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Abstract
The recommended fixed dosage of betamethasone for pregnancies at risk of 
preterm birth was determined in the 1970s, regardless of gestational age (GA), 
number of fetuses, and maternal weight. We aimed to examine the association 
between maternal and neonatal betamethasone serum levels and neonatal res-
piratory distress syndrome (RDS) and to examine whether levels correlate with 
maternal weight, GA, or number of fetuses. A prospective study was conducted 
at a single academic medical center between August 2016 and February 2019. 
Women received betamethasone and delivered between 28+0 and 34+6 weeks 
were included. Maternal serum levels (MSLs), and neonatal serum levels (NSLs) 
of betamethasone at delivery were analyzed using Corticosteroid enzyme- linked 
immunosorbent assay kit. RDS was diagnosed according to clinical and radio-
graphic findings. We assumed that the sensitivity of NSLs to detect RDS is 95%; 
hence, 150 neonates were needed (power 80%, alpha 0.05). Overall, 124 women 
were included; including 96 (77.4%) singletons, 26 (21.0%) twins, and 2 (1.6%) tri-
plets, corresponding to 154 neonates. RDS was diagnosed in 35 neonates (22.7%). 
After adjusting for GA, time elapsed from the last dose, and number of doses, 
NSLs were associated with RDS (relative risk: 0.97, 95% confidence interval: 0.94– 
0.99, p = 0.011). A level of 6.00 ng/ml predicted RDS with a sensitivity of 80.0% 
and specificity of 64.7%. Adjusted MSLs were not associated with RDS. Both 
maternal and neonatal serum levels were not associated with the number of fe-
tuses and maternal weight. In conclusion, NSLs are associated with RDS whereas 
MSLs are not.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The currently recommended betamethasone dosage for fetal lungs’ maturity was 
determined in the 1970s, regardless of gestational age, maternal body mass index, 
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INTRODUCTION

Preterm birth has an occurrence rate of nearly 12% and 
is considered the main cause of neonatal mortality and 
morbidity in the Western world.1 This neonatal morbid-
ity is manifested, among others, in neonatal respiratory 
distress syndrome (RDS), intracranial hemorrhage, ne-
crotizing enterocolitis, etc.2 Of the surviving neonates, 
~10%– 15% remains with significant sequel.1 Antenatal 
corticosteroid (ACS) administered to women at risk 
of preterm birth for accelerating fetal lung maturation 
is considered the most effective intervention to reduce 
mortality and morbidity, associated with prematurity, 
particularly RDS.2,3

Nonetheless, there is an unexplained gap in clinical 
outcomes in ACS therapy administered at any given gesta-
tional age (GA). Namely, after ACS administration, a pro-
portion of preterm neonates develop RDS whereas others, 
with similar obstetric background, born at the same GA 
or even younger, do not. Moreover, compared to singleton 
pregnancies, in twins, who are at higher risk to develop 
RDS, current evidence is insufficient to assess effective-
ness of ACS therapy.3

Since determined in the early 1970s, the current ac-
cepted fixed dosage of betamethasone is administered 
to all pregnant women at risk of preterm birth, regard-
less of maternal weight, or body mass index (BMI), GA, 
or whether they are singleton or multiple pregnancies.2 
Given that a fixed dosage is administered to all pregnant 
women at risk of preterm birth, combined with the non-
persistent and unequal effect on neonatal morbidity and 

mortality, may point to a possible association between 
betamethasone levels and neonatal outcome.4

In human subjects, it is uncertain if an association ex-
ists between maternal or fetal betamethasone levels and 
neonatal outcome, and whether levels differ according to 
maternal weight, GA, or number of fetuses. In the present 
study, we aimed to determine maternal and neonatal beta-
methasone levels at birth, among women who received 
betamethasone between 28+0 and 34+0 weeks of gestation, 
and to examine whether an association exists with neona-
tal RDS.

METHODS

A prospective cohort study was conducted at a single uni-
versity institution between August 2016 and February 
2019. Pregnant women who received betamethasone be-
tween 28 and 34 weeks of gestation, due to threatened 
spontaneous or indicated preterm delivery and delivered 
between 28+0 and 34+6, were included. A complete course 
of betamethasone (consisting of 50% betamethasone phos-
phate and 50% betamethasone acetate) comprised of two 
doses; 12 mg each, 24 h apart. Women who received the 
first dose only because of failure to delay delivery were 
also included. Maternal and cord blood were drawn si-
multaneously at delivery to determine betamethasone 
levels tested at designated laboratories.

Women who received corticosteroids for other rea-
sons or had fetal malformations diagnosed in the an-
tepartum period or immediately postpartum were 

and number of fetuses. This fixed dosage that is administered to all pregnant 
women at risk of preterm birth is associated with nonpersistent and an unequal 
effect on neonatal morbidity and mortality.
WHAT QUESTION DID THIS STUDY ADDRESS?
Is there an association between maternal or fetal betamethasone levels and neo-
natal outcome, and whether levels differ according to maternal weight, gesta-
tional age, or number of fetuses?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Adjusted neonatal betamethasone serum levels were associated with respiratory 
distress syndrome, whereas adjusted maternal serum levels were not. Both were 
not associated with maternal weight or number of fetuses, and only weakly as-
sociated with gestational age at delivery.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The results derived from this study suggest that simply adjusting betamethasone 
dosage according to maternal serum levels, gestational age, number of fetuses, or 
maternal weight at delivery is unlikely to lead to better determining the optimum 
betamethasone dosage.
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excluded. Eligible women who were recruited be-
fore 34 weeks of gestation, but delivered at or beyond 
35 weeks of gestation, or delivered at another institu-
tion, were also excluded from the analysis. The policy 
at our institution during the study period was to give 
a complete course of betamethasone at signs of im-
pending spontaneous preterm delivery or potential 
indication for medically indicated preterm delivery 
(<34 weeks). A single rescue course was administered 
up to 34 weeks, if delivery did not occur within 7 days, 
but risk of preterm delivery persisted.

Determining betamethasone concentrations

In the present study, both maternal and neonatal (cord) 
levels were analyzed using the same Corticosteroid 
enzyme- linked immunosorbent assay (ELISA) kit 
(Randox Laboratories Ltd.). Preliminary results showed 
that the kit is valid for determining betamethasone con-
certation.5 The assay exhibits very low cross- reactivity for 
cortisol (<0.5%), which is vital in minimizing interfer-
ence from endogenous cortisol. In the current study, 3 ml 
of maternal blood was drawn at delivery of the neonates, 
and was sent together with blood drawn from the umbili-
cal cord immediately after birth. The paired samples were 
centrifuged and serum was kept at −70°C until process-
ing. Betamethasone concentration in samples was pro-
cessed in an SQII (AESKU.SYSTEMS GmbH & Co. KG) 
and levels were then determined using the Corticosteroid 
ELISA kit according to the manufacturer’s instructions.

Primary outcome

The primary outcome was association between neonatal 
serum levels (NSLs) of betamethasone and RDS. The di-
agnosis of RDS was determined within the first 24 h after 
delivery according to the Vermont– Oxford network crite-
ria; partial pressure of oxygen (PaO2) <50 mmHg in room 
air, central cyanosis in room air, a requirement for sup-
plemental oxygen to maintain PaO2 >50 mmHg, or a re-
quirement for supplemental oxygen to maintain a pulse 
oximeter saturation over 85% and a chest radiograph con-
sistent with RDS diagnosis.6 Neonatologists were aware of 
the number of courses and time elapsed from betametha-
sone treatment.

Power analysis

The prevalence of RDS between 28+0 and 34+0 weeks 
is nearly 20%.7 It is unknown whether NSLs of 

betamethasone predict the occurrence of RDS. In order 
to detect a change in the percentage value of the sensi-
tivity of NSL to predict RDS from 70% (null hypothesis) 
to nearly 95% (alternative hypothesis), based on a target 
significance level of 0.05, and power of 80%, 150 neo-
nates were required.8

Statistics

Continuous variables were assessed for approximate nor-
mality via Skewness and Kurtosis. As maternal serum 
levels (MSLs) and the time elapsed from delivery from 
the last dose were not normally distributed (skewness 
and kurtosis were greater than the absolute value of 1.5), 
both measures were log transformed to achieve approxi-
mate normality and all analyses were performed on the 
log. NSLs were approximately normally distributed and 
all analyses were performed on the raw data. Relative 
risk (RR) and 95% confidence interval (CI) were com-
puted in order to find associations between the maternal 
demographic and obstetric characteristics and RDS using 
Poisson regression.

Poisson regression analysis of RDS using time to de-
livery from the last dose, measured in (log) hours, was 
performed to assess serum levels over time adjusting for 
clinically relevant background variables, such as GA and 
number of doses. Models were then produced in order to 
estimate the risk of developing RDS (outcome) accord-
ing to GA, time elapsed from last dose to delivery (log 
scale), number of doses of betamethasone, and MSL or 
NSL of betamethasone. This was repeated for the sub-
group receiving only one betamethasone course and for 
another subgroup who delivered within 1 week from the 
last betamethasone dose. Area under the curve of serum 
level for the adjusted RDS outcome was calculated using 
the receiver operating characteristic procedure with non-
parametric distribution. Linear regression analysis was 
performed to test for serum level differences between sin-
gleton and multiple fetuses, adjusting for time (on the log 
scale), number of doses, GA, and maternal weight at de-
livery. Significance was considered to be p < 0.05. All anal-
yses were carried out using SPSS version 28 (IBM Corp, 
2012).

Study approval

The study was approved by the local ethics commit-
tee of Emek Medical Center in compliance with the 
Helsinki Declaration (#0122- 11- EMC). Signed in-
formed consent was obtained from each of the partici-
pating women.



   | 2531ASSOCIATION BETWEEN BETAMETHASONE LEVELS AND RDS

RESULTS

During the study period, 248 women were eligible and 
signed an informed consent. Of all eligible, 124 (50%) 
were excluded; five due to major congenital malforma-
tions diagnosed after delivery, one withdrew consent, 
one woman delivered at another institution, and 117 
recruited women who delivered at or beyond 35 weeks 
of gestation. Overall, 124 eligible women were included 
in the final analysis; 96 (77.4%) delivered singletons, 
26 twins (21.0%), and two triplets (1.6%), correspond-
ing to a total of 154 neonates. Final blood sampling was 
 obtained in February 2019.

In four pairs of twins, one was with RDS and the sec-
ond without, therefore these women were analyzed with 
mothers who had an RDS neonate whereas neonatal data 
were analyzed separately. In all other multiple gestations, 
all the newborns had similar concurring RDS outcomes. 
One MSL result was excluded from the analysis because 
betamethasone concentration (164 ng/ml) was more than 
three SDs above the mean (outlier). It should be noted that 
using the statistical analysis with or without this sample 
did not change the findings significantly.

RDS was diagnosed in 35 (22.7%) neonates. There were 
no significant differences in maternal demographic and 
obstetric characteristics among women with and with-
out RDS to the neonate (Table  1). Betamethasone doses 
and the time elapsed to delivery did not differ signifi-
cantly between women who delivered neonates with and 
without RDS. MSLs of betamethasone were comparable 
among women with and without RDS (p = 0.20; Table 2). 
Women who had neonates with RDS delivered at an ear-
lier GA compared to women who did not (31.0 ± 2.1 vs. 
32.6 ± 1.7 weeks; p  =  0.001). After correcting for time 
elapsed from the last dose and number of doses, GA was 
still significantly associated with RDS (RR: 0.92, 95% CI: 
0.88– 0.95, p = 0.001).

Table 3 presents the neonatal characteristics of the 154 
neonates included. Neonates who developed RDS had a 
statistically significant lower birth weight (1550 ± 465 g) 
and lower mean Apgar score at 1 and 5  min (6.9 ± 2.1, 
8.6 ± 1.3, respectively) compared to neonates without 
RDS (1822 ± 440 g, p  =  0.002; 8.2 ± 1.5, p  =  0.001; and 
9.4 ± 1.0, p = 0.001; respectively). NSLs of betamethasone 
were comparable among neonates with and without RDS 
(p = 0.84; Table 3). Nevertheless, after correcting for time 
elapsed from the last dose, GA, and number of doses, NSL 
was significantly associated with RDS (RR: 0.97, 95% CI: 
0.94– 0.99, p = 0.011). Receiver operator curve analysis re-
vealed that NSLs of 6.00 ng/ml predicted RDS with a sen-
sitivity of 80.0% and specificity of 64.7% (Figure  1). For 
the subgroup of women who received only one course of 
betamethasone (either one or two doses; 108 neonates), 

NSLs predicted RDS as well (RR: 0.97, 95% CI: 0.94– 0.995, 
p = 0.020) after adjustment for GA, time elapsed from the 
last dose, and number of doses. For every 1 ng/ml increase 
in NSLs, the risk of RDS decreased 3%. Receiver operator 
curve analysis revealed that NSLs of 5.50 ng/ml predicted 
RDS with sensitivity of 80.0% and specificity of 71.0% 
(Figure 1). Additionally, for the subgroup of women who 
delivered within 1 week from the last dose (125 neonates), 
NSLs were predictive of RDS as well, after adjustment 
for the same covariates (RR: 0.97, 95% CI: 0.95– 0.966, 
p  =  0.023). Receiver operator curve analysis revealed 
that NSLs of 5.25 ng/ml predicted RDS with sensitivity of 
82.8% and specificity of 68.7% (Figure 1).

MSLs did not predict RDS (RR: 1.04, 95% CI: 0.98– 1.10, 
p = 0.20). After correcting for GA, time elapsed from the 
last dose, and number of doses, MSLs were still not asso-
ciated with RDS (RR: 0.86, 95% CI: 0.69– 1.08, p = 0.202). 
For the subgroup of women (87 women) who received 
only one course of betamethasone (either one or two 
doses), MSLs were not associated with RDS after adjust-
ment for the same covariates (RR: 0.81, 95% CI: 0.60– 1.10, 
p = 0.178). Additionally, for the subgroup of women (103 
women) who delivered within 1 week from the last dose, 
MSLs were still not predictive of RDS (RR: 0.85, 95% 
CI: 0.63– 1.14, p  =  0.271) after adjustment for the same 
covariates.

A linear regression was performed to examine the 
relationship between MSL and NSL with GA, maternal 
weight at delivery, and number of fetuses (Table 4). After 
adjusting for time (on the log scale), number of doses, 
GA, and maternal weight at delivery, there was no sig-
nificant difference in MSLs (t = 1.57, p = 0.12) or NSLs 
(t  =  0.24, p  =  0.81) between singleton and multiple fe-
tuses. Additionally, after adjusting for time (on the log 
scale), number of doses, number of fetuses, and GA, there 
was no association between MSL and maternal delivery 
weight (t  =  1.37, p  =  0.17) or between NSL and mater-
nal delivery weight (t = −0.70, p = 0.49). However, after 
adjusting for time (on the log scale), number of doses, 
maternal delivery weight, and number of fetuses, there 
remained an association between MSL and GA (t = −2.88, 
p =  0.005; partial R2 =  3.4%) and between NSL and GA 
(t = −2.16, p = 0.032, partial R2 = 1.3%). For every 1 week 
increase in GA, the log of MSL decreased by −0.036 ng/ml 
and NSL decreased by −0.23 ng/ml.

DISCUSSION

In this prospective study, the incidence of RDS among 
neonates delivered between 28+0 and 34+6 weeks was 
22.7%, comparable to that reported in the literature.7 GA 
was a significant predictor for RDS. Other demographic 
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and obstetric variables were comparable and did not dif-
fer between neonates with and without RDS. Adjusted 
NSLs of betamethasone at delivery were associated with 
RDS. A threshold of 6.0 ng/ml had a sensitivity of 80% 
and specificity of 64.7%. NSLs were associated with 
RDS also among women who received only one course 
of betamethasone and among women who delivered 
within 1 week of betamethasone administration. MSLs 
of betamethasone at delivery were not associated with 
RDS. NSLs and MSLs were not associated with mater-
nal weight at delivery or the number of fetuses but were 
weakly associated with GA because GA explained <5% 
of the variance in serum levels (3.4% of MSL and 1.3% 
of NSL).

ACS administration to mothers at risk of preterm 
birth is one of the main advances in perinatal medi-
cine. The widespread acceptance of this therapy is due 
to strong evidence demonstrating improved neonatal 
outcomes following exposure, mainly from maturation 

of fetal pulmonary function.3 ACS became a standard 
of care for pregnancies at risk of preterm birth and 
is frequently used as a marker of antenatal quality of 
care.9,10 Nevertheless, as we approach nearly 50 years 
since this practice began,11 the optimum corticosteroid 
dose in terms of health cost and benefit has not been 
established, mainly due to lack of dose response studies 
in the clinical setting.9,12 Several authors have suggested 
adjusting betamethasone dosing to maternal weight or 
BMI, GA, and number of fetuses, which, at least theoret-
ically, may lead to a variation in response and probably 
reduce unnecessarily excessive maternal or fetal steroid 
exposure.13,14 Nevertheless, the results of the current 
study showed that the current accepted fixed dosage of 
betamethasone administered to pregnant women at risk 
of preterm birth produced MSLs and NSLs that were 
not associated with BMI or number of fetuses and only 
weakly associated with GA at delivery. Similar results 
were presented by Gyamfi et al. who reported on a small 

T A B L E  2  Betamethasone doses administered before delivery and maternal delivery characteristics

Total (N = 124) RDS (N = 31) No RDS (N = 93) p value
Relative risk 
(95% CI)

Complete one course of 
betamethasone

95 (76.6) 19 (61.3) 76 (81.7) 0.02 0.48 (0.24– 0.99)

Start second course of 
betamethasone

37/95 (38.9) 6/19 (31.6) 31/76 (40.8) 0.46 0.56 (0.23– 1.38)

Complete second course of 
betamethasone

30/37 (81.1) 5/6 (83.3) 25/31 (80.6) >0.99 1.17 (0.14– 9.98)

Number of doses 0.12

1 29 (23.4) 12 (38.7) 17 (18.3) 1.85 (0.97– 3.52)

2 58 (46.8) 13 (41.9) 45 (48.4) 1.00 (reference)

3 7 (5.6) 1 (3.2) 6 (6.5) 0.64 (0.10– 4.16)

4 30 (24.2) 5 (16.1) 25 (26.9) 0.74 (0.29– 1.89)

Time elapsed from last 
betamethasone dose to 
delivery, hoursa

40.9 ± 85.2 (12.1– 97.3) 23.0 ± 89.8 (8.4– 98.3) 45.5 ± 80.3 (16.6– 97.0) 0.08 0.90 (0.81– 1.01)b

Maternal serum level (ng/ml)a 7.40 ± 7.00 (2.90– 9.45) 8.86 ± 7.28 (3.20– 15.00) 6.94 ± 6.89 (2.50– 8.50) 0.20 1.04 (0.98– 1.10)b

Gestational age at delivery, 
weeks

32.2 ± 1.9 (30.9– 33.7) 31.0 ± 2.1 (28.9– 32.8) 32.6 ± 1.7 (31.4– 34.0) 0.001 0.74 (0.62– 0.89)

Labor onset 0.84

Medically indicated 65 (52.4) 17 (54.8) 48 (51.6) 1.10 (0.54– 2.24)

Spontaneous 59 (47.6) 14 (45.2) 45 (48.4) 1.00 (reference)

Delivery mode 0.13

Vaginal 46 (37.1) 8 (25.8) 38 (40.9) 1.00 (reference)

Cesarean section 78 (62.9) 23 (74.2) 55 (59.1) 1.70 (0.76– 3.79)

Note: Data are mean ± SD (interquartile range [IQR]) for continuous data or N (%) except where noted. Relative risk, 95% CI, and p were computed from 
Poisson regression.
Abbreviations: CI, confidence interval; RDS, respiratory distress syndrome.
aData is median ± IQR (IQR).
bBased on log of the variable.
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T A B L E  3  Immediate neonatal outcomes

Total (N = 154) RDS (N = 35) No RDS (N = 119) p value
Relative risk 
(95% CI)

Neonatal serum level (ng/
ml)

5.33 ± 3.46 (2.65– 7.00) 5.45 ± 3.59 (3.20– 7.50) 5.29 ± 3.43 (2.50– 7.00) 0.84 1.01 (0.92– 1.11)

Neonatal gender 0.86

Male 90 (58.4) 20 (57.1) 70 (58.8) 1.00 (reference)

Female 64 (41.6) 15(42.9) 49 (41.2) 1.06 (0.59– 1.90)

Multifetal 58 (37.7) 11 (31.4) 47 (39.5) 0.39 0.94 (0824– 1.08)

Birth weight (g) 1760 ± 459 (1409– 2072) 1550 ± 465 (1240– 1824) 1822 ± 440 (1480– 2125) 0.007 0.90 (0.83– 0.97)
per 100 g

Apgar score at 1 min 7.9 ± 1.7 (7– 9) 6.9 ± 2.1 (5– 8) 8.2 ± 1.5 (8, 9) 0.001 0.78 (0.67– 0.90)

Apgar score <7 at 1 min 29 (18.8) 13 (37.1) 16 (13.4) 0.002 2.01 (1.05– 3.86)

Apgar score 5 min 9.2 ± 1.1 (9, 10) 8.6 ± 1.3 (8, 9) 9.4 ± 1.0 (9, 10) 0.002 0.72 (0.59– 0.88)

Apgar <7 at 5 min 5 (3.2) 2 (5.7) 3 (2.5) 0.32 2.21 (0.38– 12.70)

Cord artery pHa 7.3 ± 0.10 (7.2– 7.3) 7.2 ± 0.1 (7.22– 7.32) 7.3 ± 0.1 (7.23– 7.33) 0.33 1.68 (0.59– 4.75)

Cord artery pH < 7.1 11 (7.1) 4 (11.4) 7 (5.9) 0.27 1.94 (0.60– 6.26)

Note: Data are mean ± SD (interquartile range [IQR]) or N (%). Relative risk, 95% CI, and p value were computed from Poisson regression.
Abbreviations: CI, confidence interval; RDS, respiratory distress syndrome.
aMedian ± IQR (range).

F I G U R E  1  Receiver operating 
characteristic (ROC) curve analysis 
revealing the cutoff value of neonatal 
serum levels (NSLs) of betamethasone 
of all neonates (N = 154), neonates 
who were delivered within 1 week of 
last dose administered (N = 125), and 
neonates whose mothers received only 
one course of betamethasone (N = 108) 
after adjustment for gestational age, time 
elapsed from the last dose, and number 
of doses.
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number of participants that maternal and umbilical 
cord blood serum betamethasone concentrations were 
not different in twin gestations or obese women.15 These 
observations suggest that adjusting betamethasone dos-
ing according to maternal weight, GA, or to the number 
of fetuses will probably not improve the efficacy of beta-
methasone in decreasing the rate of RDS.

Several animal experiments, measured fetal bio-
chemical response to corticosteroids administration but 
not clinical response (i.e., RDS).16– 22 It is unknown ac-
cording to research studies involving human subjects 
whether an association exists between MSL or NSL of 
betamethasone and RDS. In the present study, we were 
able to demonstrate that MSLs were not associated with 
RDS and for that reason simply adjusting betamethasone 
dosage according to MSLs is unlikely to lead to better de-
termining the optimum betamethasone dosage in terms 
of health cost and lower rate of RDS. This may be due to 
the complex pharmacokinetic and pharmacodynamic re-
lationship of betamethasone in maternal and fetal com-
partments, mainly owing to the drug nuclear target, the 
clearance rate, volume of distribution, the facility to cross 
the human placenta, and binding proteins in maternal 
and fetal plasma.9,23 Although adjusted NSLs of betameth-
asone were associated with RDS, this may be explained by 
less complex pharmacokinetics and pharmacodynamics, 
due to a single compartment (fetal only). Still, the sensitiv-
ity was only 80%, lower than that hypothesized.

Although the benefits of ACS are clear, nonetheless, 
ACS are not harmless. Based on evidence from animal and 
human studies, ACS may have significant long- lasting ef-
fects on health, in the form of epigenetic changes found in 
numerous homeostatic mechanisms.9

Furthermore, nearly half of the fetuses whose 
mothers receive betamethasone, are delivered beyond 
35 weeks, and therefore do not benefit from its short- 
term advantage, and as a result might be pointlessly ex-
posed to long- term consequences.16,24 Similar findings 
were observed in the current study in which out of 248 
women recruited, 117 (47.2%) delivered at 35 weeks of 
gestation or beyond.

Several reports, mainly in sheep models, have re-
ported that lower dosing strategies, which may avoid 
high peak levels, provide betamethasone levels in the 
target range with a duration adequate to elicit pharma-
codynamics benefits.17– 19 In human subjects, similar ex-
periments on short or long- term fetal effects are most 
likely not practical. Nevertheless, the variation in re-
sponses, and the similar MSLs of betamethasone among 
women who had neonates with and without RDS found 
in the present study, may pave the way to future trials 
that may use lower than the standardized betameth-
asone dosages. Lower dosages may reduce long- term T
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consequences as well, and may alleviate concerns when 
a rescue course is advocated.9

Strength and limitations

The present study did not examine lower GA (i.e., 24+0 to 
28+0 weeks). The majority of ACS trials included women 
with singleton pregnancies and moderate prematurity 
(28+0 and 34+0 weeks), and, therefore, the evidence of 
benefits to lower GA is weaker.9 The very low GA rather 
than ACS is probably the main factor that might affect the 
outcome at these GAs.

Moreover, the sample size in terms of certain outcomes 
examined, as in the case of subgroup analysis, may be 
small to make definitive conclusions. Additionally, among 
women who had a rescue dose, blood levels may be af-
fected by a higher basal dose because of prior exposure. 
Nevertheless, according to a previous publication, the 
concentration diminished gradually to a level close to the 
baseline at 5– 7 days after the first course of betametha-
sone.5 Besides, most women who had a rescue dose did 
not receive it back- to- back. Finally, we made a subanalysis 
restricted to women who received one course only. The re-
sults were comparable.

In conclusion, NSLs and MSLs were similar among 
neonates with and without RDS. After adjusting for GA, 
time elapsed from the last dose, and number of doses, 
NSLs were associated with RDS whereas MSLs were 
not. Both MSLs and NSLs were not associated with the 
number of fetuses and maternal weight at delivery and 
only weakly associated with GA. The results derived 
from this and prior studies suggest that simply adjust-
ing betamethasone dosage according to MSL, GA, num-
ber of fetuses, or maternal weight is unlikely to lead 
alone to better determining the optimum betametha-
sone dosage.
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