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Abstract 
 
Objective: To determine if exposure to more than one course of antenatal 
glucocorticoids is associated with changes in infant blood pressure and myocardial 
wall thickness in the first month after birth. 
  
Design: Prospective cohort study  
 
Setting: Tertiary Neonatal Intensive Care Unit 
 
Participants: Mothers who were eligible for but declined to enter a randomised trial 
of repeated doses of antenatal glucocorticoids (ACTORDS) i.e. who had a singleton, 
twin or triplet pregnancy at <32 weeks gestation, had received an initial course of 
glucocorticoids seven or more days previously and were considered to be at continued 
risk of preterm birth. 
 
Main outcome measures: Blood pressure daily for the first week then weekly until 4 
weeks of age.  End diastolic interventricular septal and left ventricular posterior wall 
thickness (EDIVS and EDLVPW) at 48-72h after birth. 
  
Results: Thirty seven women were enrolled and delivered 50 infants. Thirty mothers 
(39 infants) were exposed to one course of  glucocorticoids and 7 mothers (11 infants) 
to more than one course.  

Blood pressures were higher in the first week after birth in infants exposed to multiple 
courses of glucocorticoids, and in infants with a latency between last exposure and 
delivery of less than 7 days.  Systolic blood pressure on day 1 was >2SD above 
published normal ranges in 67% of babies exposed to multiple courses and 24% of 
babies exposed to a single course of glucocorticoids (P=0.04). 

There was no difference between groups in thickness of the EDIVS or EDLVPW. 
However 44/50 (88%) babies had EDIVS and 49/50 (98%) babies had EDLVPW 
thickness >2 SD above the expected mean for birthweight and gestation. EDIVS but 
not EDLVPW thickness increased with increasing latency (mean 0.02mm per day, p = 
0.03).  
 
Conclusion: Future randomised trials should assess the longterm effects of exposure 
to antenatal glucocorticoids, and particularly multiple courses, on the cardiovascular 
status of the infant.  on M
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Background 
 
The benefits of antenatal glucocorticoids for the preterm neonate include reduction in 
the risk of respiratory distress syndrome, intraventricular haemorrhage and neonatal 
mortality1. However the greatest benefit is seen in infants born within 7 days of 
treatment. The optimal management of women remaining at risk of preterm birth 
more than seven days after treatment remains unclear.  Administration of repeated 
courses of antenatal glucocorticoids remains common practice2,3, but there is 
insufficient evidence regarding the benefits and risks of repeat courses to recommend 
their use outside the context of randomised trials4.  
 
Preterm neonates have also commonly been exposed to glucocorticoids after birth, to 
prevent or treat chronic lung disease.  In this context, the cardiovascular effects of 
glucocorticoids are well described, and include increased blood pressure and 
hypertrophic cardiomyopathy5,6. Both effects are time-dependent and resolve after 
glucocorticoids are discontinued. 
 
There is some evidence that similar effects may be observed after antenatal 
glucocorticoid exposure. Preterm babies exposed to antenatal  glucocorticoids have 
higher mean blood pressure and less need for inotropic support after birth7,8,9. 
However there are no data regarding the duration of these effects, or whether there 
may be a greater response with repeated exposure.  There are also no human data 
regarding possible effects of antenatal glucocorticoids on myocardial hypertrophy.  
This is particularly important given the evidence from animal studies that prenatal 
exposure to glucocorticoids can result in elevated blood pressure persisting into 
adulthood10. 
 
In view of the uncertainty about the risks and benefits of repeat doses of antenatal 
corticosteroids, a multicentre randomised controlled trial (ACTORDS) is currently 
under way in Australasia.  Women who were eligible for but did not consent to 
randomisation to that trial were invited to take part in this study to determine blood 
pressure and myocardial thickness in babies exposed to at least one course of 
antenatal glucocorticoids, and to determine the duration of any effects after the last 
glucocorticoid exposure. 
 
 
Methods 
 
Women with a singleton, twin or triplet pregnancy at <32 weeks who had received an 
initial course of glucocorticoids beginning seven or more days earlier, and who were 
at continued risk of preterm birth but had declined participation in ACTORDS were 
approached for this study.  Further courses of glucocorticoids were at the discretion of 
the woman and her caregiver. Written consent was obtained from the mother before 
delivery. The Auckland Ethics Committee approved the study. 
 
Blood pressure was measured as soon as possible after birth, daily for the first 7 days 
and then weekly for 4 weeks.  Three successive measurements were made between 
0800 and 1200 hours using a Dinamap XL vital signs monitor (Critikon, Tampa 
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Florida USA) and an appropriately sized cuff, with the infant quiet. Mean values were 
recorded for analysis. 
 
Infants were studied 48 – 72 h after birth with M Mode echocardiography using a 
Philips ATL HDI 3000 scanner and 7 MegaHertz probe (Philips Medical Systems, 
Royal Philips Electronics, Eindhoven, The Netherlands). End diastolic interventricular 
septal thickness (EDIVS) and left ventricular posterior wall thickness (EDLVPW) at 
the level of the mitral valve leaflets averaged over 3 cardiac cycles were measured 
from a parasternal view11. Measurements were undertaken by one investigator (LFJM) 
who was not aware of the infant’s glucocorticoid exposure. 
 
Data were analysed in two ways. Firstly, the characteristics of mothers and infants 
exposed to single or repeated courses of antenatal glucocorticoids and the 
cardiovascular outcomes were compared using Students t-tests, factorial analysis of 
variance and Chi-squared tests as appropriate. Secondly, all infants were considered 
together to determine whether there was any effect of latency on infant cardiovascular 
outcome, where latency was defined as the interval between the last antenatal 
glucocorticoid administration and delivery.  Latency was dichotomised into < 7 d and 
> 7 d, since this is the interval commonly used for repeat courses of antenatal 
glucocorticoids.   Linear mixed models were used to investigate the effects of 
exposure to single or repeat courses, and the effects of latency, on blood pressure 
separately for the first week, and the first four weeks.  These models adjusted for 
gestation, sex and birthweight, and allowed for the clustering of the data from 
multiple pregnancies and the repeated measures of blood pressure over time.  
Analyses were conducted using SAS version 9.1 and Statview 5.0 (SAS Institute, 
Cary, NC).  Data are presented as number (%) or mean (SD) and range. 
 
 
Results 
 
Thirty-seven mothers were enrolled and delivered 50 infants. Thirty (81.1%) mothers 
had been exposed to a single course of glucocorticoids and 7 to more than one course 
(four (10.8%) to two courses and three (8.1%) to three). The initial glucocorticoid 
course comprised betamethasone 11.4mg x 2 doses 24 hours apart in 31 women and 
dexamethasone 12mg x 2 doses 24 hours apart in 6 women.  There were no significant 
differences in maternal or neonatal demographics, or the aetiologies of threatened 
preterm labour, between the groups exposed to single or repeat courses (Table 1). 
  
Eight infants were born < 7 days after exposure to the last dose of glucocorticoids 
(short latency group) and 42 > 7 days after exposure (long latency group).  Seven of 
the eight infants in the short latency group were exposed to repeat courses of 
glucocorticoids.  Mean latency was two weeks longer in the single course group, 
although the range was 7-56 days compared to 0-90 days in the repeat course group 
(Table 1).  
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Table 1.  Demographic details of mothers and infants receiving single and repeat 
courses of antenatal glucocorticoids. 
 
Mothers Single course  Repeat courses  P value 
Number 30 7  
Maternal Age 
(years) 

31.6 (5.1) 
(21 - 45) 

32.8 (7.7) 
(21 - 44) 

0.62 

Maternal Parity 0.9 (1.4) 
(0 - 6) 

1.6 (1.4) 
(0 - 4) 

0.28 

Multiple pregnancy  7 (23.3) 4 (57.1) 0.16 
                       Twin 4 (13.3) 3 (42.9)  
                       Triplet 3 (10.0) 1 (14.3)  
Non-smoker 26 (86.7) 5 (71.4) 0.68 
Gestation at entry 
(weeks) 

27.8 (1.8) 
(25 - 31) 

27.3 (2.4) 
(24 - 30) 

0.53 

Gestation at last 
steroid dose (weeks) 

26.5 (1.7) 
(23 - 30) 

29.3 (2.6) 
(25 - 33) 

0.001 

Risk for preterm  
delivery 

    
0.23 

Preterm labour 5 (16.7) 1 (14.2)  
Hypertension 11 (36.7) 0 (0.0)  
Rupture of 
membranes 

8 (26.6) 3 (42.9)  

Other 6 (20.0) 3 (42.9)  
Infants    
Number 39 11  
Gestation at birth 
(weeks) 

31.3 (2.2)  
27 - 36 

32.4 (3.0)  
28 - 38 

0.15 

Birthweight (grams) 1609 (446)  
755 - 2870 

1923 (581)  
1100 - 2920 

0.07 

Female  20 (51.3) 8 (72.7) 0.21 
Latency (days) 31.1 (15.8) 

(7 - 56) 
 15.5 (26.3) 
(0 - 90) 

0.02 

Variables are number (%) or mean (standard deviation) and range. 
 
Blood pressure 
Blood pressure measurements throughout the first four weeks were positively 
associated with gestational age (p=0.03) and birthweight (p=0.05).   Blood pressures 
were higher in the first week, but not subsequently, in infants exposed to repeat 
courses of glucocorticoids than those exposed to a single course (Table 2, Figure 1).  
When compared with published normal ranges12 systolic blood pressure on day one 
was >2SD above the expected mean in 6/9 (67%) infants in the repeat course group 
and 6/25 (24%) infants in the single course group (chi squared, P=0.04).    
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Table 2.   Blood pressure (mmHg) over the first four weeks after birth in infants 
exposed to single and repeat courses of glucocorticoids.   

  Single course  Repeat courses  
  Mean (SD) N Mean (SD) N 

Day 1 Systolic 52.5 (9.2) 25 65.7 (11.2) 9 
 Diastolic 32.9 (8.3) 25 35.9 (7.6) 9 

 Mean 40.6 (8.5) 25 47.7 (9.4) 9 
Week 1 Systolic 68.4 (12.8) 29 74.9 (13.8) 11 
 Diastolic 42.4 (12.0) 29 45.3 (6.8) 11 
 Mean 51.9 (12.2) 29 56.8 (9.4) 11 
Week 2 Systolic 74.0 (13.7) 26 79.7 (13.2) 11 
 Diastolic 46.8 (10.9) 26 48.1 (11.3) 11 
 Mean 56.3 (11. 5) 26 59.1 (11.2) 11 
Week 3 Systolic 71.9 (11.2) 28 79.0 (11.7) 9 
 Diastolic 40.6 (9.1) 28 50.3 (10.5) 9 
 Mean 52.8 (11.4) 28 60.1 (12.4) 9 
Week 4 Systolic 82.0 (11.4) 26 84.3 (8.1) 11 
 Diastolic 44.9 (9.0) 26 46.7 (9.5) 11 
 Mean 58.4 (9.6) 27 60.1 (10.4) 11 
There are no significant differences between groups over weeks 1-4 
 
 
When the group was considered as a whole, blood pressures were higher in the first 
week after birth in infants who experienced a latency of < 7 days compared to those 
with longer latency.(Figure 2). There appeared to be no further effect of latency on 
blood pressure after this time.  
 
Myocardial thickness 
EDIVS thickness tended to increase with gestational age at delivery (P=0.07). 
EDLVPW was not significantly related to birthweight or gestational age. 
 
Mean EDIVS and EDLVPW thickness did not differ between infants exposed to 
single or repeat courses of glucocorticoids (EDIVS 5.0(1.3) vs 5.3(1.4)mm, EDLVPW 
5.5(1.4) vs 5.4(1.2)mm). However 44/50 infants had EDIVS thickness and 49/50 had 
EDLVPW thickness >2SD above the mean expected for birthweight and 
gestation13,14,15. The proportion of abnormal measurements did not differ between the 
two glucocorticoid exposure groups. 
 
EDIVS thickness was positively associated with the latency duration, with an average 
increase of 0.02mm per day of latency (P=0.04).  This association was no longer 
significant after adjustment for birthweight and gestational age (0.019mm/d, P=0.16).  
There was no association between EDLVPW thickness and latency (P=0.56). 
 
 
Discussion 
 
We report for the first time an association between exposure to repeat courses of 
antenatal glucocorticoids and blood pressure and myocardial thickness in the neonate. 
Exposure to repeat courses of glucocorticoids was associated with higher infant blood 
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pressure in the first week after birth. Although there was no difference in myocardial 
thickness between infants exposed to single and repeat courses of glucocorticoids, 
most infants we studied had IVS and EDLVPW thickness greater than previously 
published norms.  The longterm significance of these cardiovascular effects of 
exposure to antenatal glucocorticoids is uncertain but of considerable interest. 
 
Previous studies have reported that antenatal glucocorticoid exposure increases mean 
blood pressure and decreases the need for inotrope or volume support in the first 24-
48 h after birth in very preterm infants7,8.  In sheep, even low dose hydrocortisone 
administration to the mother results in a substantial rise in fetal blood pressure16. 
Furthermore, glucocorticoids given to preterm neonates to prevent or treat chronic 
lung disease result in a prompt and sustained rise in blood pressure, which resolves 
gradually once glucocorticoids are withdrawn17. In this study we found blood pressure 
was elevated for the first week after delivery in infants exposed to repeat courses of 
glucocorticoids before birth. Whether higher blood pressure was associated with 
exposure to increasing numbers of courses of glucocorticoids could not be 
determined, as too few infants were exposed to more than two courses. 
 
We found that blood pressure was also higher in the first week in infants who had 
experienced a latency of less than seven days between their last glucocorticoid 
exposure and delivery.  This suggests that the most marked effects of antenatal 
glucocorticoids on infant blood pressure may be relatively short-lived.  Blood 
pressure is elevated for at least 14 days after discontinuation of postnatal 
glucocorticoids17, but the much higher doses of glucocorticoids for much longer 
periods may contribute to this prolonged effect.  Unfortunately it was not possible in 
our study to distinguish the effects of latency from the effects of dose, since entry 
criteria for this study included a latency of at least seven days since initial exposure to 
glucocorticoids.  Thus inevitably almost all of the infants who eventually experienced 
a short latency between glucocorticoid exposure and delivery were those exposed to 
repeat courses of glucocorticoids.  This difficulty in distinguishing between the effects 
of latency and of dose, and hence in resolving the question of the duration of any 
effect on blood pressure, will remain a problem in future randomised studies for the 
same reason.   
  
We found that a third of infants in this study had high systolic blood pressure 
according to published norms and that this was more common in infants exposed to 
repeat courses of glucocorticoids. The definition of ‘normal’ blood pressure in 
preterm babies is problematic, and few data exist for the smallest babies.  We used a 
recent publication from the east coast of North America in the early 1990s.  This did 
not document the use of antenatal glucocorticoids, but it seems likely that it was low 
at that time.   
 
To our knowledge the effect of antenatal glucocorticoid exposure on myocardial 
thickness in humans has not been previously reported. The hypertrophic effects of 
postnatal glucocorticoid exposure on cardiac wall thickness are well described 
5,6,15,18,19. Cardiac wall thickness has also been reported to increase by 40% in fetal 
sheep exposed to only 10 days of low dose maternal cortisol infusion16.  We found no 
evidence of a dose-response effect on myocardial thickness, in contrast to evidence of 
a dose-response at the much higher doses used in preterm infants after birth 15,19. Our 
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findings could relate to the much lower dose used, or to fundamental differences in 
the effects of glucocorticoids on the developing heart before and after birth. 
 
Contrary to our expectations, we found that the effects of glucocorticoid exposure on 
myocardial thickness increased with increasing latency since last exposure. However 
persistent myocardial hypertrophy has been reported in preterm neonates several 
weeks after discontinuation of dexamethasone19. Other studies of postnatal steroids 
have demonstrated resolution 2 -3 weeks after therapy discontinuation20.  No infants 
in our study had any signs of left ventricular outflow obstruction.  
 
Both myocardial thicknesses measured were greater in almost all infants than those 
found in published norms 13,14,15. We found no single publication reporting normal 
cardiac measurements for EDLVPW and EDIVS thicknesses across the range of the 
gestations and weights in our sample. Of the publications we used, one listed no 
antenatal exclusion criteria while the other two excluded infants of diabetic mothers. 
Only one article described antenatal steroid use (dexamethasone)15, and reported no 
effect on septal or posterior wall thickness. 
  
Our finding that a large proportion of infants exposed to one or more courses of 
antenatal glucocorticoids have increased blood pressure and myocardial thickness in 
the neonatal period raises questions about the possible longterm cardiovascular 
consequences of antenatal glucocorticoid exposure.  There are now substantial animal 
data demonstrating effects of fetal glucocorticoid exposure on blood pressure and 
cardiac development.  In fetal sheep, exposure to a single course of dexamethasone 
early in gestation elevated blood pressure into adulthood21.  Fetal rats exposed to 
elevated maternal glucocorticoids throughout pregnancy had increased blood pressure 
after birth22.  Antenatal glucocorticoid exposure has also been implicated in cardiac 
myocyte hypertrophy and early adulthood degeneration23.  Longterm follow-up of 
infants enrolled in randomised trials of antenatal glucocorticoids will be required to 
determine whether any cardiovascular effects persist beyond infancy, and whether 
they have any later health consequences. 
 
This study cohort was well defined, in that all subjects met criteria for entry into the 
ACTORDS study, and all data were collected prospectively and analysed by 
investigators who did not know the details of antenatal glucocorticoid exposure.  The 
cohort is small, and not all measurements were able to be made on all babies.  
However this would tend to reduce rather than increase the power of the statistical 
analysis, and thus is unlikely to explain our findings.   
 
This study has shown that exposure to antenatal glucocorticoids is associated with 
changes in blood pressure and myocardial thickness after birth. These results require 
confirmation by larger randomised trials, and strongly suggest that future studies 
should examine cardiovascular outcomes, not only in the neonatal period but later in 
childhood and through to adulthood. 
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What is Already Known on this Topic 
Glucocorticoids can cause elevated blood pressure and myocardial hypertrophy in 
preterm babies.  Babies exposed to single course of antenatal glucocorticoids have 
increased blood pressure at birth.  There are no data on the effects of antenatal 
glucocorticoids on myocardial wall thickness, duration of these effects, or whether 
there may be greater effects with exposure to repeated courses. 
 
What This Study Adds 
Blood pressures were higher in the first week after birth in infants exposed to multiple 
courses of antenatal glucocorticoids, and in infants born less than seven days after last 
exposure.  Most exposed babies had increased myocardial wall thickness.  Future 
trials should assess the effects of antenatal glucocorticoid exposure on longterm 
cardiovascular status. 
 
 
 
Figure Legends 
 
Figure 1 
Systolic, mean and diastolic blood pressures in the first week after birth in infants 
exposed to single (open symbols) and repeat courses (filled symbols) of antenatal 
glucocorticoids.  Data are mean (SD) for 39 infants exposed to single and 11 exposed 
to repeat courses. Comparison between groups; systolic P = 0.08, mean P = 0.05, 
diastolic P = 0.05. 
 
Figure 2 
Systolic, mean and diastolic blood pressures in the first week after birth in infants 
experiencing short (≤ 7 days, filled symbols) or long latency (> 7 days, open symbols) 
since last dose of antenatal glucocorticoids. Data are mean (SD) for 8 infants who 
experienced short latency and 42 who experienced long latency. Comparison between 
groups: systolic P = 0.07, mean P = 0.03, diastolic P = 0.03. 
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