, compared to withholding betamethasone, administering
betamethasone incurred a higher total cost ($6,592 versus $6,265) and marginally lower QALY's
(0.02002 QALYS versus 0.02006 QALYs) within the studied time horizon. For the theoretical
cohort of 270,000 patients, administration of betamethasone was $88 million more expensive
($1,780 million versus $1,692 million) with lower QALY (5,402 QALY versus 5,416 QALYS),
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compared to withholding betamethasone. For administration of betamethasone to be cost-effective,
the rate of hypoglycemia, RDS, or TTN among late-preterm infants receiving betamethasone
would need to be less than 20.0%, 4.5%, and 2.4%, respectively.

Conclusion—Administration of betamethasone in the late-preterm period is likely not cost-
effective in the short-term.

Keywords

Late-preterm; betamethasone; hypoglycemia; respiratory distress syndrome; transient tachypnea of
the newborn

INTRODUCTION

Neonates born in the late-preterm (34&0/7 to 36&6/7 weeks gestation) period comprise the
majority of preterm births, and these neonates are at significant risk of respiratory and other
morbidities [1]. Recently, it was found that betamethasone decreases the rate of immediate
neonatal respiratory morbidity but increases the rate of neonatal hypoglycemia [2, 3].
Therefore, betamethasone administration in late-preterm pregnancies at risk of preterm
delivery is now standard of care in the United States but not in the United Kingdom [4, 5].
To date, there has been no cost-effectiveness analysis evaluating betamethasone
administration comparing the benefit of decreased respiratory complications against the risk
of increased hypoglycemia for late-term pregnancies that receive betamethasone. We
conducted a cost-effectiveness analysis comparing the costs, the risks (hypoglycemia), and
the benefits (reduced respiratory morbidity) of late-preterm betamethasone administration.
We hypothesized that in late-preterm pregnancies, in the short-term, administering
betamethasone would be cost-effective compared to withholding betamethasone.

METHODS

This cost-effectiveness analysis used a health-systems perspective to compare
betamethasone administration versus no betamethasone administration to patients at risk of
delivery in the late-preterm period. We used neonatal quality-adjusted life years (QALY) for
effectiveness, with the willingness-to-pay (WTP) threshold defined as $100,000/QALY [6].
We followed the recent recommendations in the Journal of the American Medical
Association regarding conduct and reporting of cost-effectiveness analyses [7].

We created a decision analytic model based on neonatal outcomes from the Antenatal
Betamethasone for Women at Risk for Late Preterm Delivery (ALPS) trial with a time
horizon of 7.5 days (median duration of neonatal admission in the trial) [2]. For neonatal
outcomes, we considered short-term respiratory morbidity defined as transient tachypnea of
the newborn (TTN), respiratory distress syndrome (RDS), and/or hypoglycemia (glucose
level less than 40 mg/dL at any time during the initial hospitalization after birth). We also
analyzed the cost-effectiveness of betamethasone administration using the ALPS trial’s
primary outcome (a composite of respiratory morbidity in the first 72 hours of life including
continuous positive airway pressure or high-flow nasal cannula for = 2 hours continuously,
oxygen with a fraction of inspired oxygen of at least 0.30 for = continuous 4 hours
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continuously, mechanical ventilation, extracorporeal membrane oxygenation, stillbirth, or
neonatal death) and severe respiratory morbidity composite (in the first 72 hours, continuous
positive airway pressure or high-flow nasal cannula for = 12 hours continuously or oxygen
with a fraction of inspired oxygen of at least 0.30 for = 24 hours continuously, mechanical
ventilation, extracorporeal membrane oxygenation, stillbirth, or neonatal death) [2]. Our
model considered outcomes on the individual-patient level and on a population-level, using a
theoretical cohort of 270,000 infants, which is the approximate number of late preterm births
in 2015 in the United States [8].

TreeAge Pro 2017 (TreeAge Software Inc, Williamstown, MA) was used to create our
decision analytic model. This study involved use of only published data and was therefore
exempt from Institutional Review board approval. Due to the short time horizon and the fact
that neonates were hospitalized regardless of whether or not they received antenatal
corticosteroids, we considered only the health care sector perspective and not a societal
perspective in the reference case analysis [7].

Probabilities, Costs, Utilities, and Effectiveness

Probabilities, costs, utilities, and effectiveness are shown Table 1. Probabilities were derived
from the ALPS trial [2]. We assumed women at risk of late preterm delivery would be
admitted for inpatient management of preterm labor, so we considered only the costs of
betamethasone ($169 for 24 mg) and neonatal medical care [9]. Cost data were derived from
the Healthcare Cost and Utilization Project from the Agency for Healthcare Research and
Quality and were based on a combination of median hospital costs from Medicare-Severity
Diagnosis Groups (DRG) and principal diagnoses from the 9t edition of the International
Classification of Diseases (ICD-9) (Table 1) [10]. We converted all costs to 2017 price level
using the medical component of the Consumer Price Index [11]. For a premature infant with
neither respiratory morbidity nor hypoglycemia, diagnosis-related group (DRG) 792
“prematurity without major problems” was used to approximate cost. For neonates with
hypoglycemia only, the cost of neonates discharged with ICD- 9 775.6 “neonatal
hypoglycemia” was used. For infants with RDS, the cost associated with ICD-9 code 769
“respiratory distress syndrome” was used. For TTN, ICD-9 code 770.6 (newborn transient
tachypnea) was used. Costs were added for the dual outcomes (RDS/hypoglycemia and
TTN/hypoglycemia) via a micro-costing technique.

Due to the impossibility of obtaining utilities from the neonatal perspective, we used
parental utilities derived from a well-validated study of over 4,000 parents as proxy
measures using the standard gamble method and assumed that parental utilities approximate
neonatal utilities [12]. For RDS we used the utility of a 10-day intensive care unit
hospitalization (0.87), for TTN we used a moderate allergic reaction (0.93), and for
hypoglycemia we used the utility of a 10-day hospitalization (0.94). For RDS with
hypoglycemia, we assumed the utility of the combined outcome would not be worse than
RDS alone and thus used the same utility value as RDS. For TTN with hypoglycemia, we
used the utility of a severe case of gastroenteritis (0.90) to account for the more intensive
care required for infants with both conditions. For a healthy infant we used a utility of a
healthy child (1.0) [12]. For all outcomes, we multiplied the utility value by our time horizon
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of 7.5 days, as the median length of stay in the trial was 7 days in the betamethasone group
and 8 days in the placebo group with no statistically significant difference between them
(p=0.20) [2]. To date there are no demonstrated differences in effectiveness in late-preterm
steroids at different gestational ages, so we did not stratify our model by gestational age [2].

We calculated the cost-effectiveness of betamethasone administration in the late-preterm
period on an individual level as well as based on a hypothetical cohort of 270,000 late-
preterm births. When applicable, the incremental cost-effectiveness ratio (ICER) was
calculated. ICER is a ratio of the difference in costs between two interventions and the
difference in effectiveness as measured by QALY's. We conducted several one-way
sensitivity analyses varying the costs and probabilities. A tornado diagram included multiple
such sensitivity analyses to assess which variables were most sensitive in our model. We also
conducted threshold analyses of costs and probabilities using net monetary benefit, defined
as (WTP x QALYS) - cost.

To ensure comparability with the outcomes of the ALPS trial, we also considered the
primary outcome of the ALPS trial itself, a composite of respiratory morbidity [2]. Because
the costs and utilities associated with this composite outcome are unknown, we conducted a
sensitivity analysis with a range of costs from that of TTN to RDS and a range of utilities
from that of RDS to TTN. In a similar manner, we analyzed the cost-effectiveness of
betamethasone administration using the severe respiratory complication composite from the
ALPS trial [2].

We found that betamethasone administration had slightly higher cost and marginally less
effectiveness for short-term outcomes than withholding betamethasone. For an individual
patient, compared to withholding betamethasone, betamethasone administration was more
costly ($6,592 versus $6,266) but slightly less effective [7.31 quality-adjusted days (0.02002
QALY) versus 7.32 quality-adjusted days (0.02006 QALY)]. Table 2 describes the
prevalence of adverse neonatal outcomes as well as cost and QALY for the theoretical
population of 270,000 late-preterm infants. In this cohort, betamethasone administration
would decrease the incidence of RDS by 3,420 and TTN by 8,973 but increase the incidence
of neonatal hypoglycemia by 22,995 cases annually. Compared to withholding
betamethasone, betamethasone administration was associated with a higher cost ($1,780
million versus $1,692 million) and less effectiveness (5,405 QALYSs versus 5,416 QALYS).
Thus, withholding betamethasone dominated betamethasone administration and was cost-
saving, i.e. less costly and more effective. Of note, even if betamethasone were provided
free-of-charge (i.e., $0 cost for medication administration), withholding administration was
still more effective and less costly.

The cost of treatment of hypoglycemia, TTN, and RDS had the biggest impact on the cost-
effectiveness outcomes. For the threshold analyses, betamethasone administration became
cost-effective if the probability of RDS, TTN, or hypoglycemia with betamethasone
administration declined to 4.5%, 2.4%, or 20%, respectively (Figure 1, Panel A and B,
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respectively). Further threshold analyses suggested that betamethasone administration
became cost-effective if the cost of treating RDS exceeded $92,144, if the cost of treating
TTN exceeded $67,144, or if the cost of treating hypoglycemia was below $6,067 (Figure 1,
Panel C, D, and E, respectively).

When we considered the primary composite outcome of the ALPS trial, withholding
betamethasone became less costly until the cost of the composite outcome reached $32,860.
Withholding betamethasone became more effective if the QALY of the composite outcome
was lower than 0.017; given the QALY used in our model for RDS was 0.018, it is unlikely
that the composite outcome would have a lower QALY than RDS alone. Finally, in the
model considering the severe respiratory morbidity composite outcome of ALPS trial,
withholding betamethasone became less costly until the cost of the composite outcome
exceeded $23,396. Withholding betamethasone was more effective until the QALY of the
composite outcome was below 0.018 QALY, which is the QALY utilized in our model for
RDS.

DISCUSSION

Although betamethasone administration has become routine for late-preterm pregnancies at
risk of imminent delivery in the United States, our analysis suggests this practice may not be
cost-effective in the immediate neonatal period due to the increased rate of hypoglycemia
seen with betamethasone administration and the relatively low rate of respiratory morbidity
at this gestational age.

There has been only one published paper on the cost-effectiveness analysis of late-preterm
betamethasone, which found betamethasone administration to be cost-effective in the long-
term [13]. However, the prior study was limited in that there is no evidence that
betamethasone-administration changes childhood outcomes in the long-term [14]. In
particular, antenatal corticosteroid exposure has not been shown to reduce the incidence of
chronic lung disease, which was one of the main outcomes of the previous cost-effectiveness
analysis [13, 14]. Although late-prematurity is a risk factor for later pulmonary disease
including asthma, wheeze, and chronic obstructive pulmonary disease, this risk appears to be
independent of neonatal respiratory outcomes other than bronchopulmonary dysplasia and
has not been shown to be affected by antenatal steroid administration [15-17]. Notably in
the ALPS trial the rate of bronchopulmonary dysplasia was significantly lower in neonates
who received corticosteroids (0.1% vs. 0.6%) but the absolute risk was very small in either
case [2]. In fact, although there is no evidence that antenatal corticosteroids affect long term
outcomes in children born late-preterm, there is evidence that hypoglycemia does [18]. For
instance, hypoglycemia is the only independent risk factor for neurodevelopmental delay in
childhood for children born moderately preterm [18]. Therefore, since the benefit of
antenatal corticosteroids is in the short-term, this represents the most appropriate time-
horizon for a cost-effectiveness analysis. Of note, a recently published conference abstract
provided cost data from the ALPS trial and concluded that betamethasone administration
was less costly than withholding it [19]. However, the cost of hypoglycemia treatment was
not included [19].
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Our threshold analyses suggest that the probabilities of RDS and hypoglycemia after
betamethasone administration could, based on published studies, realistically cross the
thresholds for making betamethasone administration cost-effective, but that the model is
relatively insensitive to the probability of TTN [2, 20, 21]. Betamethasone would only
become cost-effective if the probability of hypoglycemia in betamethasone-treated infants
was lower than 20%, compared to the 24% seen in the ALPS trial. The only study reporting
rates of hypoglycemia after betamethasone in the late-preterm period reported a non-
statistically significant hypoglycemia rate of 7% in infants exposed to placebo compared to
11% in infants exposed to betamethasone, which was much lower than the threshold
required to make betamethasone administration the more cost-effective option in our model
[20].

Our study has multiple strengths. First, the probability data used in our model were derived
from a recent multi-center randomized trial [2]. Second, our cost estimates are based on
robust national data, and are supported by other studies [22, 23]. Third, instead of utilizing a
composite primary outcome of varying clinical significance, our model utilized specific
clinical diagnoses, which increases the clinical significance of our model [24]. Finally, we
included the outcome of hypoglycemia, which was not included in the previous analyses
[13, 19]. Although the ALPS trial authors note that hypoglycemia was not associated with
any “adverse events,” there is still a cost for hypoglycemia monitoring and treatment that
must be considered. We acknowledge that hypoglycemia was a secondary outcome in the
trial, and therefore our results should be interpreted with some caution. However, much like
respiratory distress, neonatal hypoglycemia may not be a benign condition—for treatment,
infants require a higher-level of pediatric care with frequent blood glucose measurements,
and many need intravenous therapy [25]. Furthermore, even if treated, neonatal
hypoglycemia may be associated with an increased risk of long-term neonatal neurologic
sequelae [26-28].

Our study does have some limitations to consider. First, our effectiveness outcome was
QALYs, but there are no neonatal utility data available. Though other cost-effectiveness
studies on neonatal outcomes rely on assumed utilities based on clinical opinion, we chose
to use parental utilities as a surrogate measure for clinically similar neonatal outcomes [12,
29]. Second, we used a time period of 7.5 days based on the ALPS trial data suggesting a
median length of stay between 7 and 8 days; however, this time horizon in our initial model
may not have accounted for the risk of prolonged hospitalizations for some infants [2].
However, the costs are global costs for the diagnoses, incorporating the average lengths of
stay. Third, although there may theoretically be differential effects of betamethasone at
different gestational ages across the late-preterm period, this has not been demonstrated, and
so we did not account for this possibility [2]. Because respiratory morbidity is known to
decrease with increasing gestational age over the late preterm period [1], further analyses
should consider specific gestational age ranges. Fourth, our cost data are based on principal
discharge diagnoses of RDS, TTN, or hypoglycemia. It is possible that our cost data
overestimates or underestimates the actual cost of treatment of late-preterm infants because
infants who did not have the principal discharge diagnoses of these conditions would not
have been included in cost estimates. Fifth, we did not consider the impact of a partial
course of betamethasone administration on neonatal outcomes. Finally, we considered the
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maternal cost only as the cost of the medication without accounting for administration cost.
Notably, 76.5% of patients in ALPS had diagnoses that are routinely managed with inpatient
admission (preterm labor with intact membranes, ruptured membranes, or expected delivery
for hypertensive disorder) [2]. Patients who received betamethasone in the outpatient setting
would occur additional costs of a specific outpatient visit, which would further decrease the
cost-effectiveness of this intervention.

There is no doubt that infants born in the late-preterm period suffer more morbidity than
infants born at term, and that betamethasone administration is associated with decreased
rates of neonatal morbidity when given prior to 33 weeks and 6/7 days gestation [30-32].
Though ACOG now recommends betamethasone administration to all eligible late-preterm
pregnancies at risk of imminent delivery, the economic advantage of betamethasone at this
gestational age is still unclear [4]. Indeed some experts have urged caution before
widespread adoption of this intervention [33, 34, 35]. Further research is needed.
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Table 1:
Model Inputs
Outcome Probability? cost 20179)° | utitity® | QaLyd
With BMZh Without BMZ

Overall RDS® 0.0552 0.064
overall TTNT 0.067 0.099
Overall Hypoglycemia? 0.24 0.15
RDS without hypoglycemiae 0.042 0.054 35,813 0.87 0.018
TTN without hypoglycemia f 0.051 0.084 9,292 0.93 0.019
Hypoglycemia without respiratory morbidityg 0.21 0.13 9,733 0.94 0.019
RDS and hypoglycemia 0.013 0.0096 45,545 0.87 0.018
TTN and hypoglycemia 0.016 0.015 19,025 0.90 0.018
No adverse outcome 0.67 0.71 2,240 1 0.021

a
source 2

b'.source 10, For patients who received BMZ $169 was added to the cost to account for the cost of the medication.

o
source 12

a . . .
quality-adjusted life-year source

e . .
respiratory distress syndrome

.
transient tachypnea of the newborn

g’ﬁefined as blood glucose measurement of <40 mg/dL at any time during the initial hospitalization after birth

h:
betamethasone
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Results per 270,000 Births

Table 2:

Effectiveness (QALY)Y

Betamethasone Administration | No Betamethasone Administration | Difference
Qutcome (n of cases)
RDS alone? 11,286 14,688 -3,420
TN aloneb 13,748 22,721 -8,973
Hypoglycemia alone® 56,804 33,899 22,995
RDS and hypoglycemia 3,564 2,592 972
TTN and hypoglycemia 4,342 4,009 333
No adverse outcome 180,166 192,091 -11,925
Cost (in millions of 2017$) | $1,780 $1,692 $88
5,405 5,416 -11

a. . .
respiratory distress syndrome

b .
transient tachypnea of the newborn

c"defined as blood glucose measurement of <40 mg/dL at any time during the initial hospitalization after birth

d'.quality-adjusted life-years
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