
Effect of prenatal glucocorticoid treatment on size at birth among
infants born at term gestation

EP Davis1,2, F Waffarn2, C Uy2, CJ Hobel3, LM Glynn1, and CA Sandman1
1 Department of Psychiatry and Human Behavior, University of California, Irvine, Orange, CA, USA
2 Department of Pediatrics, University of California, Irvine, Orange, CA, USA
3 Maternal Fetal Medicine, Cedars Sinai, Los Angeles, CA, USA

Abstract
Objective—To determine whether prenatal treatment with a single course of glucocorticoids (GCs)
affects size at birth among full-term infants independent of fetal size before GC administration or
exposure to preterm labor (PTL).

Study Design—In all, 105 full-term infants were recruited into three study groups (30 GC treated;
60 controls matched for gestational age (GA) at birth and sex; and 15 PTL controls without GC
exposure). Size of the infants was estimated before treatment using two-dimensional (2D) ultrasound
and by direct measurement at birth.

Results—Length, weight and head circumference at birth were smaller among GC-treated infants
compared with matched controls (P’s<0.01), although fetal size did not differ before treatment
(P’s>0.2). Exposure to PTL did not account for this effect.

Conclusions—Prenatal treatment with a single course of GCs was associated with a reduction in
size at birth among infants born at term gestation. This effect cannot be explained by differences in
fetal size before treatment or exposure to PTL.
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Introduction
Following the National Institutes of Health (NIH) consensus statement in 1995, endorsing the
use of prenatal glucocorticoid (GC) administration to accelerate fetal lung maturation,1 there
was a steady increase in the use of this intervention for mothers at risk of preterm delivery.
Evidence has shown that treatment with GCs decreases respiratory distress syndrome and
increases survival among infants born preterm.2 Given these clear benefits for preterm infants,
it is widely acknowledged that the benefits outweigh the associated risks. As a result prenatal
GC therapy is now considered to be the standard of care for women who are at risk of preterm
delivery. In fact, a common quality of care indicator used in birthing hospitals in North America
and Europe is the proportion of women admitted for preterm labor (PTL) who receive prenatal
GC treatment. As the clinical diagnosis of PTL is imprecise and because preterm delivery may
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be prevented with clinical interventions, over one-third of the women diagnosed as being in
PTL deliver at term.3 Further, there is evidence that the exposure of full-term infants to prenatal
GCs is on the rise.4

Findings from animal models have consistently demonstrated that a primary negative
consequence of prenatal exposure to excess GCs is reduced size at birth.5–9 Further, such
exposure appears to exert a programming influence on development with persisting
consequences, including increased blood pressure and glucose intolerance in adulthood.10–
12 Studies evaluating the effect of prenatal GC therapy on somatic growth among humans have
focused on preterm infants and yielded conflicting results. Although some studies show
reduced size at birth,13–16 others show no effect of treatment.17 Consideration of the
consequences of prenatal GC treatment on infants born at term gestation is important for the
following reasons. First, existing studies evaluating the effects of prenatal GCs for size at birth
are complicated by the fact that most of the infants studied were born before 37 weeks of
gestation and were, therefore, already at risk for delayed growth and development. For
example, data indicate that fetal growth is suppressed as early as the first trimester in
pregnancies that subsequently deliver preterm.18 All of the studies showing no effect of
prenatal GC therapy on fetal growth have included preterm infants. Second, for many infants
born preterm there is only a short time interval between GC treatment and delivery that limits
the ability to observe effects on size at birth.19 For example, if a preterm infant is born shortly
after GC treatment, even if growth is affected, birth size would not be reduced. One published
study reported that prenatal GC therapy administered to infants subsequently born at term, was
associated with reduced size at birth.20 However, this study did not examine whether there
were differences in fetal size before GC treatment or if exposure to PTL affected growth.

The goal of this study is to determine whether treatment with a single course of prenatal GCs
is associated with size at birth among infants born at term gestation. We first compared full-
term GC-treated infants to a comparison group of infants born at term gestation and matched
for sex and gestational age (GA) at birth. Analyses were performed to assess the influence of
fetal size before the administration of GCs and the effects of exposure to PTL.

Methods
Participants

The Institutional Review Board for protection of human subjects at the University of California,
Irvine, approved the study protocol. Mother–infant pairs were recruited into a longitudinal
study designed to examine the consequences of prenatal GC treatment on infant development.
Written and informed consent was obtained before study enrollment. Inclusion criteria for these
analyses were as follows: birth at term (>37 weeks’ GA), singleton status and admission to the
normal newborn nursery. Exclusion criteria were chromosomal or other congenital anomalies
(e.g., trisomy 21), congenital infections and major neonatal illness (e.g., sepsis), as well as
maternal disorders during pregnancy requiring corticosteroid treatment or thyroid medication,
and an evidence of smoking during the prenatal period (based on maternal report) or an
evidence of maternal substance use during pregnancy (e.g., alcohol). Eighty-five percent of
the women approached agreed to participate in this study.

The study sample comprized 105 full-term infants born at the University of California, Irvine
Medical Center, and were recruited into three groups. The GC group included 30 full-term
infants (20 female) whose mothers received prenatal treatment with a single course of the GC,
betamethasone (12 mg per dose for 2 doses 24 h apart). In this cohort the first dose of
betamethasone was given between 25 and 34 weeks’ GA (mean GA at administration = 29.5
(2.9) weeks). The primary indication for prenatal GC administration was PTL (87%). PTL was
defined based on the diagnosis by the attending obstetrician and when indicated in the chart.
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PTL was diagnosed by the attending obstetrician based on the following factors: cervical
change over time, bloody show, cervical effacement and/or dilation and rupture of membranes.
Other associated factors included placenta previa and prolonged premature rupture of
membranes. The first comparison group (matched controls) consisted of 60 normal full-term
infants without prenatal GC treatment or PTL (40 female) matched by GA at birth and sex to
the prenatal GC-treated group. The second comparison group (PTL) comprized 15 full-term
infants (10 female) whose mothers experienced documented PTL, as diagnosed by the
attending obstetrician and delivered at term, but did not receive GCs. The GC group was
recruited consecutively. Infants in the comparison groups were infants born concurrently with
the target group who met the inclusion criteria for the relevant comparison group. To create a
more stable characterization of size at birth among unexposed infants, two no-treatment
controls were matched with each infant in the target group.

Procedures
The primary outcome variables, neonatal length, weight and head circumference at birth, were
obtained from birth records. All infants were measured shortly after birth as part of their initial
evaluation and standardized physical examination. The newborn infant was weighed, without
any clothing, on an electronic scale, which was calibrated before each use. The infant was then
immediately transferred to a radiant heat warmer, where the head circumference and length in
centimeters was obtained using a disposable tape measure. All measurements were then noted
on the infant’s admission chart. These data were abstracted from the infant’s medical records
for the purpose of this investigation. Birth weight percentiles were determined based on data
normalized for GA at birth and sex.21 Maternal medical records were reviewed to abstract
information pertaining to birth, pregnancy characteristics and demographic data. In a subset
of participants (75%), prenatal records were available for the assessment of fetal size (biparietal
diameter, head circumference, femur length, abdominal circumference and estimated fetal
weight) as determined by the routine two-dimensional (2D) ultrasound conducted between 16
and 22 weeks’ GA.22

Statistical analyses
Preliminary analyses were performed to determine if groups differed on demographic or
medical characteristics. Significant group differences were included as covariates in
subsequent analyses. Analysis of covariance (ANCOVA) was used to address the primary
study question of whether size at birth differed between the GC group and the matched controls.
Linear regression was used to determine effects of timing of exposure to prenatal GCs.
Additional analysis of covariances were carried out to evaluate fetal size before the
administration of GCs and to compare the PTL group to the GC group and the matched controls.

Results
Demographics

As shown in Table 1, the prenatal GC treatment and matched control groups did not
significantly differ in GA at birth, Apgar scores, mode of delivery, maternal age, parity, type
of medical insurance as a proxy for socioeconomic status (SES) and GA at first prenatal visit.
The difference in the number of Hispanic infants in the three groups approached a statistical
significance (P = 0.07). Race/ethnicity was entered as a covariate in all subsequent analyses.

Is prenatal treatment with a single course of GCs associated with size at birth among infants
born at term gestation?

As shown in Table 2, prenatal GC-treated infants were significantly smaller at birth (both raw
data and Z-scores) than controls matched for GA and sex in length (P<0.001), weight
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(P<0.001), birth weight percentile (P<0.001) and head circumference (P<0.01). Prenatal GC
treatment accounted for 20% of the variance in length, 16% in weight, 14% in birth weight
percentile and 12% in head circumference. Prenatal GC-treated infants were not significantly
more likely to have birth weights below the 10th percentile (P = 0.26).

Does timing of prenatal GC treatment moderate the association between GC exposure and
size at birth?

Gestational age at GC administration was significantly associated with infant size at birth. Fetal
exposure to prenatal GCs earlier in gestation was associated with a significantly greater
decrease in body length (P<0.05) and a non-significant trend for a greater decrease in birth
weight (P = 0.10). No association was found between timing of administration and head
circumference (P = 0.36).

Possible alternative hypotheses
These data suggest that prenatal treatment with a single course of GCs is associated with
decreased fetal growth. We performed two additional sets of analyses to rule out alternative
explanations for these findings.

Hypothesis 1: fetal size differed before exposure to prenatal GCs—To evaluate
pre-existing differences in fetal size among the groups, we examined the two-dimensional
ultrasound data collected between 16 and 22 weeks’ GA, as part of mother’s routine prenatal
care. The groups with and without ultrasound data did not significantly differ in any of the
birth outcome measures or GA at birth, mode of delivery, sex, maternal age at delivery, race/
ethnicity, parity and type of medical insurance or GA estimate at their first prenatal visit (all
P’s>0.2).

Fetal GA at the time of fetal ultrasound did not differ between the study groups (P = 0.34).
The prenatal GC group did not differ from the matched control group on estimated fetal weight
or any other growth parameter (all P’s>0.3; Table 3). These data demonstrate that fetal size
was not different among the groups before the administration of GCs to the treatment group.

Analyses evaluating the effect of prenatal GC treatment on birth outcome were repeated with
the subgroup of study participants (n = 79) for whom prenatal ultrasound data was available.
The pattern of results was identical to the findings in the complete sample. Specifically, at
birth, length (47.5 vs 49.5 cm), weight (2914.7 vs 3375.6 g.), head circumference (33.2 vs 34.4
cm) and birth weight percentile (31.2 vs 54.6%) were smaller in the GC group when compared
to the matched control group (P’s<0.01), despite the absence of differences before prenatal
GC exposure.

Hypothesis 2: group differences are due to exposure to PTL—To examine whether
exposure to PTL accounted for these group differences, we recruited an additional 15 infants
whose mothers had documented PTL and delivered at term, but did not receive GC treatment.
Demographic information was not significantly different between the groups (Table 1).
Furthermore, as shown in Table 2, the PTL group did not differ from the matched control group,
born at term without exposure to prenatal GCs or PTL, on any of the birth outcome measures
(all P’s>0.3). It should be noted that the prenatal GC group was significantly smaller in terms
of birth weight (P<0.01), length (P<0.01) and birth weight percentile (P<0.01), but not head
circumference (P = 0.5) as compared with the PTL group. Examination of the prenatal
ultrasound data revealed that the PTL group did not differ in GA at the time of ultrasound,
estimated fetal weight or any other fetal growth parameter (P>0.3) compared with the GC
group or the matched control group (see Table 3).
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Discussion
In 1995 the National Institutes of Health issued a consensus statement recommending that
prenatal GC treatment be given to all women who are at a risk of preterm delivery between 24
and 34 weeks of gestation.1 Consequently the increased use of prenatal GC therapy and other
interventions for PTL have led to an increasing number of treated infants being born at term
gestation. This study is the first to assess the association between prenatal GC treatment and
size at birth among infants born at term gestation after controlling for pretreatment fetal size
and exposure to PTL. Our data demonstrating that prenatal GC treatment is associated with
smaller size at birth, adds to concerns that have been raised regarding the developmental
consequences of such exposure; concerns that are particularly relevant for exposed infants born
at term who do not receive commiserate medical benefits from GC therapy. These data also
suggest that there may be a period of vulnerability at the time of late second and early third
trimesters during which fetal growth is more sensitive to the effects of prenatal GC treatment.

The suppressive effects of prenatal GC therapy on somatic growth in this population are
consistent with models from a variety of species. Carefully conducted models with the sheep
and the non-human primate provide clear evidence that size at birth is reduced as a consequence
of prenatal exposure to multiple doses of GCs.5,6,9 Although some studies observe decreases
in neonatal size at birth after only one dose8,23 others do not.12 In contrast to animal models,
studies with humans have focused on preterm infants and have yielded mixed results. Studies
evaluating both single13,14 and multiple15,16,24 courses have found retarding effects on human
growth, although not all studies have found such an association.25,26 The limitation of focusing
on preterm infants is that it is not possible to determine if the effects on growth are a result of
prenatal GC treatment or from consequences of intrauterine complications related to preterm
delivery. Specifically, data indicate that fetal growth is already attenuated among infants who
subsequently deliver preterm, thereby potentially masking effects of GC treatment.18

Furthermore, in many cases of PTL there is only a short time interval between GC
administration and delivery, which may not allow sufficient time for the suppressive effects
on growth to be observed at birth.19 Our findings of decreased body length, weight and head
circumference among term infants exposed to prenatal GC treatment are consistent with the
only previously published data, to evaluate the consequence of prenatal GC therapy on term
infants.20 Our study has extended these findings in important ways by ruling out the possibility
that these effects are due to pre-existing differences in fetal size or exposure to PTL.

Several limitations of this work should be acknowledged. First, participants were not randomly
assigned to treatment and control groups. Second, assessments of size at birth were determined
based on clinical assessments. Data from infants in the three groups were, however, collected
contemporaneously and by trained neonatal personnel. It is expected that any measurement
error is distributed evenly across groups. Third, fetal ultrasound data were collected only on a
subset of infants. It should be noted that the same pattern of results regarding associations
between GC treatment and size at birth was still observed when only those infants with prenatal
ultrasound data were included.

There are several unique strengths that validate these results. In addition to the inclusion of
only full-term infants, this is the first study to evaluate fetal size before prenatal GC
administration. Previous work has shown that fetal growth is delayed as early as the first
trimester among pregnancies that subsequently deliver preterm.18 Not only were all of the
infants in this study born at term gestation, but using ultrasound measurements taken before
prenatal GC administration, we were able to rule out the possibility that prenatal GC therapy
was simply a marker of pre-existing differences between the study groups.
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A second unique aspect of this study is the evidence that exposure to PTL, among term infants
not receiving GC treatment, did not affect size at birth. This suggests that PTL by itself was
not significantly associated with the attenuation of fetal growth. In addition, the GC group was
smaller in terms of body length and weight at birth compared with controls, with and without
PTL, indicating that exposure to prenatal GCs explains the effects on size at birth independent
of effects of PTL. Results for head circumference are less clear as the PTL group did not differ
from either the term controls or the GC group. The smaller head circumference among term
GC-treated infants when compared with the matched controls may result from the cumulative
effect of exposure to GCs and PTL. Adverse exposures that affect fetal growth during the third
trimester, a period of cellular hypertrophy, typically result in the type of asymmetric growth
restriction seen among the GC-treated infants, in which somatic growth is suppressed to a
greater extent than cranial growth.27 Thus, the timing of GC exposure may result in a larger
attenuation of somatic growth and the detection of effects that are independent of PTL as shown
in this study. As there was no random assignment to study group, the possibility remains that
infants exposed to PTL, but not GC treatment experienced a different prenatal course as
compared with infants exposed to PTL, who received GCs. Nonetheless, these data provide
further evidence that the effect of GC treatment on fetal growth cannot be explained by PTL.

Glucocorticoids appear to exert a programming influence on the developing organism.28

During pregnancy GCs are essential for the regulation of intrauterine homeostasis, and
differentiation and maturation of vital organ systems including the lungs, the liver and the
central nervous system.29–32 Synthetic steroids readily pass through the placenta.33,34 They
are not oxidized by 11-beta-hydroxysteroid dehydrogenase type 2, as is maternal cortisol, and
have a greater affinity for naturally occurring receptors than cortisol.35 Thus, it is likely that
the administration of a large dose of GCs during pregnancy could have consequences on
multiple organ systems besides the lung. Animal models have, in fact, shown that excess GCs
cause both reduced neonatal size at birth and impaired health in adulthood.10–12 The
mechanisms underlying GC effects of fetal growth in humans are unknown. Animal models
have shown that the fetal insulin-like growth factor axis is altered by exposure to excess GCs
and that alterations to this system are related to suppression of fetal growth.36

Although the current findings provide evidence for attenuation of fetal growth associated with
GC treatment it cannot be determined whether these are transient effects or if there are long-
term consequences for health and development. The long-term consequences of GC treatment
for human development remain under investigation. A recent 30-year follow-up of a
randomized controlled trial of GC therapy did not find effects on adult body size, blood
pressure, blood lipids or plasma cortisol.25 Increased insulin resistance was, however, noted
among individuals exposed to prenatal GC therapy, thus, providing some evidence of a
programming effect of prenatal GCs.

The beneficial effects of GC treatment for preterm infants are clearly established. Equivalent
benefits are not conferred on those infants born at term. Our data demonstrate measureable
effects on fetal growth parameters among term infants with prenatal GC exposure, and suggest
a potential negative consequence for a group that does not receive commiserate medical benefit
from treatment. As the clinical diagnosis of PTL is difficult a significant number of women
receive GC treatment (as well as other interventions) and go on to deliver beyond 37-weeks
gestation. The potential harm to term infants must be evaluated in the context of the clear
benefit to preterm infants. Thus, these data do not suggest that GC treatment should not be
administered, but rather emphasize the importance of improving the accuracy of diagnosis of
PTL to reduce the exposure of infants subsequently born at term to prenatal GC treatment. The
evidence that a single course of GCs is associated with a reduction in size at birth further
substantiates the case against multiple doses. If a single course of GC treatment has negative
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implications for fetal growth, it is plausible that multiple doses will incur even greater
consequences.
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Table 1

Demographic and clinical data for the three study groups

GC group
(PTL and

GCs)

Matched
controls (no

PTL or GCs)

PTL controls
(PTL and no

GCs) P

n = 30 n = 60 n = 15

GA PTL diagnosed (weeks) 29.7 (0.6)a NA 29.2 (0.9) 0.73

Gestational age at birth
(weeks)

38.0 (0.2) 38.3 (0.1) 38.6 (0.2) 0.10

Sex (F, M) 20, 10 40, 20 10, 5

5-min Apgar 9.0 (0.2) 8.9 (0.2) 9.1 (0.2) 0.29

Mode of delivery 53% vaginal 58% vaginal 60% vaginal 0.74

Parity

 1 27% 28% 40% 0.18

 2 37% 37% 33%

 ≥ 3 36% 35% 27%

Race

 Hispanic 70% 50% 47% 0.07

 Caucasian 17% 30% 40%

 Other 13% 19% 12%

Maternal age at delivery
(years)

28.9 (0.7) 28.7 (1.1) 31.5 (2.0) 0.30

GA at first prenatal visit
(weeks)

12.8 (0.9) 10.8 (1.1) 10.6 (0.5) 0.34

Insurance type

 Commercial HMO 23% 17% 23% 0.11

 Commercial PPO 19% 10% 28%

 Government sponsored 50% 73% 43%

 Other 8% 0% 6%

Abbreviations: F, female; GA, gestational age; GC, glucocorticoid; HMO, Health Maintenance Organization; M, male; NA,
not-applicable; PPO, Preferred Provider Organization and PTL, preterm labor.

Note: Group differences were assessed using analysis of variance (ANOVA) for continuous variables and χ2 for categorical
variables.
a
Preterm labor was the primary indication for GCs in 87% of these participants.
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Table 2

Birth outcome for the three study groups (mean and standard deviation)

GC group (PTL
and GCs)

Matched
controls (no

PTL or GCs)

PTL controls
(PTL and no

GCs)

Weight (g) 2942 (549)a,b 3346 (524) 3259 (359)

 Z-score weight −0.5 (1.0)a,b 0.2 (1.0) 0.1 (0.7)

 Weight percentile 33.8% (4.8)a,b 53.9% (3.7) 40.9% (6.1)

 Birth weight below 10th
percentile

17% 8% 7%

Length (cm) 47.5 (3.1)a,b 49.4 (1.8) 50.2 (2.0)

 Z-score length −0.6 (1.2)a,b 0.2 (0.7) 0.5 (0.8)

Head circumference (cm) 33.3 (1.8)a 34.4 (1.3) 33.8 (2.2)

 Z-score head circumference −0.4 (1.0)a 0.3 (0.7) −0.2 (1.3)

Abbreviations: GC, glucocorticoid and PTL, preterm labor.
a
Significant difference between the GC group and the matched control group using an analysis of covariance (ANCOVA)

model adjusting for race ethnicity.
b
Significant difference between the GC group and the PTL control group using an ANCOVA model adjusting for race

ethnicity.
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Table 3

Fetal size assessed by two-dimensional ultrasound (mean and standard error)

GC group
(PTL and

GCs)

Matched
controls (no

PTL or
GCs)

PTL
controls

(PTL and
no GCs) P

(n = 18, 7
male)

(n = 47, 17
male)

(n = 14, 5
male)

GA at ultrasound 19.4 (1.7) 18.9 (1.4) 19.1 (1.2) 0.34

Estimated fetal weight (g) 302 (91) 283 (80) 295 (68) 0.71

Biparietal diameter (cm) 4.5 (0.4) 4.6 (1.7) 4.5 (0.3) 0.89

Head circumference (cm) 16.5 (1.7) 15.9 (2.4) 16.7 (1.4) 0.35

Femur length (cm) 2.9 (0.5) 2.9 (0.4) 3.0 (0.3) 0.67

Abdominal circumference (cm) 14.3 (1.8) 14.1 (1.7) 13.9 (1.4) 0.83

Abbreviations: GC, glucocorticoid and PTL, preterm labor.

Note: Group differences tested using an analysis of covariance (ANCOVA) model adjusting for race ethnicity.

Davis et al. Page 11

J Perinatol. Author manuscript; available in PMC 2009 December 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


