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Abstract
Antenatal glucocorticoids are used to mature lung function in fetuses at risk for preterm delivery,
but they also suppress cortisol synthesis in both pregnant women and their fetuses through
blockade of ACTH and so adrenocortical P450c17 expression. We recently discovered in pregnant
rabbits that even though exogenous betamethazone is not a mineralocorticoid, it also suppress
production of aldosterone, a mineralocorticoid that does not require P450c17 for its biosynthesis.
Lower aldosterone levels were linked to reduced P450 side chain cleavage (P450scc) mRNA
levels in the rabbit maternal and fetal adrenal cortex. To establish if this occurs in humans, we
assayed aldosterone levels in women and newborns treated with antenatal betamethasone for
preterm labor. In mothers treated with betamethasone, maternal cortisol depression after 48 hours
was accompanied by aldosterone depression. Both pregnant women and their newborns treated
with betamethasone showed depressed aldosterone levels in a 1-3 day period after the first
betamethasone dose. We conclude that suppression of aldosterone biosynthesis is a side effect of
antenatal steroids that has been largely overlooked, but may be clinically relevant at a time when
the newborn is learning to control plasma electrolytes and blood volume.

Introduction
One of the most important developments in recent years to enable survival of an extremely
preterm infant is the realization that when signs of preterm labor present the mother can be
treated with betamethasone (BMZ) to accelerate maturation of fetal lung function. Today,
almost 80% of women who have preterm labor at 24 to 34 wks gestation receive synthetic
steroids before delivery (1) as recommended by the 1994 NIH Consensus Panel, in order to
promote lung maturation (2). In the US in 2004 an estimated 60,000 fetuses were exposed to
antenatal steroids (3), some as early as 23 wks gestation (4). Antenatal steroids decrease
neonatal death and reduce morbidity, including intraventricular hemorrhage (5-6). Treatment
with antenatal steroids is not without its consequences, and a widely recognized side effect
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of antenatal BMZ is transient suppression of maternal and fetal cortisol biosynthesis for 4 -7
days after treatment (7-8). The practice of repeat steroid dosing decreases fetal growth and
the risk: benefit ratio remains controversial (9-13), highlighting the particular importance of
ongoing investigations into dosing strategies and side effects of antenatal steroids. Also, the
data in premature infants at less than 32 wks gestation is limited (14-15).

A recent study shows the human fetal adrenal cortex synthesizes cortisol as early as 8-9
weeks post conception (16). Nonetheless it is only in the third trimester that, from 23 weeks
on, the human fetal adrenal neocortex undergoes more recognizable zonation and develops
the zonal ability to synthesize cortisol and aldosterone (17). In part this development of
zonal structure and function is normally associated with a progressive rise in ACTH. Studies
in humans, primates and H295R human adrenocortical cells have clearly identified the
effects of ACTH on modulating levels of several enzymes that regulate adrenocortical
steroid biosynthesis (Supplemental Figure 1). Some of these enzymes are responsible for
both cortisol and aldosterone biosynthesis (reviewed in 18). Since exogenous
glucocorticoids are known to block this ACTH drive of adrenal maturation, and many of the
enzymes sensitive to ACTH are involved in aldosterone production in the developing zona
glomerulosa, the question must arise whether clinical use of BMZ suppresses fetal
aldosterone production. The possible influence of exogenous steroids on development of a
functional zona glomerulosa has indeed been suggested by studies in rabbits (19).
Nonetheless, while glucocorticoids are now widely used to treat preterm labor, neither basic
nor clinical research studies have yet elucidated the effect of exogenous glucocorticoids on
aldosterone biosynthetic capacity in the developing human zona glomerulosa, an event that
is otherwise necessary to prepare for a role post term under the influence of circulating
angiotensin II and potassium.

In this study we investigate whether mothers on standard BMZ treatment regimens for
threatened preterm labor exhibit aldosterone suppression and further if it also occurs in the
antenatal infant. Given this critical information, it will then be possible to decide if this is a
concern and plan future strategies to compensate.

Methods
Rabbit animal model

Rabbit treatments, animal sacrifice, and tissue collection were completed as previously
described and approved (19). The treatment regime and general procedure of RNA analysis
have been reiterated here for convenience. One maternal and one fetal adrenal gland were
removed from each animal and frozen in liquid nitrogen. Maternal and pooled fetal adrenal
glands per litter were homogenized and total RNA was extracted as described (19).
Following determination of recovery and purity, total RNA was used for slot blot
hybridization. Hybridization was performed with 32P labeled, asymmetric PCR probes (19).
For this study, expression of ACTH-receptor; steroidogenic acute regulatory protein (StAR);
cytochrome P450 enzymes: and side chain cleavage (P450scc) were performed in addition
to the prior analysis of 17 α-hydroxylase/17, 20 lyase (P450 c17), 21-hydroxylase (P450
c21); and 3β-hydroxysteroid dehydrogenase/delta5-delta4 isomerase (3βHSDII). GAPDH
expression was used for normalization. Data were analyzed using one-way ANOVA and
results were considered significant if P < 0.05.

Human subjects
Pregnant women at less than 34 wks gestation who were admitted in labor and had antenatal
steroids prescribed by their physician were invited to participate. Twenty-seven women
were enrolled from July 2001 to July 2003. Five women were excluded because either the

Kessel et al. Page 2

Reprod Sci. Author manuscript; available in PMC 2014 January 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pre-BMZ or 48 h post-BMZ venous blood was not done. Two women were excluded
because they delivered prior to completing the 48 hr course of BMZ. The University of
Wisconsin and Meriter Hospital Institutional Review Boards approved this study, and all
participants gave informed, written consent. Antenatal steroids consisted of BMZ 12 mg IM
q 24 hs for 2 doses (one course). One woman received dexamethasone 6 mg IM q 6 hs
secondary to a temporary shortage of BMZ and was excluded from analysis.

In a separate study, further analysis was performed on samples routinely collected, with
consent, as described previously (15). As in our own study, subjects were treated with a
single BMZ course (15). Blood samples were collected from mothers and infants at the time
of birth, with mean gestational ages of 30.5 +/− 2.1 (control) vs. 30.5 +/− 2.7 wks.
Previously, the suppression of cortisol by BMZ treatment of < 7 days was reported (15). In
this study, further analysis of individual cortisol values plus new analysis of aldosterone
levels were reported in subjects treated with BMZ and considered relative to time since last
dose.

Serum steroid levels
All blood samples were collected in red top tubes, and serum was isolated and frozen
at-20°C. Steroid levels (aldosterone, cortisol) were subsequently evaluated by
radioimmunoassay in batches as described previously (19) by investigators blinded to
identification with the following modifications. Specifically, the cortisol assay was done
using an antibody-coated tube radioimmunoassay kit (DiaSorin kit, formerly Incstar, #
CA-1549) with coefficients of variation for inter-assay at 14% and intra-assay at 6.6%. The
cross-reactivity of the cortisol assay with other steroids is <1% with the exception of 17-
hydroxyprogesterol (1.2%). The aldosterone assay was also done using an antibody-coated
tube radioimmunoassay kit (Diagnostic Systems Laboratory now with Beckman-Coulter, #
DSL-8600) with coefficients of variation for inter-assay at 10.41% and intra-assay at 8.1%.
The cross-reactivity of the aldosterone assay with other steroids is <1%. Corticosterone
samples underwent chromatography prior to assay with coefficients of variation for inter-
assay at 24.7% and intra-assay at 4.1%.

Venous blood was collected from mother within 2 hs of first BMZ dose, at 48 hs after first
BMZ dose and at or within 2 hs after delivery. Paired maternal blood was successfully
collected prior to and at 48 hs after BMZ in 19 women. One subject was excluded from
analysis because the 48 h cortisol level was not depressed, as it was in all other samples. The
time from completion of a single course of BMZ to delivery ranged from less than 24 hs to
56 days. Cord blood was drawn at the time of delivery. Cord blood was obtained from 17
newborns, including two sets of twins. One cord blood was excluded in parallel with
exclusion of the mother’s sample (above). Five newborns delivered 0-3 days and 11
delivered 14-56 days after the first BMZ dose.

Urine electrolyte levels
Urine was collected from 19 babies. Clean catch urine samples were obtained on days of life
1, 3, 5 and 7. Urine Na+ and K+ levels were analyzed by ion selective electrode (General
Medical Laboratories, Madison, WI).

Statistical analysis
Rabbit mRNA data were analyzed by one-way ANOVA. Maternal aldosterone levels in
Table 1 were analyzed by a Wilcoxon signed-rank (Sigma Stat version 1). Cord and
maternal aldosterone levels in Figure 2 were analyzed by a Student-Newman-Keuls
regression analysis. Combined cord blood aldosterone levels were also analyzed by a Mann-
Whitney U test. Regression was performed at the lowest order fit that described the data set
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and expressed with 95% confidence intervals (Sigmaplot 2000). Significance between
groups was accepted at P<0.05.

Results
We previously showed that repeated BMZ courses in a widely used rabbit model of early
and late steroid administration causes rapid and reversible cortisol suppression in the mother
and fetus due to reduced expression of the rate-limiting enzyme for cortisol biosynthesis,
P450c17 (19). Surprisingly, maternal aldosterone levels were decreased in parallel with
cortisol, even though aldosterone biosynthesis is independent of P450c17 (19). Given the
long-term effect of ACTH to maintain expression of biosynthetic enzymes including
P450scc (18), we herein further examined in our rabbit model expression of the ACTH-
sensitive enzymes common to both cortisol and aldosterone biosynthesis, along with the
ACTH receptor itself. ACTH is known to chronically maintain expression of P450s
necessary for both cortisol and aldosterone biosynthesis at the level of gene transcription
(18). Analysis of both fetal and maternal adrenal mRNA showed decreased P450scc levels
(Figure 1A) in addition to the known decline in P450c17 levels, with even greater
suppression in fetal versus maternal adrenals. No comparable decreases were detected in the
levels of StAR (Fig 1B), ACTH-R (Fig 1C), P450c21 (not shown), consistent with our
previous report of no change in 3βHSDII message (19). Given suppression of both maternal
and fetal P450scc mRNA, we hypothesized that exogenous glucocorticoids would decrease
fetal aldosterone levels, as observed in the mother. Rabbit pups do not make detectable
levels of aldosterone until they breathe, so it was not possible to examine rabbit fetal
aldosterone suppression. This is not the case, however, in the subjects of clinical interest,
humans.

To establish if antenatal glucocorticoids suppress aldosterone synthesis in pregnant women
and their newborns, we initially collected serum from women who received BMZ for
threatened preterm delivery at 23-34 wks gestation. Maternal blood was drawn prior to or
within 2 hs of receiving the first BMZ dose. Maternal blood was also drawn at 48 hs after
the first dose to confirm the suppressive effects of BMZ on cortisol and observe any parallel
changes in aldosterone. Finally, a sample was collected from mother along with fetal cord
blood at delivery. Total serum cortisol and aldosterone levels were batch analyzed by
radioimmunoassay. In paired samples from 18 women, the expected cortisol suppression
occurred 48 hs after the first BMZ dose and was clearly accompanied by a significant
parallel drop in aldosterone (Table 1). Cord blood aldosterone levels were lower in babies
delivered 0-3 days (n=5, mean 242.25 +/− 161.19 SD and median 180.8 +/− 72.09 SEM)
after the first BMZ dose versus those delivered 14-56 days (n=11, mean 498.5 +/− 325.92
SD and median 416.36 +/− 98.27 SEM). Because of the smaller, unpaired sample size and
inclusion of 2 babies that delivered only 24 hs after BMZ in the 1-3 day subgroup this
difference was not significant (not shown). However, when our cord blood data are
combined with a larger data set that we will discuss below and are subgrouped as cord
bloods delivered 1.5-2.5 days after BMZ, the suppression of cord blood aldosterone is
significant, as it is in maternal blood.

In order to examine the effect of antenatal BMZ on neonatal aldosterone levels in a larger
data set, we further analyzed 42 cord and 29 maternal bloods collected at birth in a previous
study (15). Prior analysis of these samples showed cortisol suppression for at least 3 days
(15). Based on both the known time course of BMZ suppression of adrenocortical P450c17
expression (19) and the time course of ACTH re-induction of mRNA (18) we subgrouped
the data shown in Figure 2. When our data and these cord bloods are combined, cord blood
aldosterone levels are significantly lower in the 1.5-2.5 subgroup (n=9, median 152.96 +/−
12.1 SEM) versus the < 1.5 day subgroup (n=18, median 211.4 +/− 29.63 SEM) or the >2.5
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day subgroup (n=30, median 376.5 +/−58.6 SEM, p<.05 by Mann-Whitney U tests).
Moreover, regression analysis suggested suppressed maternal and fetal aldosterone levels at
1.5-2.5 days with full recovery to initial levels by 3-7 days (Figures 2 A, B). This is
consistent with the expected time course for loss of steroidogenic enzxymes in the absence
of ACTH (due to Betamethazone suppression of the pituitary) and subsequent re-expression
of steroid biosynthetic enzymes as ACTH levels return to normal. More specifically it is
well known that expression of both P450scc and P450c17 in human adrenocortical cells is
controlled by ACTH through the second messenger cAMP, and corresponding induction of
transcription is the determinant of mRNA and subsequently protein levels in each case (18).
Increases in mRNA are detectable in hours and plateau at around 24 hs while stable
expression of protein occurs within 36 hs. It is then no coincidence that in previous studies
maximal suppression of cortisol and P450c17 expression has been reported at 48hs in
response to BMZ blockade of ACTH. Statistical analysis revealed that this smaller maternal
group (n=6) at 1.5-2.5 days post BMZ (ie a time when BMZ suppression of enzyme
expression would be predicted to be maximal and before a rise in ACTH occurred due to
BMZ excretion) failed to achieve significance when compared to women who delivered
prior to or after this time window (pre and post-BMZ blood draws were not done in the
Parker study as in our original data set). However, in this larger set of cord bloods at 1.5-2.5
days (when suppression is maximal and ACTH has not yet returned to normal), depression
of aldosterone in cord bloods (n=8) was clearly significant and consistent with the greater
depression of P450scc observed in rabbit fetal vs maternal adrenals (Figure 1A) when
analyzed by regression analysis, consistent with our previous significant depression detected
by Mann-Whitney U tests. Of clinical relevance, we also found that maternal levels still
closely predicted cord blood levels (Figure 2C). Aldosterone suppression at 1.5-2.5 days
post BMZ in cord blood occurred at all gestational ages in the time period studied (Figure
2D).

Discussion
Taken together, our most striking finding is that antenatal BMZ treatment depresses human
maternal and fetal aldosterone levels in addition to the known suppression of cortisol levels.
Furthermore, the degree of aldosterone suppression in the fetus is closely indicated by the
fall in maternal levels. This new finding was previously unrecognized as a side effect of
exogenous betamethasone administration for the threat of preterm labor.

Clearly reduced aldosterone levels could be considered to be due to a loss of circulating
stimulus or a loss of biosynthetic capacity of the maternal or developing fetal zona
glomerulosa. However, it should be noted in Figure 2 that aldosterone levels in the first day
in mothers are not lower than controls and in mothers and infants are not different from that
on day 7 or beyond. This contrasts with the overnight cortisol depression seen in response to
synthetic glucocorticoids in the same subjects (15). In the case of the overnight fall in
cortisol, this is explained by a rapid fall in circulating ACTH due to immediate negative
feedback on the pituitary, so the acute stimulus of the adrenal cortisol biosynthesis is also
immediately lost. The delay in the reduction of aldosterone levels suggests that ACTH
blockade does lead to progressive loss of expression of key steroid biosynthetic enzymes but
the acute stimulation of the zona glomerulosa occurs by factors other than ACTH, ie
Angiotensin II which is not subject to the negative feedback by glucocorticoids at the level
of the pituitary otherwise observed for ACTH. Since BMZ is not a mineralocorticoid, our
rabbit model implicated BMZ action on aldosterone output may be via suppression of
ACTH otherwise necessary for maintaining P450scc expression, the same enzyme acutely
activated in the zona glomerulosa by angiotensin II.
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Given that BMZ likely suppresses P450scc, as it does P450c17 expression, through negative
feedback on the pituitary with a consequential drop in ACTH, the effects of many synthetic
glucocorticoids in adults and children would be predicted to be similar and may have broad
clinical implications beyond antenatal BMZ administration. Variability in the time course
and magnitude of response would depend on the steroid of choice, the dose, and the rate of
clearance.

Our study suggests that ACTH blockade by BMZ leads to a progressive loss of the
expression of key steroid biosynthetic enzymes. We further suggest that a drop in P450scc
expression/activity causes decreased aldosterone production, just as a drop in P450c17 leads
to a decline of cortisol. Nonetheless, other explanations are worthy of consideration. The
first such question which must be addressed is whether the steroid output of the adrenal was
not simply reduced but instead was diverted to alternate steroid products. We previously
reported deoxycorticosterone in cord blood after intrauterine exposure to exogenous
glucocorticoids and showed that levels are indeed suppressed rather than elevated (22). This
is consistent with other studies that showed decreased deoxycorticosterone levels in
amniotic fluid (23), and no significant change in cord blood (24) acutely following
exogenous glucocorticoids. In the current study we also assayed corticosterone levels in the
same samples reported in Table 1 and showed approximately 50% reduction in
corticosterone (not shown) alongside the decline in cortisol. As such we must conclude that
the decline in cortisol is indeed due to a reduced zona fasciculata output in these subjects
rather than diversion of substrate to alternate steroid products and further that the decline in
aldosterone is not secondary to elevation of deoxycorticosterone or corticosterone.

An alternate explanation that we must also consider is that the dose of BMZ is sufficiently
high to have a direct action to suppress renin and so circulating Angiotensin II. Previous
animal studies have shown that infusion of endogenous glucocorticoids (cortisol) directly
into the maternal or fetal sheep circulation does indeed suppress renin, but also that this
occurs almost immediately (25-28). Thus if BMZ action to suppress aldosterone were
through suppression of renin, aldosterone suppression would also be expected to be
observed almost as quickly as BMZ crosses the placenta. In humans, we know that BMZ
takes only a short time to cross the placenta as cortisol levels decline within about 6 hrs of
BMZ administration (14). Given that the time from BMZ administration to decline in
aldosterone was more than a day rather than simply hours, with further recovery by 3 days
(Figure 2A), it seems more likely the decline in aldosterone in response to BMZ is due to
reduced levels of P450scc rather than BMZ-induced suppression of renin. While further
studies are needed, our data are more consistent with the known time course for suppression
of P450scc expression on the loss of circulating ACTH and the reinduction of P450scc as
BMZ is cleared and circulating ACTH returns.

The most important clinical factor in suppression of aldosterone levels was not gestational
age, but rather the timing of delivery after the last BMZ course (Figure 2D). Aldosterone
depression occurred in infants as young as 23 wks, and maternal levels were clearly a
readily accessible biomarker for fetal levels (Figure 2C). Although our study does not
address mode of delivery, other studies suggest that aldosterone suppression may be further
exacerbated by Caesarian section delivery, for which the degree of stimulation of pituitary
ACTH release is less than for vaginal delivery (29). In light of our findings, it is not
surprising that previous studies have not demonstrated aldosterone suppression in cord blood
following antenatal glucocorticoids (24, 30). Studies did not sub-classify data from the time
of BMZ administration and those that did often grouped their data sets in a 1-7 days and
greater than 7 days manner. Both adequate sample size and the time sampled after BMZ
dose are required to detect aldosterone suppression.
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The physiologic effects of low aldosterone levels in preterm infants are not certain. Catarelli
et al and others showed in fetal sheep that antenatal glucorticoids increase GFR and mature
tubular function (25). In a study by Mortiz et al, the infusion of fetal sheep with aldosterone
increases % change in GFR, increases K excretion and decreases the Na-to-K ratio (31),
Antenatal dexamethasone blunted the change in GFR but did not alter K excretion or Na-to
K ratio (31). It is unclear whether aldosterone has equivalent functions in the immature
kidney of the preterm infant compared to the adult. Relatively few studies have examined
normal aldosterone levels in preterm infants and none control for BMZ administration
(32-33). To test possible clinical consequences in newborns born with suppressed
aldosterone levels, we measured urine electrolytes in babies born in our study. On day one, 3
out of 5 newborns with aldosterone levels suppressed at or below 230 pg/ml had
substantially elevated Na+/K+ ratios (Figure 3), suggestive of decreased renal epithelial cell
K+ secretion or Na+ reabsorption.

The possible clinical consequences of low aldosterone in newborns following antenatal
BMZ deserve recognition and further investigation. In adults, aldosterone acutely affects
potassium and blood pressure homeostasis. In preterm infants, it is possible that under some
circumstances low aldosterone levels affect the ability of the immature kidney to handle
hyperkalemia, control blood volume, or regulate blood pressure. Non-oliguric hyperkalemia
and corticosteroid-responsive hypotension are observed in preterm infants during the first
week of life. Uga et al reported that antenatal BMZ improved hyperkalemia but did not
control for time after BMZ (34). One proposed pathogenesis for non-oliguric hyperkalemia
includes an intracellular to extracellular potassium shift combined with a decreased tubular
potassium secretion secondary to immature activity of the Na+/K+ ATPase. Low
aldosterone levels or aldosterone unresponsiveness could decrease the ability of tubules to
compensate for increased serum potassium. If low aldosterone is identified in preterm babies
with hyperkalemia (which could be done by cord blood analysis), then a single dose of
ACTH, a drug already used in infants, might alleviate symptoms more quickly by promoting
recovery of adrenal P450 expression.

The possible long-term implications of our findings are equally unclear. Intrauterine fetal
programming is now a recognized phenomenon, and it is likely that such programming
events continue in the first few days of life. Some animal studies suggest that alteration of
the HPA axis may continue for a longer period of time than previously suspected (35), and a
human study appears to support this observation (36). The newborn baby has to
independently establish mechanisms controlling blood volume and blood pressure for the
first time and learn “setpoints” that then affect long-term cardiovascular health. Although
two long-term follow-up studies have not shown differences in blood pressure in young
adults who received antenatal BMZ (37-38), one study detected an increase in insulin
resistance. It is our sincere hope that perturbation of aldosterone secretion at this critical
time does not have long-term consequences on these set points, but this is a question that
clearly deserves closer attention in future studies.

In conclusion, the clinical implications of steroid-induced aldosterone suppression in human
disease are not yet known. Clearly, antenatal glucocorticoids improve survival and
morbidity of preterm infants and thereby represent a critical therapeutic strategy. However,
our study highlights three areas for additional research. First, aldosterone suppression should
be included as an outcome in trials that address the type of steroid administered and dosing
regimen. Studies will need to be adequately powered to detect differences. Our findings
suggest that the clinical effects will be best investigated by specifically sub-grouping those
infants born 1-3 days following the last BMZ dose. Second, although the short-term effects
of aldosterone deficiency on the blood pressure and electrolyte imbalance in the newborn are
unknown, the clinician should be aware that infants born 1-3 days following antenatal BMZ
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are at risk for aldosterone deficiency. Finally, follow-up studies on newborns who received
antenatal steroids should include longitudinal measurements of aldosterone levels and
monitoring of long-term outcomes such as the metabolic syndrome (39).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effects of BMZ on adrenocortical mRNA levels for P450scc (A), StAR (B) and ACTH
Receptor (C) in maternal (left) and pooled fetal (right) adrenals. Results are from n= 6-7
replicates in each group of rabbits. Significant differences between groups are indicated by *
compared to saline control and # indicates the difference between early and late treatment
(18).
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Figure 2.
Aldosterone values in maternal and fetal blood collected from deliveries according to Parker
et al (15). The aldosterone levels in cord (upper left) and maternal (upper right) blood are
shown. In both cases 3rd order regressions are shown with 95% confidence intervals to
establish the initial minima. Note that while aldosterone does not drop immediately
(consistent with acute aldosterone production being controlled by factors other than ACTH),
there is a clustering of data points at a minima of 1.5-2.5 days, consistent with the known
minima for cortisol and the data in Table 1. Data sets were subsequently compared as shown
by the boxes. Only the cord blood set denoted in the period 1.5-2.5 days post BMZ was
significantly different from all other groups (P<0.01). The relationship between cord
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aldosterone and maternal aldosterone are indicated bottom left; note linear regression with
95% confidence intervals are also shown. The relationship between aldosterone and
gestational age in suppressed (open symbols 1.5-2.5 days post treatment) vs unsuppressed
(solid symbols, 0-1.5 days or 2.5-7 or more days) are shown with linear regressions and 95%
confidence intervals as indicated.
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Figure 3.
Effect of BMZ on urinary electrolytes. The first 24 hr urinary electrolytes were measured
and compared to aldosterone levels at delivery in cord bloods. Note the tendency as
aldosterone levels are observed in the suppressed range (at or below mean as determined in
cortisol suppressed subjects), for the Na+:K+ ratio to rise dramatically above the ratio for
subjects that were not cortisol suppressed (see horizontal reference lines for normal mean +2
SD).
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Table 1

Effect of 48h treatment BMZ on maternal steroid levels. Blood collection was undertaken by mothers prior to
treatment with BMZ, and repeated 48hs later regardless of delivery. Mean gestational age (GA) is given along
with values for cortisol and aldosterone. The gestational ages in wks at 48 hrs after betamethasone were 23(1),
24 (4), 26(1), 27(1), 28(1), 29(1), 30 (3), 31 (3), 32(2) and 33 (1). 18 subjects were involved in this study and
values given are Mean +− SE or median +− SD. Significance (P<) is as shown for each data set.

Group n= GA
weeks

Days
Post
BMZ

Maternal
Cortisol
(ug/dl)

Maternal
Aldosterone

(pg/ml)

Pretreatment 18 Mean 28.4 0 21.90 240.1

Median 29.5 17.35 176.11

SD 3.28 12.87 202.4

SE 0.77 3.03 47.7

48h Post
Treatment

18 Mean 2 2.99 132.3

Median 3.2 108.93

SD 1.17 122.7

SE 0.28 28.9

P< <0.0001 <0.0198
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