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Abstract 

Background Antenatal corticosteroids are considered the standard of care for pregnant women at risk for preterm 
birth, but studies examining their potential risks are scarce. We aimed to estimate the associations of antenatal corti‑
costeroids with three severe adverse events: sepsis, heart failure, and gastrointestinal bleeding, in pregnant women.

Methods Of 2,157,321 pregnant women, 52,119 at 24 weeks 0/7 days to 36 weeks 6/7 days of gestation were 
included in this self‑controlled case series study during the study period of 2009–2018. We estimated incidence rates 
of three severe adverse events: sepsis, heart failure, and gastrointestinal bleeding. Conditional Poisson regression 
was used to calculate incidence rate ratios (IRRs) for comparing incidence rates of the adverse events in each post‑
treatment period compared to those during the baseline period among pregnant women exposed to a single course 
of antenatal corticosteroid treatment.

Results Among 52,119 eligible participants who received antenatal corticosteroid treatment, the estimated inci‑
dence rates per 1000 person‑years were 0.76 (95% confidence interval (CI): 0.69–0.83) for sepsis, 0.31 (95% CI: 0.27–
0.36) for heart failure, and 11.57 (95% CI: 11.27–11.87) for gastrointestinal bleeding. The IRRs at 5 ~ 60 days after admin‑
istration of antenatal corticosteroids were 5.91 (95% CI: 3.10–11.30) for sepsis and 4.45 (95% CI: 2.63–7.55) for heart 
failure, and 1.26 (95% CI: 1.02–1.55) for gastrointestinal bleeding; and the IRRs for days 61 ~ 180 were 2.00 (95% CI: 
1.01–3.96) for sepsis, 3.65 (95% CI: 2.14–6.22) for heart failure, and 1.81 (95% CI: 1.56–2.10) for gastrointestinal bleeding.

Conclusions This nationwide population‑based study suggests that a single course of antenatal corticosteroids 
is significantly associated with a 1.3‑ to 5.9‑fold increased risk of sepsis, heart failure, and gastrointestinal bleeding 
in pregnant women. Maternal health considerations, including recommendations for adverse event monitoring, 
should be included in future guidelines for antenatal corticosteroid treatment.
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Background
Antenatal corticosteroid treatment in pregnant women 
has been used for accelerating fetal lung maturity and 
reducing the incidence of neonatal respiratory distress 
syndrome since 1972 [1, 2]. This practice has been con-
sidered the standard treatment and has been increasingly 
used for decades, particularly after the conclusions made 
by the National Institutes of Health Consensus Develop-
ment Conference in 1994 [3]. A single course of corticos-
teroids such as dexamethasone or betamethasone has 
since been recommended for the management of immi-
nent preterm birth, though the application of this prac-
tice varies throughout the world [4–6].

While the benefits of antenatal corticosteroid treat-
ment to the neonates born preterm are well established, 
the potential harms to their mothers have drawn rela-
tively little attention and remain mostly unclear. Despite 
the widespread use of antenatal corticosteroid treat-
ment, emerging concerns have been raised about the 
potential harms, particularly after recent nationwide 
studies in the United States and Taiwan documented 
associations between short courses of oral corticosteroids 
and increased risks of sepsis, pneumonia, gastrointes-
tinal bleeding, venous thromboembolism, heart failure, 
and fracture in the general population [7–9]. However, 
these studies did not focus on pregnant women, who 
are inherently at higher risk for several of these compli-
cations [10–12]. While one large population-based ran-
domized controlled trial in six low- and middle-income 
countries showed a significant association of antenatal 
corticosteroid treatment with a 1.45 times increased risk 
of suspected maternal infections [13], few studies have 
addressed these concerns.

To fill this research gap, we employed a self-controlled 
case series design and used the nationwide population 
in Taiwan to quantify the association between antena-
tal corticosteroid treatment in pregnant women and the 
risks of severe adverse events, including sepsis, heart fail-
ure, and gastrointestinal bleeding.

Methods
Data sources
We used de-identified medical and pharmacy claims 
data derived from the entire National Health Insurance 
Research Database (NHIRD) and Birth Reporting Data-
base (BRD) in Taiwan. Briefly, the data from NHIRD 
comprises the medical claims records of nearly 23 million 
enrollees, representing approximately 99% of the total 
population in Taiwan. Detailed descriptions of NHIRD 
have been published previously [8, 14, 15]. The BRD con-
tains prenatal information such as birthweight, gesta-
tional age, type of delivery, and maternal age at delivery. 

The study protocol was approved by the Institutional 
Review Board of the National Health Research Institutes, 
Taiwan, and informed consent was waived because all 
data were encrypted.

Study design and participants
We applied a self-controlled case series (SCCS) design 
to determine the association between antenatal corti-
costeroid treatment and three severe adverse events in 
pregnant women: sepsis, heart failure, and gastrointes-
tinal bleeding. One main strength of the SCCS design 
is that unmeasured time-invariant confounding effects 
are automatically eliminated in the subsequent analyses 
because the participants serve as their own controls [16]. 
We estimated the risk of each severe adverse event over 
three observation periods: one pre-treatment period (the 
baseline period defined as 5 ~ 180 days prior to initiation 
of antenatal corticosteroid treatment); and two post-
treatment periods (days 5 ~ 60 and 61 ~ 180 after initia-
tion of antenatal corticosteroid treatment). We compared 
the estimated risk during the pre-treatment period to the 
estimated risk at each of the post-treatment periods, sep-
arately, among participants exposed to antenatal corti-
costeroid treatment. We included a 4-day washout period 
during which observed severe adverse events were not 
considered since they might be caused by other factor(s). 
Figure  1 illustrates the study design and three observa-
tion periods defined in this study.

We included all women between 24 weeks 0/7 days to 
36  weeks 6/7  days of gestation from 1 January 2009 to 
31 December 2018, who were enrolled in the National 
Health Insurance Program at least 1  year prior to the 
study period. Inclusion criteria were participants who 
had no diagnosis of sepsis, heart failure, or gastrointesti-
nal bleeding prior to the pre-treatment period, were with 
a singleton pregnancy, and had received a single course 
of antenatal steroid treatment for a pregnancy-related 
indication. A total of 52,119 pregnant women at 24 weeks 
0/7 days to 36 weeks 6/7 days of gestation were included 
in this self-controlled case series study during the study 
period of 2009–2018.

Antenatal corticosteroid treatment
The exposure of antenatal corticosteroids was identified 
from the prescription records included in the NHIRD. 
Antenatal corticosteroid treatment in Taiwan commonly 
consists of either betamethasone (two 12-mg doses 
administered intramuscularly 24 h apart) or dexametha-
sone (four 6-mg doses given intramuscularly 12 h apart), 
following the recommendations of the American College 
of Obstetricians and Gynecologists [4].
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Study outcomes
We investigated three severe adverse events potentially 
associated with antenatal corticosteroid treatment: sep-
sis, heart failure, and gastrointestinal bleeding. Episodes 
of migraine were treated as a negative control outcome. 
We identified the adverse events and negative control 
outcomes using ICD-9-CM codes for 2009–2015 and 
ICD-10-CM codes for 2016–2018 (Additional file  1: 
Table S1).

Covariates
We treated oral corticosteroid use and three pregnancy 
complications (premature rupture of membranes, ges-
tational diabetes, and gestational hypertension) as time-
varying covariates in the subsequent analyses. Similarly, 
concomitant medication use for each severe adverse 
event was considered as time-varying covariates and 
adjusted correspondingly, for example, the use of non-
steroidal anti-inflammatory drugs (NSAIDs), aspirin, and 
systemic immunosuppressive agents for sepsis; the use of 
NSAIDs, antidiabetic drugs, antihypertensive drugs, anti-
platelet drugs, bronchodilators, cardiac glycosides, hor-
mone replacement therapy and nitrates for heart failure; 
and the use of NSAIDs, aspirin and proton pump inhibi-
tors for gastrointestinal bleeding.

Statistical analysis
Baseline demographic and clinical characteristics are 
provided in Table 1. We defined participants with ante-
natal corticosteroid treatment, and participants with-
out any antenatal corticosteroid treatment during the 
entire study period. We estimated incidence rates per 
1000 person-years of the three severe adverse events 
for participants with and without antenatal corticoster-
oid treatment (Table 2). Conditional Poisson regression 

was used to estimate incidence rate ratios (IRRs) to 
compare the incidence rates of each adverse event and 
the negative control outcome in each post-treatment 
period to those for the baseline period. We adjusted 
for the time-varying covariates described above in the 
regression models. To investigate the robustness of the 
observed results, we conducted sensitivity analyses to 

Fig. 1 Illustration of study design and three observation periods (− 5 to − 180 days, 5 to 60 days, and 61 to 180 days) defined in this study

Table 1 Baseline demographic and clinical characteristics of 
study participants with antenatal corticosteroid treatment

Abbreviation: SD standard deviation

Characteristic N = 52,119

Age, mean (SD), year 31.91 (5.24)

Gestational weeks at delivery, mean (SD), week 34.93 (3.33)

Parity
 1 21,322 (40.91)

 2 24,489 (46.99)

 3 5309 (10.19)

  ≥ 4 999 (1.91)

Delivery mode, n (%)
 Vaginal 26,110 (50.10)

 Cesarean 26,009 (49.90)

Preterm delivery, n (%)
 No 19,728 (37.85)

 Yes 32,391 (62.15)

Premature rupture of membranes, n (%)
 No 35,199 (67.54)

 Yes 16,920 (32.46)

Gestational diabetes, n (%)
 No 40,784 (78.25)

 Yes 11,335 (21.75)

Gestational hypertension, n (%)
 No 44,411 (85.21)

 Yes 7708 (14.79)
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evaluate the potential influence of various durations 
(a 7-day washout period; and the baseline period of 
5 ~ 120  days prior to initiation of antenatal corticos-
teroid treatment versus two post-treatment periods of 
5 ~ 30 and 31 ~ 120 days after initiation of antenatal cor-
ticosteroid treatment), gestation at 24 weeks 0/7 days to 
33 weeks 6/7 days, independence of study events, expo-
sure to two or more courses of antenatal corticosteroid 
treatment; and no history of preeclampsia, premature 
rupture of the membranes and peripartum cardiomyo-
pathy, respectively. E-value measurement was employed 
to evaluate potential unmeasured confounding [17]. 
Subgroup analysis was carried out to examine potential 
differential effects of preterm (< 37 weeks of gestation) 
versus term (> 37 weeks of gestation) delivery, and the 
two most common kinds of corticosteroids used during 
the antenatal period: betamethasone and dexametha-
sone. All analyses were performed using SAS version 
9.4 (SAS Institute, Cary, NC, USA).

Results
Demographic and clinical characteristics of study 
participants at baseline
A total of 52,119 eligible participants during the study 
period from 2009 to 2018 were included. Table 1 reports 
the baseline demographic and clinical characteristics of 
the included study participants. The mean age at base-
line was 31.9 ± 5.2 years; mean gestational week at deliv-
ery was 34.9 ± 3.3 weeks; 32.5% had premature rupture of 
membranes; 21.8% had gestational diabetes; and 14.8% 
had gestational hypertension (Table  1). In addition, the 
characteristics of participants with and without antena-
tal corticosteroid treatment were presented (Additional 
file 1: Table S2). Compared to participants without ante-
natal corticosteroid treatment, participants with antena-
tal corticosteroid treatment had shorter gestational weeks 
at delivery and higher proportions of cesarean delivery, 
preterm delivery, premature rupture of membranes, ges-
tational diabetes, and gestational hypertension.

Incidence rates of the three adverse events
The incidence rates per 1000 person-years of the three 
severe adverse events (sepsis, heart failure, and gastroin-
testinal bleeding) for participants with and without ante-
natal corticosteroid treatment are provided in Table  2. 
The incidence rates among participants who received 
antenatal corticosteroid treatment were significantly 
greater than among those who did not receive antenatal 
corticosteroid treatment. The incidence rate differences 
per 1000 person-years between the two groups were 0.27 
[95% CI, 0.19–0.34] for sepsis, 0.21 [95% CI, 0.17–0.26] 
for heart failure, and 2.26 [95% CI, 1.96–2.56] for gastro-
intestinal bleeding (Table 2).

Risks of the three severe adverse events
Figure  2 indicates that the IRRs for sepsis and heart 
failure among participants with antenatal corticoster-
oid treatment during the first post-treatment period 
(5 ~ 60  days after administering antenatal corticoster-
oids) were significantly higher than during the baseline 
period (IRR: 5.91; 95% CI: 3.10–11.30 for sepsis; IRR: 
4.45; 95% CI: 2.63–7.55 for heart failure; IRR: 1.26; 95% 
CI: 1.02–1.55 for gastrointestinal bleeding). Likewise, sig-
nificant IRRs for the three adverse events during the sec-
ond post-treatment period (61 ~ 180  days after treating 
antenatal corticosteroids) were also observed (IRR: 2.00; 
95% CI: 1.01–3.96 for sepsis and 3.65; 95% CI: 2.14–6.22 
for heart failure; IRR: 1.81; 95% CI: 1.56–2.10 for gastro-
intestinal bleeding). The results showed no association 
between antenatal corticosteroid treatment and the risk 
of migraine, the negative control outcome (Additional 
file 1: Table S3).

Sensitivity analyses
We performed a series of sensitivity analyses to inves-
tigate the impact of the different durations of the 
washout and observation periods, different lengths of 
gestation (24  weeks 0/7  days to 33  weeks 6/7  days), 
independence of study events, exposure to two or more 
courses of antenatal corticosteroid treatment; and 
no history of preeclampsia, premature rupture of the 

Table 2 Incidence rates of sepsis, heart failure, and gastrointestinal bleeding in participants with and without antenatal corticosteroid 
treatment

Abbreviation: CI confidence interval, GI gastrointestinal

With antenatal corticosteroid treatment Without antenatal corticosteroid treatment Rate 
difference/1000 
person-years (95% 
CI)

Event No. of cases No. of person-
years

Incidence rate per 
1000 person-years 
(95% CI)

No. of cases No. of person-
years

Incidence rate per 
1000 person-
years (95% CI)

Sepsis 418 551,556 0.76 (0.69–0.83) 7773 15,831,237 0.49 (0.48–0.50) 0.27 (0.19–0.34)

Heart failure 173 552,754 0.31 (0.27–0.36) 1564 15,865,236 0.10 (0.09–0.10) 0.21 (0.17–0.26)

GI bleeding 5854 506,126 11.57 (11.27–11.87) 137,962 14,820,062 9.31 (9.26–9.36) 2.26 (1.96–2.56)
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membranes and peripartum cardiomyopathy, respec-
tively. The results indicated that participants with two 
or more courses of antenatal corticosteroid treatment 
tended to have higher risks of sepsis and heart failure 
than those with a single course, but the differences did 
not reach statistical significance. The observed results 
from the other sensitivity analyses were comparable to 
the findings from the main analysis (Table 3 and Addi-
tional file  1: Fig. S1). The estimated E-values for sep-
sis, heart failure, and gastrointestinal bleeding ranged 
from 1.83 to 11.30 in the first post-treatment period, 
and from 3.02 to 6.76 in the second post-treatment 
period, showing no considerable unmeasured con-
founding (Additional file 1: Table S4).

Subgroup analyses
We performed subgroup analyses stratified by ges-
tational age at delivery and the two different kinds of 
corticosteroids. Comparable risks were found between 
the group who delivered at term versus at preterm 
(Additional file 1: Table S5). The results from the sub-
group analysis comparing antenatal betamethasone 
with antenatal dexamethasone treatment are shown 
(Additional file  1: Fig. S2). Compared to the baseline 
period, similar risks of sepsis, heart failure, and gas-
trointestinal bleeding for each of the two post-treat-
ment periods were found between the group receiving 
antenatal betamethasone and those receiving antennal 
dexamethasone.

Discussion
In this nationwide population-based SCCS study in 
which 52,119 pregnant women were exposed to antenatal 
corticosteroid treatment, we found that a single course of 
antenatal corticosteroids was significantly associated with 
a 5.9-, 4.5-, and 1.3-fold increased risk of sepsis, heart 
failure, and gastrointestinal bleeding, respectively. The 
highest risk for sepsis and heart failure occurred within 
the first 2  months after receipt of antenatal corticoster-
oids, while the highest risk for gastrointestinal bleeding 
occurred in the third to sixth months after treatment. 
The results were robust across several sensitivity analyses 
including different durations of washout and observation 
periods, different lengths of gestation (24 weeks 0/7 days 
to 33 weeks 6/7 days), independence of the study events, 
and exposure to two or more courses of antenatal corti-
costeroid treatment. Subgroup analyses showed compa-
rable risks of severe adverse events in pregnant women 
who delivered at preterm or at term and who received 
treatment with antenatal betamethasone or dexametha-
sone. To our knowledge, this is the first nationwide SCCS 
study to demonstrate the association of antenatal corti-
costeroid treatment with risks of severe adverse events in 
pregnant women.

The findings suggest several implications. First, while 
the benefits of antenatal corticosteroid treatment for 
fetal maturation are well recognized, the lurking risks of 
severe adverse events in pregnant women remain unob-
served. This study provides real-world evidence that 
antenatal corticosteroid treatment is not harmless but 

Fig. 2 Association between antenatal corticosteroid treatment and three severe adverse events (sepsis, heart failure, and GI bleeding) during 2 
post‑treatment periods (5–61 and 61–180 days). IRR, incidence risk ratio; CI, confidence interval; GI, gastrointestinal
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poses potentially serious health risks to pregnant women. 
The findings not only reveal the potential risk of sepsis 
related to antenatal corticosteroid treatment, which is 
in line with previous studies [13, 18, 19], but also high-
light a novel positive association of antenatal corticos-
teroid treatment with heart failure and gastrointestinal 
bleeding. Second, our findings suggest that the increased 
risks of sepsis, heart failure, and gastrointestinal bleed-
ing persist up to 180 days after receipt of antenatal cor-
ticosteroid treatment—well into the postpartum period 
for all the women studied. It is important for clinicians 
to be aware of the potential harms of antenatal corticos-
teroid treatment to pregnant women, especially during 
the first several months of corticosteroid administration. 
Third, since the fetal benefits of antenatal corticosteroids 
make their continued use likely, our findings underscore 
the need for physicians and policymakers to incorporate 
maternal health considerations, including recommenda-
tions for adverse event monitoring, into future guidelines 
for antenatal corticosteroid treatment.

We evaluated the relative risks for three observation 
periods, one pre-treatment and two post-treatment peri-
ods, which approximately correspond to the pregnancy, 

peripartum, and postpartum periods, respectively. Our 
study found that the highest risk for sepsis and heart fail-
ure occurred within the first post-treatment period (the 
peripartum period) after antenatal corticosteroid treat-
ment. While this may be due to treatment effect alone, 
previous studies suggest an increased risk of sepsis and 
heart failure during the peripartum period relative to the 
remainder of pregnancy, even in women not exposed 
to corticosteroids [11, 20]. Our E-values for sepsis and 
heart failure suggest it is less likely that unmeasured con-
founding fully explains our results, and we note that the 
observed risks also persisted up to 180 days after receipt 
of antenatal corticosteroids, well into the postpartum 
period. Still, the observed increase in risks of sepsis and 
heart failure, especially during the first 2  months after 
antenatal corticosteroid exposure, should be interpreted 
with caution.

In contrast to sepsis and heart failure, the highest risk 
for gastrointestinal bleeding occurred at 3 to 6  months 
after antenatal corticosteroid exposure. Initially, it seems 
counterintuitive that the risk of an adverse event would 
be higher 3 to 6 months after an exposure than it would 
immediately post-exposure. However, pregnancy is a 

Table 3 Sensitivity analyses to investigate adverse events associated with antenatal corticosteroid treatment

Abbreviation: CI confidence interval, GI gastrointestinal
a Sepsis was adjusted for premature rupture of membranes, gestational diabetes, gestational hypertension, oral corticosteroid (OCS), non-steroidal anti-inflammatory 
drugs (NSAIDs), aspirin, systemic immunosuppressive agents, and acute conditions; heart failure was adjusted for premature rupture of membranes, gestational 
diabetes, gestational hypertension, OCS, NSAIDs, hormone replacement therapy, bronchodilators, antidiabetic drugs, cardiac glycosides, antihypertensive drugs, 
nitrates, antiplatelet drugs, and acute conditions; and GI bleeding was adjusted for premature rupture of membranes, gestational diabetes, gestational hypertension, 
OCS, NSAIDs, aspirin and proton pump inhibitors, and acute conditions
b To ensure consecutive events are independent, only the first event in each observation period was selected
c Excluded pregnancy conditions were preeclampsia, premature rupture of the membranes, and peripartum cardiomyopathy

Adverse event Events, n Incidence rate ratio (95% CI)

Crude Adjusteda

5–60 days 61–180 days 5–60 days 61–180 days

Pregnant women at 24 weeks 0/7 days to 33 weeks 6/7 days of gestation
 Sepsis 46 5.24 (2.56–10.7) 1.71 (0.79–3.70) 4.48 (2.16–9.28) 1.47 (0.67–3.21)

 Heart failure 89 6.11 (3.46–10.8) 2.93 (1.67–5.17) 3.98 (2.18–7.30) 3.38 (1.85–6.18)

 GI bleeding 678 1.24 (0.98–1.58) 2.18 (1.85–2.58) 1.13 (0.89–1.44) 1.68 (1.42–1.99)

Adverse events are independentb

 Sepsis 57 9.08 (4.25–19.4) 2.77 (1.23–6.21) 8.61 (4.01–18.5) 2.62 (1.16–5.92)

 Heart failure 97 11.7 (6.02–22.8) 1.33 (0.57–3.14) 11.2 (5.33–23.4) 2.31 (0.92–5.78)

 GI bleeding 683 1.74 (1.24–2.45) 2.33 (1.79–3.02) 1.60 (1.13–2.26) 1.80 (1.38–2.36)

Two or more courses of antenatal corticosteroid treatment
 Sepsis 11 12.6 (1.41–112) 8.8 (1.06–73.1) 12.8 (1.43–114) 8.90 (1.07–73.9)
 Heart failure 22 5.50 (1.61–18.8) 4.03 (1.28–12.7) 4.95 (1.44–17.1) 3.74 (1.19–11.8)
 GI bleeding 93 0.71 (0.36–1.42) 1.30 (0.85–2.00) 0.71 (0.36–1.41) 1.30 (0.84–2.01)

Exclusion of pregnancy conditionsc

 Sepsis 37 17.3 (5.96–50.2) 4.03 (1.28–12.7) 16.8 (5.58–50.5) 3.84 (1.18–12.5)
 Heart failure 75 4.47 (2.48–8.03) 2.24 (1.26–3.99) 3.95 (2.12–7.33) 3.33 (1.78–6.22)
 GI bleeding 760 1.37 (1.08–1.72) 2.60 (2.22–3.05) 1.29 (1.02–1.63) 1.91 (1.62–2.26)
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naturally hypercoagulable state due to elevated platelet 
aggregation, which could prevent hemorrhage during 
pregnancy [21, 22]. As such, the observed risk for gas-
trointestinal bleeding related to antenatal corticosteroid 
treatment may subsequently arise as the hypercoagu-
lable state of pregnancy progressively resolves over 4 to 
6 weeks after childbirth.

Dexamethasone and betamethasone are the most 
widely used corticosteroids prescribed for use among 
pregnant women at risk of delivering preterm babies 
[23]. Comparative effectiveness and safety between these 
two corticosteroids are unclear. Currently, there is no 
conclusive evidence to support that one is superior to 
the other—either for a neonate or a pregnant woman. A 
multicenter randomized controlled trial in Australia and 
New Zealand showed similar effects of betamethasone 
and dexamethasone treatment on infant health outcomes 
[23]. A retrospective cohort study suggested that antena-
tal betamethasone treatment was associated with lower 
rates of respiratory distress syndrome among neonates 
than antenatal dexamethasone [24]. However, another 
network meta-analysis indicated that dexamethasone was 
associated with a marginally reduced risk of chorioamni-
onitis among pregnant women, compared to betameth-
asone [25]. Our subgroup analysis found comparable 
maternal risks of the three adverse events related to the 
use of dexamethasone and betamethasone, respectively, 
providing initial data to support further investigations.

This study has several strengths. We used the entire 
national medical claims database in Taiwan; thus, the 
large sample size provides adequate statistical power 
to evaluate the effect of antenatal corticosteroid treat-
ment on three severe adverse events in pregnant women. 
Because of the universal health care program deployed 
in Taiwan, we are able to capture data for nearly every 
pregnant woman. Hence, the extent of potential recall or 
selection bias is minimized. The use of the SCCS design 
in this study automatically eliminates time-invariant 
confounding effects. Nevertheless, several limitations 
should be noted. First, as with all observational studies, 
the possibility of unmeasured confounding effects cannot 
be ruled out. Based on the E-values for the three severe 
adverse events, it is less likely that unmeasured confound-
ing can explain the observed risk for those three adverse 
events. Secondly, we were not able to adjust for maternal 
pre-pregnancy body mass index in the models because it 
is not available in the NHIRD. Even though the E-values 
indicated a limited extent of unmeasured confounding, 
and we adjusted for NSAIDs use in the models as well as 
excluded serious maternal complications, the influences 
of unmeasured confounding and confounding by indi-
cation cannot be totally ruled out. Hence, the observed 
results should be interpreted with caution. Third, we only 

examined three severe adverse events linked to antenatal 
corticosteroid treatment. It would be interesting to evalu-
ate whether the effects of antenatal corticosteroid treat-
ment can be generalized to additional health outcomes 
in women. Fourth, when stratified by preterm and term 
deliveries, most associations did not reach statistical 
significance in the term group, though they were in the 
same direction in the preterm and term groups. There 
may have been limited statistical power due to a small 
number of adverse events in the term group. Fifth, this 
study only investigated the effect of antenatal corticoster-
oid treatment in a population of Asian women. Further 
investigation is needed to validate the observed risks of 
three adverse events across different populations.

Conclusion
This nationwide SCCS study provides real-world evi-
dence that a single course of antenatal corticosteroids 
among pregnant women is significantly associated with 
a 1.3- to 5.9-fold increased risk of sepsis, heart failure, 
and gastrointestinal bleeding. Our findings suggest that 
providers should carefully weigh the potential risks and 
benefits of antenatal corticosteroid treatment when pre-
scribed for pregnant women. Additional studies, includ-
ing randomized clinical trials or prospective cohort 
studies, are warranted to better understand avoidable 
harms from the use of antenatal corticosteroid treatment.
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testinal. Table S1. ICD‑9‑CM and ICD‑10‑CM codes of the three adverse 
events and negative control outcome. Table S2. Baseline characteristics 
of study participants with and without antenatal corticosteroid treatment. 
Table S3. Incidence rate ratios for migraine (negative control outcome) 
associated with antenatal corticosteroid treatment. Table S4. Incidence 
rate ratios and E‑values for three adverse events associated with antenatal 
corticosteroid treatment. Table S5. Association between antenatal corti‑
costeroid treatment and three severe adverse events (sepsis, heart failure 
and GI bleeding) stratified by preterm versus full‑term delivery.

Acknowledgements
This study is based in part on data from the National Health Insurance 
Research Database provided by the Bureau of National Health Insurance of 
the Ministry of Health and Welfare, Taiwan. The interpretations and conclu‑
sions contained in this article do not represent those of the Bureau of National 
Health Insurance or the Ministry of Health and Welfare. We thank staff mem‑
bers in the Data Science Center of the Ministry of Health and Welfare, Taiwan, 
for their data management and maintenance. We thank Tami R. Bartell at the 

https://doi.org/10.1186/s12916-023-03125-w
https://doi.org/10.1186/s12916-023-03125-w


Page 8 of 8Tsai et al. BMC Medicine          (2023) 21:413 

Patrick M. Magoon Institute for Healthy Communities, Ann & Robert H. Lurie 
Children’s Hospital of Chicago Research Center for English editing.

Authors’ contributions
T‑CY and H‑JT had full access to all data in the study and took responsibility 
for the integrity of the data and the accuracy of the data analysis. T‑CY and 
H‑JT conceived the concept and design, supervised the study, and obtained 
funding. S‑MC, Y‑FT, and H‑JT conducted data analysis. H‑JT, BIW, AKW, XH, 
M‑LC, A‑CW, and T‑CY participated in data interpretation. T‑CY, A‑CW, and H‑JT 
drafted the manuscript. All authors reviewed the manuscript for important 
intellectual content, approved the manuscript, and made the final decision for 
submission.

Funding
This work was supported by grants from National Health Research Institutes, 
Taiwan (PI: Tsai, PH‑111‑PP‑08), Ministry of Science and Technology of Taiwan 
(PIs: Tsai, 107‑2314‑B‑400‑031‑MY3; and Yao, 106‑2314‑B‑182‑051‑MY3 
and 109‑2314‑B‑182‑042‑MY3), National Science and Technology Council 
of Taiwan (PI: Tsai 111‑2314‑B‑400‑040‑MY3), and Chang Gung Medical 
Foundation (PI: Yao, CMRPG3F1711‑3, CMRPG3J0121‑3, CMRPG3K1371‑2, and 
CMPRG3M1381). Dr. Wallace received no direct support for this work, but 
her effort during the time of this work was supported by the Veterans Affairs 
Administration (IK2CX002430).

Availability of data and materials
De‑identified participant data from the NHIRD of Taiwan are managed by the 
Taiwan Ministry of Health and Welfare. No additional data are available.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Institutional Review Board of the 
National Health Research Institutes, Taiwan (EC1050302‑E), and informed 
consent was waived because all data were encrypted.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Population Health Sciences, National Health Research Institutes, 
Zhunan, Taiwan. 2 National Tsing‑Hua University, Hsinchu, Taiwan. 3 Center 
for Clinical Management Research, Lieutenant Colonel Charles S. Kettles VA 
Medical Center, Ann Arbor, MI, USA. 4 University of Michigan, Ann Arbor, MI, 
USA. 5 Institute for Healthcare Policy and Innovation, Ann Arbor, MI, USA. 
6 Department of Population, Family and Reproductive Health, Center On 
Early Life Origins of Disease, Johns Hopkins University Bloomberg School 
of Public Health, Baltimore, MD, USA. 7 Department of Statistics, National Taipei 
University, Taipei, Taiwan. 8 Department of Obstetrics and Gynecology, Cathay 
General Hospital, Taipei, Taiwan. 9 Harvard Medical School, Boston, MA, USA. 
10 Division of Allergy, Asthma, and Rheumatology, Department of Pediatrics, 
Chang Gung Memorial Hospital, 5 Fu‑Hsin Street, Kweishan, Taoyuan 33305, 
Taiwan. 11 School of Medicine, Chang Gung University College of Medicine, 
Taoyuan, Taiwan. 

Received: 7 April 2023   Accepted: 23 October 2023

References
 1. Liggins GC, Howie RN. A controlled trial of antepartum glucocorticoid 

treatment for prevention of the respiratory distress syndrome in premature 
infants. Pediatrics. 1972;50(4):515–25.

 2. Ballard PL, Ballard RA. Scientific basis and therapeutic regimens for use of 
antenatal glucocorticoids. Am J Obstet Gynecol. 1995;173(1):254–62.

 3. Gilstrap LC, Christensen R, Clewell WH, et al. Effect of corticosteroids for fetal 
maturation on perinatal outcomes. NIH consensus development panel on 

the effect of corticosteroids for fetal maturation on perinatal outcomes. 
JAMA. 1995;273(5):413–8.

 4. Committee on Obstetric P. Committee Opinion No. 713: antenatal corticos‑
teroid therapy for fetal maturation. Obstet Gynecol. 2017;130(2):e102–9.

 5. Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end prevent‑
able deaths in mothers, newborn babies, and stillbirths, and at what cost? 
Lancet. 2014;384(9940):347–70.

 6. World Health Organization. WHO recommendations on interventions to 
improve preterm birth outcomes. https:// www. ncbi. nlm. nih. gov/ books/ 
NBK32 1160/. Accessed 1 Nov 2022.

 7. Waljee AK, Rogers MA, Lin P, et al. Short term use of oral corticosteroids and 
related harms among adults in the United States: population based cohort 
study. BMJ. 2017;357:j1415.

 8. Yao TC, Huang YW, Chang SM, Tsai SY, Wu AC, Tsai HJ. Association between 
oral corticosteroid bursts and severe adverse events : a nationwide 
population‑based cohort study. Ann Intern Med. 2020;173(5):325–30.

 9. Yao TC, Wang JY, Chang SM, et al. Association of oral corticosteroid bursts 
with severe adverse events in children. JAMA Pediatr. 2021;175(7):723–9.

 10. Cappell MS. Gastric and duodenal ulcers during pregnancy. Gastroenterol 
Clin North Am. 2003;32(1):263–308.

 11. Bright RA, Lima FV, Avila C, Butler J, Stergiopoulos K. Maternal heart failure. J 
Am Heart Assoc. 2021;10(14):e021019.

 12. Cordioli RL, Cordioli E, Negrini R, Silva E. Sepsis and pregnancy: do we know 
how to treat this situation? Rev Bras Ter Intensiva. 2013;25(4):334–44.

 13. Althabe F, Belizán JM, McClure EM, et al. A population‑based, multifaceted 
strategy to implement antenatal corticosteroid treatment versus standard 
care for the reduction of neonatal mortality due to preterm birth in low‑
income and middle‑income countries: the ACT cluster‑randomised trial. 
Lancet. 2015;385(9968):629–39.

 14. Chang SH, Chou IJ, Yeh YH, et al. Association between use of non‑vitamin 
K oral anticoagulants with and without concurrent medications and risk of 
major bleeding in nonvalvular atrial fibrillation. JAMA. 2017;318(13):1250–9.

 15. Kuo CF, Grainge MJ, Valdes AM, et al. Familial aggregation of systemic lupus 
erythematosus and coaggregation of autoimmune diseases in affected 
families. JAMA Intern Med. 2015;175(9):1518–26.

 16. Petersen I, Douglas I, Whitaker H. Self controlled case series methods: an 
alternative to standard epidemiological study designs. BMJ. 2016;354:i4515.

 17. VanderWeele TJ, Ding P. Sensitivity analysis in observational research: intro‑
ducing the E‑value. Ann Intern Med. 2017;167(4):268–74.

 18. McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal corticosteroids for 
accelerating fetal lung maturation for women at risk of preterm birth. 
Cochrane Database Syst Rev. 2020;12:CD004454.

 19. Rohwer AC, Oladapo OT, Hofmeyr GJ. Strategies for optimising antenatal 
corticosteroid administration for women with anticipated preterm birth. 
Cochrane Database Syst Rev. 2020;5:CD013633.

 20. Knowles SJ, O’Sullivan NP, Meenan AM, Hanniffy R, Robson M. Maternal sep‑
sis incidence, aetiology and outcome for mother and fetus: a prospective 
study. BJOG. 2015;122(5):663–71.

 21. Maybury HJ, Waugh JJ, Gornall A, Pavord S. There is a return to non‑preg‑
nant coagulation parameters after four not six weeks postpartum following 
spontaneous vaginal delivery. Obstet Med. 2008;1(2):92–4.

 22. Sharma S, Uprichard J, Moretti A, Boyce H, Szydlo R, Stocks G. Use of throm‑
boelastography to assess the combined role of pregnancy and obesity on 
coagulation: a prospective study. Int J Obstet Anesth. 2013;22(2):113–8.

 23. Crowther CA, Ashwood P, Andersen CC, et al. Maternal intramuscular 
dexamethasone versus betamethasone before preterm birth (ASTEROID): a 
multicentre, double‑blind, randomised controlled trial. Lancet Child Adolesc 
Health. 2019;3(11):769–80.

 24. Feldman DM, Carbone J, Belden L, Borgida AF, Herson V. Betamethasone vs 
dexamethasone for the prevention of morbidity in very‑low‑birthweight 
neonates. Am J Obstet Gynecol. 2007;197(3):284 e1‑4.

 25. Ciapponi A, Klein K, Colaci D, et al. Dexamethasone versus betamethasone 
for preterm birth: a systematic review and network meta‑analysis. Am J 
Obstet Gynecol MFM. 2021;3(3):100312.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK321160/
https://www.ncbi.nlm.nih.gov/books/NBK321160/

	Association between antenatal corticosteroid treatment and severe adverse events in pregnant women
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Study design and participants
	Antenatal corticosteroid treatment
	Study outcomes
	Covariates
	Statistical analysis

	Results
	Demographic and clinical characteristics of study participants at baseline
	Incidence rates of the three adverse events
	Risks of the three severe adverse events
	Sensitivity analyses
	Subgroup analyses

	Discussion
	Conclusion
	Anchor 23
	Acknowledgements
	References


