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Abstract 

Background: This study aimed to investigate the effect of glucocorticoid doses on adverse pregnancy outcomes 
(APOs) in women complicated by systemic lupus erythematosus (SLE).

Methods: We investigated 74 pregnancies complicated by SLE or SLE-dominant mixed connective tissue disease. 
The pregnancies were managed from conception to delivery in our institution. We retrospectively evaluated whether 
the mean glucocorticoid dose during pregnancy is associated with APOs, including preterm birth (PB), low birth 
weight (LBW), and light-for-date (LFD). We also calculated the cut-off dose of glucocorticoid that affected APOs.

Results: All APOs occurred in 35 (50.7%) patients, with 14 cases of PB, 23 cases of LBW, and 10 cases of LFD. Patients 
with all APOs or PB had a higher dose of glucocorticoid during pregnancy than patients without all APOs or with 
full-term birth (P = 0.03, P <  0.01, respectively). Logistic regression analysis for all APOs and PB showed that the cut-off 
values of the mean glucocorticoid dose were 6.5 and 10.0 mg/day, respectively. Patients who delivered LBW or LFD 
newborns showed no significant difference in the glucocorticoid dose used during pregnancy than patients without 
LBW or LFD newborns. Patients who delivered LBW newborns were more likely to have used glucocorticoids during 
pregnancy (P <  0.01).

Conclusions: In pregnancies complicated by SLE, a relatively lower dose of glucocorticoid than previously reported 
is significantly related to APOs, especially PB. Therefore, the disease activity of patients with SLE should be managed 
with the appropriate lower dose of glucocorticoid during pregnancy.

Keywords: Glucocorticoid, Systemic lupus erythematosus, Adverse pregnancy outcome, Preterm birth

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Systemic lupus erythematosus (SLE) occurs in women 
of child-bearing age. Recently, patients with SLE have 
been able to be diagnosed earlier according to the 
diagnosis or classification criteria of each disease and 
achieve long-term remission by treatment agents, 
including glucocorticoids and several immunosuppres-
sants. Therefore, women with SLE who used to avoid 
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pregnancy because of their disease, can currently con-
ceive and become mothers. However, women with SLE 
have more difficulty in achieving a successful pregnancy 
than healthy women. Women with SLE have a higher 
risk of adverse pregnancy outcomes (APOs), includ-
ing preterm birth (PB), light-for-date (LFD), premature 
rupture of the membranes (PROM), and preeclampsia 
[1–6]. These APOs are related to uncontrolled high 
disease activity [7–10]. Therefore, SLE disease activity 
needs to be strictly controlled with glucocorticoids and 
immunosuppressants, which are tolerable in pregnancy.

Glucocorticoids are the most commonly used agents 
for maintaining and managing high aggressive disease 
activity during pregnancy. The updated British Soci-
ety for Rheumatology guideline, the European League 
Against Rheumatism recommendation, and the 2020 
American College of Rheumatology (ACR) guideline 
showed that prednisolone was compatible with each 
trimester of pregnancy [11–13]. After completion of 
placental development, maternal glucocorticoids are 
metabolized by 11-beta-hydroxylase in the placenta, 
and < 10% of the dose of prednisone or prednisolone 
crosses the placenta. Several studies have shown that 
glucocorticoids are not associated with major abnor-
malities, especially in oral cleft [14, 15]. However, 
a prolonged high dose of glucocorticoid use during 
pregnancy increases the risk of APOs. Reinisch et  al. 
showed that intrauterine growth restriction was asso-
ciated with glucocorticoids, and it was independent of 
maternal disease activity [16]. Many studies have also 
shown that steroid use during pregnancy is a risk fac-
tor for PB and low birth weight (LBW) [15, 17–19]. 
Charkravarty et al. found that preterm delivery was also 
associated with glucocorticoid use in pregnancies com-
plicated by SLE [20]. In addition, high doses of gluco-
corticoids increase the risk of serious infection during 
pregnancy [21].

Several reports have also described that using < 20 mg/
day of prednisolone during pregnancy and sometimes 
higher doses of prednisolone are appropriate for aggres-
sive disease activity [22–24]. Palmsten et al. showed that 
high doses of prednisolone (> 20 mg/day) early and late 
in pregnancy were associated with PB [25]. Additionally, 
the ACR guideline showed that glucocorticoids should be 
tapered to < 20 mg/day by adding pregnancy-compatible 
immunosuppressants [11]. However, whether a gluco-
corticoid dose of < 20 mg/day is appropriate for mothers 
with SLE and infants has not been clarified.

Therefore, this study aimed to investigate the effect of 
glucocorticoid doses on adverse pregnancy outcomes 
(APOs), including PB, LBW and LFD, in women com-
plicated by SLE. We also evaluated which glucocorticoid 
dose can cause these APOs.

Methods
Patients and data collection
Our study used data from patients with SLE and those 
with SLE-dominant mixed connective tissue disease 
(MCTD) who were treated in Kagawa University Hospi-
tal from March 2006 to April 2021. These patients were 
diagnosed with the 1997 ACR revised criteria for SLE 
[26] or the 2019 Japanese Ministry of Health, Labour 
and Welfare diagnostic criteria of MCTD [27]. MCTD 
was diagnosed with any two characteristics of SLE, 
myositis, and systemic sclerosis. SLE-dominant MCTD 
was defined as patients with MCTD who mainly had 
symptoms of SLE and immunological abnormalities, 
such as erythema, low complement levels, or a high 
titer of anti-double stranded antibody. The patients 
were treated at Kagawa University Hospital from pre-
conception counseling to pregnancy and delivery. We 
investigated these patients’ clinical background (age at 
conception disease duration, which was defined as the 
period from disease onset to conception, and parity), 
autoantibody profiles (including anti-SS-A/B antibod-
ies and antiphospholipid antibodies), SLE disease activ-
ity scores and parameters, and the status of treatment 
agents (immunosuppressants and glucocorticoid used). 
The disease activity score was calculated using the SLE 
Disease Activity Index (SLEDAI) [28, 29] and the lupus 
low disease activity state (LLDAS) [30]. The parameters 
of the SLE disease activity score included complement 
levels of C3, C4, and CH50, and the titer of anti-dsDNA 
antibody. All laboratory tests were performed using 
standard methods.

We examined glucocorticoid use at conception or 
during pregnancy, and the mean dose of glucocorticoid, 
which was defined as the average glucocorticoid dose 
from conception to delivery. Additionally, we investi-
gated whether the dose of glucocorticoid needed to be 
increased during pregnancy.

We evaluated the association between glucocorticoid 
use and APOs, which included PB, LBW, and LFD. PB 
was defined as delivery before 37 gestational weeks. 
LBW was defined as newborns who were born weigh-
ing < 2500 g. LFD was defined as newborns whose birth 
weight was lower than the 10th percentile. PROM 
was defined as rupture of the membranes (amniotic 
sac) before labor began, and preterm PROM occurred 
before 37 gestational weeks.

All data were retrospectively collected from medical 
records at Kagawa University Hospital. This was a ret-
rospective, observational study. Therefore, we did not 
require ethical approval. We did not obtain informed 
consent from each patient, however, we disclosed the 
information of our research.
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Statistical analysis
Values are presented as mean ± standard deviation or 
number (%). We performed univariate analysis to deter-
mine the associations between APOs and glucocorticoid 
use, mean glucocorticoid dose, and increasing the dose 
of glucocorticoid during pregnancy. A logistic regression 
analysis of the associations between the glucocorticoid 
dose and APOs, PB, LBW, and LFD was performed. The 
receiver operating characteristic (ROC) curve was used 
to determine the cut-off value for the mean glucocorti-
coid dose that affected APOs. Descriptive statistics were 
compared using the Wilcoxon rank sum test for con-
tinuous variables and Fisher’s exact test for categorical 
variables. A two-sided P value of < 0.05 was considered 
significant. We evaluated parameters with significant dif-
ferences (P <  0.05) as risk factors. All analyses were con-
ducted using JMP for Mac, Version 13.0.0 (SAS Institute, 
Japan).

Results
Patients’ characteristics and treatments
Our study used data from 74 pregnancies in 52 patients 
with SLE and those with SLE-dominant MCTD. The 
patients’ characteristics, disease activities, treatment 
agents, and pregnancy outcomes are shown in Table  1. 
The mean age at delivery was 31.8 ± 4.4 years and the 
mean disease duration was 10.0 ± 5.1 years. Forty-two 
(56.8%) patients were positive for anti-SS-A antibody 
and 29 (39.2%) were positive for antiphospholipid anti-
bodies. With regard to disease activity parameters, the 
mean SLEDAI score in the first and third trimesters 
was 1.8 ± 2.1 and 1.2 ± 1.9, respectively. Forty (59.7%) 
achieved an LLDAS and 50 (74.6%) achieved an LLDAS 
without a glucocorticoid dose at conception. Comple-
ment levels were normal (C3: 89.8 ± 21.4, C4: 18.2 ± 6.7, 
CH50: 41.0 ± 9.6), and the titer of anti-dsDNA anti-
body was almost normal (10.8 ± 32.6). Regarding treat-
ment agents used at conception and during pregnancy, 
immunosuppressants were administered in 16 (21.6%) 
patients at conception. Glucocorticoids were admin-
istered in 57 (77.0%) patients at conception and in 61 
(82.4%) patients during pregnancy, and all of them took 
prednisone. The mean dose of glucocorticoid at concep-
tion was 6.5 ± 3.2 mg/day, and that during pregnancy 
was 8.4 ± 4.8 mg/day. Fifteen (20.3%) patients needed to 
increase their dose of glucocorticoid during pregnancy 
because the SLE disease activity was elevated.

Pregnancy outcomes
Table  1 also shows the pregnancy outcomes in all 
patients. Fifteen (20.3%) patients experienced loss of the 
newborn because of eight (10.8%) cases of spontaneous 

abortion, two (2.7%) cases of stillbirth, and five (6.8%) 
cases of induced abortion. In 59 (79.7%) patients with 
a live birth, the mean gestational age at delivery was 
37.5 ± 3.0 weeks. The mean birth weight of newborns was 
2643.3 ± 665.2 g. APOs occurred in 35 (50.7%) women, 
and these included spontaneous abortion, stillbirth, 14 
(23.7%) cases of PB, 23 (39.0%) cases of LWB, 10 (16.9%) 
cases of LFD, 7 (11.9%) cases of preterm PROM, and 5 
(8.6%) cases of preeclampsia.

Analysis of risk factors for APOs
We investigated the associations between glucocorti-
coid use and all APOs, PB, LBW, and LFD in all patients 
(Table  2). All APOs were evaluated in 69 patients after 
excluding 5 cases of induced abortion. Additionally, PB, 
LBW, and LFD were examined in 59 patients after exclud-
ing 8 cases of spontaneous abortion and 2 cases of still-
birth. The mean glucocorticoid dose during pregnancy 
was significantly higher in patients who had all APOs or 
PB than in patients without all APOs or with full-term 
birth (P = 0.03 and P <   0.01, respectively). The rate of 
increasing the glucocorticoid dose was also significantly 
higher in patients with all APOs or PB than in patients 
without all APOs or with full-term birth (P = 0.01 and 
P <  0.01, respectively). We performed logistic regression 
analysis of the mean glucocorticoid dose for APOs and PB 
(Fig. 1). The ROC curve showed that the area under the 
curve (AUC) was 0.674 and 0.808 for all APOs and PB, 
respectively. The cut-off value of the mean glucocorticoid 
dose was 6.5 and 10.0 mg/day, respectively (P = 0.01 and 
P <  0.01). In patients who had a newborn with a LBW, the 
rates of glucocorticoid use and increasing doses of glu-
cocorticoids during pregnancy were significantly higher 
than those in patients with newborns without LBW (both 
P <  0.01). However, there was no significant difference in 
the mean glucocorticoid dose between these two groups 
(P > 0.05). There were no significant differences in the 
rate of glucocorticoid use, mean glucocorticoid dose, or 
the rate of increasing dose of glucocorticoid during preg-
nancy between patients with newborns who were LFD 
and those with newborns who were not LFD (P = 0.19, 
P = 0.26, and P = 1.00, respectively). In logistic regression 
analysis for LBW and LFD, the ROC curve showed that 
the AUC was 0.662 and 0.615, respectively, but they were 
not significant (P = 0.06 and P = 0.18, respectively, Fig. 1). 
Additionally, the cut-off value of the mean glucocorticoid 
dose was 6.5 and 6.7 mg/day, respectively. In patients who 
had preterm PROM or preeclampsia, there was no sig-
nificant difference in the rate of glucocorticoid use or the 
mean glucocorticoid dose during pregnancy compared 
with those without preterm PROM or preeclampsia 
(Additional file 1).
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Table 1 Patients’ characteristics, disease activities, treatment agents, and pregnancy outcomes

Values are shown as mean ± standard deviation or n (%). LAC lupus anti-coagulant, CLβ2GP1 cardiolipin-beta 2 glycoprotein 1, SLEDAI Systemic Lupus Erythematosus 
Disease Activity Index, LLDAS lupus low disease activity state, APOs adverse pregnancy outcomes, PB preterm birth, LBW low birth weight, LFD light-for-date, PROM 
premature rupture of the membranes, NICU neonatal intensive care unit

(n = 74)

Patients’ characteristics
 Mean age at delivery, years 31.8 ± 4.4
 Mean disease duration, years 10.0 ± 5.1
 Parity, n (%) 40 (54.1)
 Autoantibody positivity
  Anti-SS-A antibody, n (%) 42 (56.8)

  Antiphospholipid antibodies, n (%) 29 (39.2)

   LAC/anti-cardiolipin/anti-CLβ2GP1 23 (31.1)/10 (13.5)/3 (4.1)

   Number of positive antibodies (single/double/triple) 22 (29.7)/6 (8.1)/1 (1.4)

 Disease activity parameters First trimester (at conception) Third trimester
  Mean SLEDAI score 1.8 ± 2.1 1.2 ± 1.9

  Achievement of LLDAS, n (%) 40 (59.7) 35 (58.3)

  Achievement of LLDAS without a glucocorticoid dose, n (%) 50 (74.6) 50 (83.3)

  C3, mg/dl 89.8 ± 21.4 101.9 ± 23.1

  C4, mg/dl 18.2 ± 6.7 17.9 ± 7.2

  CH50, IU/ml 41.0 ± 9.6 42.7 ± 10.1

  Titer of anti-dsDNA antibody, IU/ml 10.8 ± 32.6 5.8 ± 12.3

Status of treatment agents
 Immunosuppressant use at conception, n (%) 16 (21.6)

 Hydroxychloroquine use during pregnancy, n (%) 10 (13.5)
 Glucocorticoid use
  Use at conception, n (%) 57 (77.0)

  Mean dose at conception, mg/day 6.5 ± 3.2

  Use during pregnancy, n (%) 61 (82.4)

  Mean dose during pregnancy, mg/day 8.4 ± 4.8

  Increasing doses used, n (%) 15 (20.3)

Pregnancy outcomes (n = 74)

 Neonatal loss, n (%) 15 (20.3)
  Spontaneous abortion, n (%) 8 (10.8)

  Stillbirth, n (%) 2 (2.7)

  Induced abortion, n (%) 5 (6.8)

 Live birth, n (%) 59 (79.7)
  Cesarean section, n (%) 16 (27.1)

  Gestational age at delivery, weeks 37.5 ± 3.0

  Birth weight of newborns, g 2643.3 ± 665.2

 APOs, n (%) 35 (50.7)
  Spontaneous abortion, n (%) 8 (10.8)

  Stillbirth, n (%) 2 (2.7)

  PB, n (%) 14 (23.7)

  LBW newborns, n (%) 23 (39.0)

  LFD newborns, n (%) 10 (16.9)

  Preterm PROM, n (%) 7 (11.9)

  Preeclampsia, n (%) 5 (8.6)

  NICU administration, n (%) 17 (28.8)
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We also investigated the associations between disease 
activity parameters and all APOs, PB, LBW, and LFD in 
all patients (Table 3). All APOs were significantly asso-
ciated with achievement of an LLDAS without a glu-
cocorticoid dose at the third trimester (P = 0.01), the 
SLEDAI score at the first and third trimesters (P = 0.01 
and P  = 0.02, respectively), and C3 levels at the first 
trimester (P  = 0.01). PB was significantly associated 
with achievement of an LLDAS at the third trimester 
(P  = 0.01), achievement of an LLDAS without a glu-
cocorticoid dose at the first and third trimesters (both 

of P  <   0.01), the SLEDAI score at the first trimester 
(P <   0.01), C3 levels at the first and third trimesters 
(P = 0.02 and P <  0.01, respectively), CH50 levels at the 
third trimester (P = 0.02), and the titer of anti-dsDNA 
antibody at the first trimester (P = 0.01). LBW was sig-
nificantly associated with achievement of an LLDAS 
without glucocorticoid at the third trimester (P <  0.01), 
the SLEDAI score at the first and third trimesters 
(P = 0.03 and P = 0.02), and C3 and CH50 concentra-
tions at the first trimester (both P  = 0.01). However, 
there was no significant association between LFD and 
any disease activity parameters.

Fig. 1 ROC curves based on logistic regression analysis of cut-off values for the mean glucocorticoid dose. A. ROC curve for APOs (P = 0.01). The 
AUC was 0.674 and the cut-off value for the mean prednisone dose was 6.5 mg/day. B. ROC curve for PB (P < 0.01). The AUC was 0.808 and the 
cut-off value for the mean prednisone dose was 10.0 mg/day. C. ROC curve for LBW (P = 0.06). The AUC was 0.662 and the cut-off value for the 
mean prednisone dose was 6.5 mg/day. D. ROC curve for LFD (P = 0.18). The AUC was 0.615 and the cut-off value for the mean prednisone dose was 
6.7 mg/day. ROC: receiver operating characteristic; AUC: area under the curve; TPF: true positive fraction; FPF: false positive fraction; APOs: adverse 
pregnancy outcomes; PB: preterm birth; LBW: low birth weight; LFD: light-for-date
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Discussion
In this retrospective study, we showed that the mean glu-
cocorticoid dose used during pregnancy was significantly 
related to APOs, especially in patients who had PB, in 
pregnancies complicated by SLE and in those with SLE-
dominant MCTD. Additionally, women who delivered 
LBW newborns had a higher rate of glucocorticoid use 
during pregnancy than those without LBW. We found 
that the cut-off doses of glucocorticoid that affected all 
APOs and PB were 6.5 and 10.0 mg/day, respectively. 
Additionally, a relatively lower dose of glucocorticoid 
used during pregnancy than that previously reported 
[22–25] could cause APOs, especially PB. Furthermore, 
some of the disease activity parameters were associated 
with APOs, PB, and LBW, but not with LFD.

Previous studies have shown a significant association 
between connective tissue disease (CTD) and APOs, 
including PB, LBW, PROM, and preeclampsia [1–4]. In 
particular, patients with SLE have an increased risk of 
APOs, which are associated with a high disease activity 
and disease flare-ups during pregnancy [5–10]. There-
fore, the disease activity of SLE needs to be maintained 
during pregnancy with therapeutic agents that do not 
affect fetal development. Glucocorticoids are most fre-
quently used for maintenance and flare-up of CTD 
during pregnancy. In our study, glucocorticoids were 
administered in approximately 80% of women at con-
ception and during pregnancy. Some patients needed to 
increase the dose of glucocorticoid and continue a high 
dose during pregnancy because of their elevated disease 
activity.

However, prolonged glucocorticoid use during preg-
nancy is also a risk factor for APOs. Reinisch et  al. 
showed that oral glucocorticoids (especially prednisone) 
were associated with intrauterine growth restriction in 
humans and mice, and this was independent of mater-
nal disease [16]. Furthermore, many studies have also 
shown that steroid use during pregnancy is a risk factor 
for PB and low birth weight (LBW) [15, 17–19]. Similar 
to these previous studies, our study showed that women 
who delivered LBW newborns were more likely to have 
used glucocorticoids during pregnancy. Additionally, 
we showed that the mean glucocorticoid dose used dur-
ing pregnancy was significantly associated with all APOs 
and PB. However, these APOs were strongly associated 
with women who had increased doses of glucocorti-
coids because of an elevated disease activity. We found 
that some disease activity parameters were significantly 
related to all APOs, PB, and LBW, but not to LFD. There-
fore, APOs are associated not only with glucocorticoid 
use and the mean glucocorticoid dose, but also with SLE 
disease activity. Determining whether glucocorticoids or 
disease activity is the most strongly associated with these 

APOs is difficult because of the small number of patients 
and outcomes in our study.

The glucocorticoid dose that can be tolerated in moth-
ers with CTD and their fetus during pregnancy is unclear. 
Some reports have suggested that the prednisone dose 
should be < 20 mg/day [22–25]. The 2020 ACR guideline 
for the management of reproductive health also recom-
mends tapering the prednisone dose to < 20 mg/day by 
adding pregnancy-compatible immunosuppressants 
[11]. However, whether < 20 mg/day of prednisone affects 
APOs is unclear. We found that the cut-off doses of glu-
cocorticoid that affected all APOs and PB were 6.5 and 
10.0 mg/day, respectively. The dose that could cause all 
APOs and PB in our study was relatively lower than that 
previously reported [22–25]. Therefore, an even lower 
dose of glucocorticoid < 20 mg/day could be a risk factor 
for APOs and PB.

Recently, some immunosuppressants have been rec-
ognized as safe and compatible during pregnancy. The 
ACR, European League Against Rheumatism, and British 
Society for Rheumatology guidelines show the availability 
of each drug in the period of preconception, during preg-
nancy, and at breastfeeding [11–13]. These drugs might 
be helpful in reducing the risk of APOs.

Our study has several limitations. First, our sample 
comprised a small number of patients, and there was also 
a small number of outcome events, which might have 
resulted in a low statistical power. Second, we could not 
fully exclude the heterogeneity of MCTD. In our study, 
patients with SLE-dominant MCTD who mainly had 
SLE symptoms and immunological abnormalities were 
enrolled, but these patients had some features of myositis 
or sclerosis. Third, this study was conducted in only one 
expert institution. Therefore, we might have collected 
data on patients with relatively high levels of disease 
activity and risk.

Conclusions
Continuing glucocorticoid use and the glucocorticoid 
dose used during pregnancy are significantly associated 
with APOs, including PB and LBW, in patients with SLE. 
Additionally, the cut-off doses of glucocorticoid that can 
cause all APOs and PB are 6.5 and 10.0 mg/day, respec-
tively. Additionally, a relatively lower dose of glucocorti-
coids used during pregnancy than previously reported is 
strongly associated with all APOs and PB. Rheumatolo-
gists should pay attention to the risk of glucocorticoids in 
patients with SLE and manage their disease activity with 
an appropriate dose of glucocorticoid during pregnancy.
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