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Abstract 

Objectives  To evaluate the safety, efficacy, and maternal and fetal outcomes of assisted reproductive therapy (ART) 
in systemic lupus erythematosus (SLE).

Methods  Patients from three tertiary hospitals from Guangzhou, China followed-up from 2013 to 2022 were 
included retrospectively. Patients with planned or unplanned natural pregnancy were chosen as controls. ART proce-
dure and pregnancy outcomes were recorded and compared.

Results  A total of 322 ART cycles in 142 women were analyzed. Sixty-six intrauterine pregnancies out of 72 clinical 
pregnancies yielded 65 live infants, including 5 pairs of twins. The clinical pregnancy rate was 46.5% (66/142). The 
mean age at the first clinical pregnancy was 34.0 ± 3.8 years. The median (interquartile range, IQR) disease course was 
42.5 (25, 84.8) months. Twenty-seven (40.9%) of them had a history of adverse pregnancy. Primary infertility occurred 
in 20 (30.3%) patients. Obstruction of fallopian tubes (17/66, 25.8%) and premature ovarian failure (9/66, 13.6%) were 
the leading causes for infertility.  Ovulation induction therapy (OIT) were conducted in 60 (83.3%) pregnancies, and 
no ovarian hyperstimulation syndrome (OHSS) or thrombosis was observed. The leading maternal adverse pregnancy 
outcomes (APOs) included premature delivery (21/66, 31.8%), gestational diabetes mellitus (GDM) (15/66, 22.7%), 
and disease flares (10/66, 15.2%). Spontaneous premature delivery (9/21, 42.9%) and preterm premature rupture 
of membranes (PPROM) (6/21, 28.6%) were the leading causes for premature delivery. Preeclampsia (19.0% vs 0%, 
P = 0.012) increased in premature delivery. Infants delivered prematurely were likely to be low-birth-weight (LBW)/
very-low-birth-weight (VLBW) (81.0% vs 7.7%, P < 0.001). Disease flares were mild (4/10, 40.0%) or moderate (5/10, 
50.0%), and developed during the second (3/10, 30.0%) or third (6/10, 60.0%) trimester with favorable outcomes. 
Fetal loss in ART (6/66, 9.1%) was primarily attributed to early spontaneous abortion (n = 5). The average delivery 
time was 36.8 ± 2.1 weeks of gestation. The average birth weight was 2653.5 ± 578.6 g. LBW infants accounted for 
30.8% (20/65). No neonatal death or neonatal lupus occurred. The incidence of adverse pregnancy outcomes did 
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not increase in patients with ART compared with planned pregnancy and reduced significantly compared with an 
unplanned pregnancy.

Conclusion  The safety and efficacy of ART is assured in lupus patients with stable disease. Maternal and fetal APOs 
are comparable with planned pregnancy, with a relatively high incidence of premature delivery, GDM, and LBW 
infants.

Keywords  Assisted reproductive therapy, Systemic lupus erythematosus, Pregnancy, Anti-phospholipid antibody, 
Ooutcome

Introduction
Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease affecting multiple organs including the 
reproductive system. Most of the patients with SLE are at 
childbearing age. Benefit from the diagnostic and thera-
peutic advances, patients with SLE are no longer dis-
couraged from pregnancy under certain circumstances. 
However, it has been estimated that more than 50% of 
the lupus patients have less children than desired [1]. 
Chronic inflammation in SLE causes dysfunction of the 
hypothalamic-pituitary-ovarian axis, auto-oophoritis, 
and abnormal uterine bleeding, resulting in menstrual 
irregularity and premature ovarian failure [2]. The pres-
ence of anti-phospholipid antibodies leads to micro-
thrombosis and impairs the embryo implantation [3]. 
Toxicity secondary to immunosuppressants such as 
cyclophosphamide (CYC) represents a common driver of 
infertility across SLE. Besides, worries for disease flares 
contribute to the postponing of pregnancy.

Assisted reproductive therapy (ART) is a well-devel-
oped technique for infertility and is widely used in the 
general population. The application of ART in lupus 
patients remains to be a matter of ongoing debate. Wor-
ries lie in lupus flares and thrombotic events induced 
by ovulation induction therapy (OIT), and the uncer-
tainty of pregnancy outcomes hinders the manipulation 
of ART. With the advances in our knowledge and treat-
ment options, however, ART is carried out successfully 
in lupus patients. It is strongly recommended in women 
with uncomplicated rheumatic and musculoskeletal dis-
eases whose disease is stable/quiescent [4].

Until recently, most studies of ART procedures pay lit-
tle attention to maternal diagnosis. Studies of ART with 
interest in SLE report very small numbers. Herein, we 
conducted a multi-center retrospective study to evaluate 
the safety, efficacy, and complications of ART in SLE.

Patients and methods
Patients and data collection
A multi-center, observational, retrospective study was 
performed. Consecutive patients with SLE followed 
up during one or more cycles of ART in three tertiary 

hospitals from Guangzhou (i.e., the First Affiliated Hos-
pital of Sun Yat-sen University, the Sixth Affiliated Hos-
pital of Sun Yat-sen University, the Third Affiliated 
Hospital of Guangzhou Medical University) from Janu-
ary 2013 to October 2022 were included. Lupus patients 
with natural pregnancy during the same period were 
selected as controls and divided into planned pregnancy 
and unplanned pregnancy. SLE was diagnosed accord-
ing to the 1997 ACR diagnostic criteria [5]. The data of 
clinical phenotype of lupus, obstetric history, outcome of 
pregnancies, obstetrical complications, perinatal compli-
cations of newborns, laboratory tests, and medical treat-
ments before and during pregnancy were collected and 
reviewed by two rheumatologists (D.C and Z.Z).

ART procedure
Woman meeting the following criteria were eligible for 
ART: (1) incapacity to fulfill pregnancy after a reasonable 
time (> 1 year) of sexual intercourse with no contracep-
tive measures taken, (2) no moderate or severe SLE flares 
for at least a year, (3) absence of major organ dysfunction, 
(4) oral prednisone ≤ 10 mg per day, (5) discontinuation 
of immunosuppressants including CYC, methotrexate, 
and mycophenolate mofetil for at least 6  months, for 
those who were taking leflunomide, wash-out therapy 
was administered and leflunomide was withdrawn for at 
least 6  months. All the patients were transferred to the 
reproductive centers after disease evaluation by rheuma-
tologists. Patients were re-evaluated by the obstetricians 
for indications for ART. Those who received ART were 
followed by a multi-disciplinary team afterwards accord-
ing to Chinese recommendations for perinatal care in 
high-risk women [6].

ART included ovarian stimulation, oocyte retrieval, 
in  vitro fertilization (IVF), and transfer of the fertilized 
embryo into the uterus. Intrauterine insemination (IUI) 
was performed by injecting the sperm directly into the 
uterus. IVF/intracytoplasmic sperm injection (ICSI) 
was conducted by removing an oocyte from the ova-
ries, fertilizing it with semen outside the body, and then 
replacing it back to the womb. Preimplantation genetic 
testing (PGT) encompasses preimplantation genetic 
screening (PGS) and preimplantation genetic diagnosis 
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(PGD). Briefly, embryos cultured in vitro were analyzed 
for a monogenic disease, and only disease-free embryos 
were transferred to the mother, to avoid the termination 
of pregnancy with an affected fetus. PGT was primarily 
applied to elderly pregnant women, women with recur-
rent miscarriage, women with recurrent transplant fail-
ure, parental chromosomal diseases, parental monogenic 
inherited diseases, and parental thalassemia. Clinical 
pregnancy, including intrauterine pregnancy and ectopic 
pregnancy, was confirmed with elevated serum human 
chorionic gonadotropin (hCG) level 14 days after trans-
plantation and gestational sacs identified 4–6 weeks after 
transplantation by ultrasonography. Clinical pregnancy 
rate was defined as patients detected with fetal heartbeat 
divided by the total patients.

Controlled OIT
Individualized OIT was performed by obstetricians, 
and the following protocols were used. Long protocol: 
Gonadotropin-releasing hormone (GnRH) agonist was 
administered in the midluteal phase. Obstetric ultra-
sound examination was performed, and the sex hormone 
levels (i.e., follicle-stimulating hormone (FSH), luteiniz-
ing hormone (LH), and estradiol) were detected 14 days 
after. Individualized injection with recombinant FSH 
was prescribed accordingly. Ultralong protocol: GnRH 
agonist was administered on day 2 of the menstrual 
period and repeated for 1–3 cycles. Ovarian stimula-
tion was started by gonadotropin (Gn) 28 days after the 
last injection of GnRH. Antagonist protocol: Exogenous 
Gn was given on day 2 of the menstrual period, followed 
by antagonist four days later to prevent early ovulation. 
Other unconventional protocols: Modified natural cycle 
with a small amount of Gn. Mini-dose protocol with a 
small dose of Gn in a patient having low ovarian reserves.

Definition
Primary infertility was defined as a couple that has never 
been able to conceive a pregnancy after a minimum of 
one year of attempting to do so through unprotected 
intercourse. Secondary infertility was defined as the 
inability to conceive or carry a pregnancy to term after 
having already successfully given birth to one or more 
children.

Planned pregnancy was defined according to Chinese 
recommendations for perinatal management in women 
with SLE [7]. Unplanned pregnancy included patients 
who became pregnant in active disease, withdrew medi-
cation without doctors’ guidance, and new onset of SLE 
during pregnancy.

Pregnancy trimesters were defined as follows: first 
trimester: up to 13th weeks of gestation; second: from 
14 to 26th weeks; third: after 27th week. SLE activity was 

measured by Systemic Lupus Erythematosus Pregnancy 
Disease Activity Index (SLEPDAI) during gestation. 
Mild disease activity was defined as SLEPDAI score 5 
to 9, moderate disease activity as SLEPDAI score 10 to 
14, and high disease activity as SLEPDAI score ≥ 15 [8]. 
The highest score was used in statistical analysis.

Adverse pregnancy outcomes (APOs)
Maternal APOs: (1) Disease flare: worsening or new 
symptoms attributed to SLE. An SLE flare was estab-
lished by an increase ≥ 3 in SLEPDAI [9]. (2) Preg-
nancy-induced hypertension (PIH): hypertension 
during pregnancy, which included gestational hyper-
tension, preeclampsia, and eclampsia. Hypertension 
was defined as systolic blood pressure > 140  mmHg 
and/or diastolic blood pressure > 90  mmHg in sitting 
position in at least two consecutive measurements dur-
ing pregnancy. (3) Preeclampsia: a new onset of hyper-
tension with or without proteinuria after the 20th week 
of gestation in a previously normotensive woman [10]. 
(4) Eclampsia: the occurrence of one or more general-
ized, tonic–clonic convulsions unrelated to other medi-
cal conditions in women with hypertensive disorder of 
pregnancy [9]. (5) Gestational diabetes mellitus (GDM): 
the onset or first recognition of diabetes occurred dur-
ing pregnancy. Diabetes was confirmed by oral glucose 
tolerance test (OGTT) fasting plasma glucose ≥ 92 mg/
dl (5.1  mmol/dl), or 1‑hour glucose in venous 
plasma ≥ 180  mg/dl (10.0  mmol/l), or OGTT 2‑hour 
glucose in venous plasma ≥ 153  mg/dl (8.5  mmol/l) 
[11]. (6) Fetal loss included spontaneous abortion, ther-
apeutic abortion (artificial termination of pregnancy 
due to the exacerbation of lupus or obstetric complica-
tions), intrauterine fetal death (IUFD, death of a fetus 
due to the reasons other than chromosomal abnormali-
ties, anatomic malformation, or congenital infection 
after 20 weeks of gestation), and neonatal death (death 
of a live infant within 28 days after birth). (7) Premature 
delivery: birth under 37 weeks gestational age, with fur-
ther classification into late (34  weeks and above) and 
early (under 34 weeks) preterm births. (8) Preterm pre-
mature rupture of membranes (PPROM): the spontane-
ous rupture of membranes during pregnancy before the 
37th week of gestation.

Fetal APOs: (1) Intrauterine growth retardation 
(IUGR): birth weight below the 10th percentile of the Chi-
nese population according to gestational week at delivery 
and fetal gender. (2) Fetal distress: fetus hypoxia and aci-
dosis which endangers the health of the fetus. (3) Low-
birth-weight (LBW): infant with birth weight < 2500  g. 
(4) Very-low-birth-weight (VLBW): infant with birth 
weight < 1500 g.
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Statistical analysis
Statistical analysis was performed using SPSS 25.0 (SPSS 
Inc, Chicago, IL, USA). Normally distributed data were 
presented as mean ± standard deviation (SD), and non-
normal variables were expressed as median (interquar-
tile range, IQR). Categorical variables were presented as 
frequency and percentage. Comparison among groups 
was evaluated with chi-square test or Fisher exact test 
for categorical variables and one-way ANOVA for con-
tinuous variables with normal distribution. Between-
group comparison was evaluated using Student’s t test 
for continuous variables with normal distribution, and 
Mann–Whitney U test for continuous variables with 
non-normal distribution. A P value < 0.05 was considered 
statistically significant in comparison among the three 
groups. A P value < 0.016 was considered statistically sig-
nificant in comparison between any two groups.

Results
Demographic data
A total of 322 ART cycles was performed in 142 con-
secutive patients. Finally, 66 patients ended in 72 clinical 
pregnancies, including 66 intrauterine pregnancies and 6 
ectopic pregnancies. Clinical pregnancy rate was 46.5% 
(66/142). The mean age at the first clinical pregnancy was 
34.0 ± 3.8  years. The median (IQR) disease course was 
42.5 (25, 84.8) months.

Approximately 40.9% (27/66) of them had histories 
of adverse pregnancy, including spontaneous abortion 
(17/66, 25.8%), ectopic pregnancy (11/66, 16.7%), thera-
peutic abortion (7/66, 10.6%), and preeclampsia (1/66, 
1.5%) (Table 1).

The positive of aCL-IgG was 3.0% (2/66). The positive 
of β2-GPI-IgG and β2-GPI-IgM were 3.0% (2/66) and 
4.5% (3/66), respectively. The positive of lupus antico-
agulants (LA) was 1.5% (1/66). Pre-pregnant treatment 
included glucocorticoids (26/66, 39.4%), cyclosporin A 
(CsA) (4/66, 6.1%), hydroxychloroquine (57/66, 86.4%), 
low-dose aspirin (LDA) (10/66, 15.2%), and low molecu-
lar weight heparin (LMWH) (7/66, 10.6%).

Manipulation of ART​
Primary infertility occurred in 20 (30.3%) patients, while 
secondary infertility in 46 (69.7%) patients. Underlying 
causes were shown in Table  2. Obstruction of fallopian 
tubes (17/66, 25.8%) and premature ovarian failure (9/66, 
13.6%) were the leading. Two patients (3.0%) had anti-
phospholipid syndrome (APS).

OIT was conducted in 60 (83.3%) pregnancies, includ-
ing long protocol (27/72, 37.5%), mini-dose protocol 
(12/72, 16.7%), modified natural cycle (12/72, 16.7%), 
antagonist protocol (7/72, 9.7%), and ultralong protocol 

(2/72, 2.8%). IVF was performed in 58 (80.6%) pregnan-
cies, ICSI in 7 (9.7%), IUI in 2 (2.8%), and PGT in 5 (6.9%). 
Neither ovarian hyperstimulation syndrome (OHSS) nor 
thrombotic event was observed.

Maternal outcomes
Sixty (83.3%) pregnancies ended in successful deliv-
ery. Cesarean section was conducted in 42 pregnancies 
(42/66, 63/6%). Maternal APOs were shown in Table  3. 
Premature delivery was a complication with the high-
est incidence (21/66, 31.8%). The causes for premature 
delivery included spontaneous premature delivery (9/21, 
42.9%), PPROM (6/21, 28.6%), obstetric problems (4/21, 
19.0%), and mixed (2/21, 9.5%). The average delivery time 
of premature delivery was 36.8 ± 2.2 weeks of gestation, 
including 4 patients (19.0%) with early premature deliv-
ery and 17 patients (81.0%) with late premature delivery.

The incidence of GDM ranked second (15/66, 22.7%). 
Among 15 patients with GDM, the mean age was 
37.0 ± 4.5 years. The mean pre-pregnant body mass index 
(BMI) was 22.1 ± 2.1  kg/m2. Fetal loss occurred in two 
pregnancies (13.3%). Fourteen infants were born, includ-
ing a pair of twins and three LBW infants.

Ten patients (15.2%) experienced disease flares. Most 
of the severity was mild (4/10, 40.0%) or moderate (5/10, 
50.0%). Active disease tended to develop during the sec-
ond (3/10, 30.0%) or third (6/10, 60.0%) trimester. Lupus 
nephritis (8/10, 80.0%) was the main manifestation, fol-
lowed by thrombocytopenia (5/10, 50.0%). Nine out of 
ten (90.0%) delivered live infants (Table 4).

Fetal outcomes
Sixty-five live infants, including 5 pairs of twins, were 
born from 60 intrauterine pregnancies. The live birth 
rate was 83.3% (60/72). The average delivery time was 
36.8 ± 2.1  weeks of gestation. The average birth weight 
was 2653.5 ± 578.6  g. The incidence of fetal APOs were 
shown in Table 5. Ten infants (15.4%) were transferred to 
the intensive care unit (ICU) after delivery. No neonatal 
lupus or fetal atrioventricular block was observed.

Infants of LBW accounted for 30.8% (20/65), and 
infants of VLBW accounted for 3.1% (2/65). Approxi-
mately 63.6% (14/22) of the LBW/VLBW infants were 
born prematurely. Six VLBW and 2 LBW infants were 
from twin gestation (8/22, 36.4%). The incidence of fetal 
APOs such as neonatal pathological jaundice (45.5% 
vs 2.3%, P < 0.001), neonatal pneumonia (13.6% vs 0%, 
P = 0.035), and neonatal respiratory distress syndrome 
(NRDS) (13.6% vs 0%, P = 0.035) increased significantly 
in LBW/VLBW infants. Nearly half of the LBW/VLBW 
infants (10/22, 45.5%) were transferred to ICU, compared 
to 7.0% (3/43) in term infants (P = 0.001).
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Comparison of pregnancy outcomes between patients 
with or without premature delivery
Considering premature delivery was the most com-
mon APO, we further compared premature delivery 
with term delivery. As shown in Table  6, preeclamp-
sia (19.0% vs 0%, P = 0.012) occurred more frequently 
in premature delivery. Besides, the incidence of LBW 
infants increased significantly in premature delivery 
(81.0% vs 7.7%, P < 0.001).

Comparison of pregnancy outcomes in ART, planned 
pregnancy, and unplanned pregnancy
In the comparison with planned pregnancies (n = 214) 
and unplanned pregnancies (n = 66), patients receiving 
ART were older (34.0 vs 31.1 vs 28.4  years, P < 0.001), 
and more likely to complicated with history of adverse 
pregnancy (40.9% vs 31.8% vs 15.2%, P = 0.004). Patients 
receiving ART were likely to develop GDM (22.7% vs 
7.5% vs 1.5%, P < 0.001). Disease flares (15.2% vs 10.7% 

Table 1  Basic characteristics of patients with ART. Pa, comparisons among three groups. Pb, comparison between ART and planned 
pregnancy. Pc, comparison between ART and unplanned pregnancy. Pd, comparison between planned and unplanned pregnancy

Abbreviation: ART​ Assisted reproductive therapy, AZA Azathioprine, BMI Body mass index, CsA Cyclosporin A, HCQ Hydroxychloroquine, IQR Interquartile range, LA 
Lupus anticoagulant, LDA Low-dose aspirin, LMWH Low molecular weight heparin, SD Standard deviation, TAC​ Tacrolimus

ART (n = 66) Planned (n = 214) Unplanned (n = 66) Pa Pb Pc Pd

Basic characteristics
  Age, mean ± SD 34.0 ± 3.8 31.3 ± 4.3 28.4 ± 5.1  < 0.001  < 0.001  < 0.001  < 0.001

  Pre-pregnant BMI, kg/m2, mean ± SD 21.4 ± 2.3 20.4 ± 2.7 21.2 ± 2.3 0.006 0.007 0.618 0.030

  Disease course, months, median (IQR) 42.5 (25, 84.8) 72 (41, 108) 33.5 (10.5, 63)  < 0.001  < 0.001  < 0.001  < 0.001

  Primipara, n (%) 43 (65.2) 152 (71.0) 35 (53.0) 0.025 0.444 0.215 0.008

  Previous pregnancies, mean ± SD 2.6 ± 1.6 2.1 ± 1.2 2.0 ± 1.3 0.012 0.007 0.020 0.562

Obstetrical history
  Incidence rate, n (%) 27 (40.9) 68 (31.8) 10 (15.2) 0.004 0.183 0.002 0.011

  Spontaneous abortion, n (%) 17 (25.8) 33 (15.4) 5 (7.6) 0.016 0.066 0.009 0.148

  Ectopic pregnancy, n (%) 11 (16.7) 4 (1.9) 0 (0)  < 0.001  < 0.001 0.001 0.576

  Therapeutic abortion, n (%) 7 (10.6) 19 (8.9) 3 (4.5) 0.424

  Preeclampsia/eclampsia, n (%) 1 (1.5) 4 (1.9) 0 (0) 0.825

  Stillbirth, n (%) 0 (0) 9 (4.2) 1 (1.5) 0.138

  Premature delivery, n (%) 0 (0) 8 (3.7) 2 (3.0) 0.277

  Neonatal death, n (%) 0 (0) 2 (0.9) 0 (0) 1.000

Laboratory test
  ANA, n (%) 59 (89.4) 187 (87.4) 64 (97.0) 0.088

  Anti-dsDNA, n (%) 15 (22.7) 114 (53.3) 48 (72.7)  < 0.001  < 0.001  < 0.001 0.007

  Anti-SSA, n (%) 16 (24.2) 93 (43.5) 41 (62.1)  < 0.001 0.006  < 0.001 0.011

  Anti-SSB, n (%) 8 (12.1) 20 (9.3) 11 (16.7) 0.262

  aCL-IgG, n (%) 2 (3.0) 10 (4.7) 3 (4.5) 0.933

  aCL-IgM, n (%) 0 (0) 3 (1.4) 4 (6.1) 0.058

  β2-GPI-IgG, n (%) 2 (3.0) 3 (1.4) 2 (3.0) 0.356

  β2-GPI-IgM, n (%) 3 (4.5) 0 (0) 1 (1.5) 0.013

  LA, n (%) 1 (1.5) 4 (1.9) 3 (4.5) 0.473

Pre-pregnant treatment
  Glucocorticoids, n (%) 26 (39.4) 200 (93.5) 26 (39.4)  < 0.001  < 0.001 1.000  < 0.001

  Immunosuppressants, n (%) 4 (6.1) 38 (17.8) 8 (12.1) 0.055 0.028 0.365 0.344

  CsA, n (%) 4 (6.1) 22 (10.3) 4 (6.1) 0.295

  TAC, n (%) 0 (0) 7 (3.3) 1 (1.5) 0.371

  AZA, n (%) 0 (0) 9 (4.2) 0 (0) 0.050

  HCQ, n (%) 57 (86.4) 176 (82.2) 20 (30.3)  < 0.001 0.461 0.461  < 0.001

  LDA, n (%) 10 (15.2) 35 (16.4) 1 (1.5) 0.007 0.852 0.009 0.003

  LMWH, n (%) 7 (10.6) 11 (5.1) 0 (0) 0.014 0.148 0.013 0.072
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vs 78.8%, P < 0.001) and fetal loss (9.1% vs 7.5% vs 65.2%, 
P < 0.001) decreased significantly in ART. As for disease 
flares, patients receiving ART or with planned pregnancy 
usually had mild-to-moderate activity, while patients 
with unplanned pregnancy usually had severe activ-
ity (10.0% vs 0% vs 53.8%, P < 0.001). Disease flares were 
likely to occur during the second or third trimester in 
ART and planned pregnancy, and it occurred during the 
first or second trimester in unplanned pregnancy. The 
manifestation of active disease was similar in the three 
groups. However, organ involvement except for lupus 
nephritis and thrombocytopenia seemed to increase in 
unplanned pregnancy.

Reasons for fetal loss in ART included early spontane-
ous abortion (n = 5), and disease flare complicated with 
severe preeclampsia (n = 1). Reasons for fetal loss in 
planned pregnancy including stillbirth (n = 6), disease 

flares (n = 5), serious deformity (n = 2), early spontaneous 
abortion (n = 2), and uterine rupture (n = 1). Reasons for 
fetal loss in unplanned pregnancy included disease flare 
(n = 39), therapeutic abortion due to drug toxicity (n = 2), 
stillbirth (n = 1), and early spontaneous abortion (n = 1).

Time of delivery was earlier in unplanned pregnancy 
(36.8 vs 37.1 vs 34.8  weeks, P < 0.001), although prema-
ture delivery did not differ. The average birth weight was 
the lightest in unplanned pregnancy (2653.5 g vs 2703.3 g 
vs 2298.3 g, P = 0.003). Other fetal complications and the 
presence of auto-antibodies did not differ among groups.

Discussion
We report the safety and pregnancy outcomes of ART 
in lupus patients with stable disease. Nearly half of the 
women (46.5%) receiving ART ended in clinical preg-
nancy, and 83.3% of the pregnancies ended in successful 
delivery. No OHSS or thrombotic event was reported. 
Only a few patients experienced disease flares. No neo-
natal lupus, fetal atrioventricular block or neonatal death 
occurred. Pregnant outcomes in lupus patients under-
going ART are favorable, although premature delivery, 
GDM, and LBW infants remain to be important issues.

The efficacy of ART in terms of clinical pregnancy rate 
in our study (46.5%) is comparable with that in the gen-
eral population from the same center (57.1%) [12]. In pre-
vious studies, nearly 41.4% of patients with connective 
tissue diseases (CTD) became clinically pregnant via ART 
[13]. Previous and current findings suggest that ART is an 
effective method for infertility in patients with SLE. Tim-
ing to start ART is crucial. The optimal time-point for 

Table 2  Causes for ART​

Abbreviation: APS Anti-phospholipid syndrome, ART​ Assisted reproductive 
therapy

Causes for ART​ n = 66

Obstruction of fallopian tubes, n (%) 17 (25.8)

Premature ovarian failure, n (%) 9 (13.6)

Endometriosis, n (%) 7 (10.6)

Uterine malformation, n (%) 2 (3.0)

APS, n (%) 2 (3.0)

Male factor, n (%) 7 (10.6)

Mixed, n (%) 12 (18.2)

Unexplained, n (%) 11 (16.7)

Table 3  Maternal outcomes in ART. Pa, comparisons among three groups. Pb, comparison between ART and planned pregnancy. Pc, 
comparison between ART and unplanned pregnancy. Pd, comparison between planned and unplanned pregnancy

Abbreviation: ART​ Assisted reproductive therapy, GDM Gestational diabetes mellitus, PIH Pregnancy-induced hypertension, PPROM Preterm premature rupture of 
membranes, SLE Systemic lupus erythematosus
a Including 19 pregnancies with new onset of SLE after pregnancy

ART (n = 66) Planned (n = 214) Unplanned (n = 66) Pa Pb Pc Pd

Mode of delivery
  Natural labor, n (%) 18 (27.3) 72 (33.6) 11 (16.7) 0.028 0.368 0.207 0.009

  Cesarean section, n (%) 42 (63.6) 126 (58.9) 12 (18.2)  < 0.001 0.566  < 0.001  < 0.001

Outcomes
  GDM, n (%) 15 (22.7) 16 (7.5) 1 (1.5)  < 0.001 0.001  < 0.001 0.084

  Disease flares, n (%) 10 (15.2) 23 (10.7) 52 (78.8)a  < 0.001 0.382  < 0.001  < 0.001

  PPROM, n (%) 9 (13.6) 54 (25.2) 2 (3.0)  < 0.001 0.063 0.055  < 0.001

  Preeclampsia, n (%) 5 (7.6) 13 (6.1) 0 (0) 0.056

  Gestational hypertension, n (%) 3 (4.5) 7 (3.3) 2 (3.0) 0.913

  Eclampsia, n (%) 1 (1.5) 14 (6.5) 4 (6.1) 0.313

  Premature delivery, n (%) 21 (31.8) 48 (22.4) 14 (21.2) 0.259

  Fetal loss, n (%) 6 (9.1) 16 (7.5) 43 (65.2)  < 0.001 0.794  < 0.001  < 0.001

  Twins, pairs, n (%) 5 (7.6) 3 (1.4) 0 (0) 0.019 0.020 0.058 1.000
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Table 4  Manifestation of disease flares. Pa, comparisons among three groups. Pb, comparison between ART and planned pregnancy. 
Pc, comparison between ART and unplanned pregnancy. Pd, comparison between planned and unplanned pregnancy

Abbreviation: ART​ Assisted reproductive therapy, NP-SLE Neuropsychiatric-systemic lupus erythematosus

ART (n = 10) Planned (n = 23) Unplanned (n = 52) Pa Pb Pc Pd

Disease activity
  Mild, n (%) 4 (40.0) 23 (100) 13 (25.0)  < 0.001 0.004 0.440  < 0.001

  Moderate, n (%) 5 (50.0) 0 (0) 11 (21.2) 0.001 0.001 0.107 0.015

  Severe, n (%) 1 (10.0) 0 (0) 28 (53.8)  < 0.001 0.303 0.015  < 0.001

Time of disease flares
  First trimester, n (%) 1 (10.0) 6 (26.1) 28 (53.8) 0.008 0.397 0.015 0.043

  Second trimester, n (%) 3 (30.0) 11 (47.8) 20 (38.5) 0.580

  Third trimester, n (%) 6 (60.0) 6 (26.1) 1 (1.9)  < 0.001 0.114  < 0.001 0.003

  Puerperium, n (%) 0 (0) 0 (0) 3 (5.8) 0.691

Manifestations
  Nephritis, n (%) 8 (80.0) 18 (78.3) 28 (53.8) 0.050

  Proteinuria, n (%) 8 (80.0) 17 (73.9) 28 (53.8) 0.125

  Hematuria, n (%) 2 (20.0) 1 (4.3) 3 (5.8) 0.716

  Pyuria, n (%) 1 (10.0) 0 (0) 0 (0) 0.182

  Thrombocytopenia, n (%) 5 (50.0) 4 (17.4) 19 (36.5) 0.329

  Leukopenia, n (%) 1 (10.0) 2 (8.7) 4 (7.7) 0.182

  Rash, n (%) 1 (10.0) 0 (0) 11 (21.2) 0.046

  Hemolytic anemia, n (%) 0 (0) 2 (8.7) 2 (3.8) 0.716

  NP-SLE, n (%) 0 (0) 1 (4.3) 3 (5.8) 1.000

  Arthritis, n (%) 0 (0) 2 (8.7) 6 (11.5) 0.675

Table 5  Fetal outcomes in ART. Pa, comparisons among three groups. Pb, comparison between ART and planned pregnancy. Pc, 
comparison between ART and unplanned pregnancy. Pd, comparison between planned and unplanned pregnancy

Abbreviation: ART​ Assisted reproductive therapy, ASD Atrial septal defect, ICU Intensive care unit, LBW Low-birth-weight, IUGR​ Intrauterine growth retardation, NRDS 
Neonatal respiratory distress syndrome, PDA Patent ductus arteriosus, PFO Patent foramen ovale, SD Standard deviation, VLBW Very-low-birth-weight

ART (n = 65) Planned (n = 201) Unplanned (n = 23) Pa Pb Pc Pd

Outcomes
  Time of delivery, weeks, mean ± SD 36.8 ± 2.1 37.1 ± 2.0 34.8 ± 3.1  < 0.001 0.267 0.001  < 0.001

  Birth weight, mean ± SD 2653.5 ± 578.6 2703.3 ± 491.3 2298.3 ± 762.5 0.003 0.498 0.023 0.001

  IUGR, n (%) 5 (7.7) 17 (8.5) 4 (17.4) 0.383

  Fetal distress, n (%) 5 (7.7) 32 (15.9) 3 (13.0) 0.233

  LBW infants, n (%) 20 (30.8) 51 (25.4) 7 (30.4) 0.641

  VLBW infants, n (%) 2 (3.1) 5 (2.5) 5 (21.7) 0.001 0.680 0.012 0.001

  Neonatal hypoglycemia, n (%) 2 (3.1) 2 (1.0) 1 (4.3) 0.188

  Neonatal pneumonia, n (%) 3 (4.6) 3 (1.5) 1 (4.3) 0.702

  NRDS, n (%) 5 (7.7) 7 (3.5) 1 (4.3) 0.621

  Neonatal pathological jaundice, n (%) 11 (16.9) 29 (14.4) 2 (8.7) 0.702

  Malformation, n (%) 6 (9.2) 12 (6.0) 1 (4.3) 0.621

  PDA, n (%) 2 (3.1) 9 (4.5) 2 (8.7) 0.501

  PFO, n (%) 7 (10.8) 24 (11.9) 1 (4.3) 0.707

  ASD, n (%) 4 (6.2) 5 (2.5) 1 (4.3) 0.280

  Transfer to ICU, n (%) 10 (15.4) 70 (34.8) 8 (34.8) 0.011 0.003 0.070 1.000

Laboratory tests
  ANA, n (%) 12 (18.5) 24 (11.9) 4 (17.4) 0.313

  Anti-dsDNA, n (%) 5 (7.7) 11 (5.5) 3 (13.0) 0.244

  Anti-SSA, n (%) 6 (9.2) 12 (6.0) 3 (13.0) 0.265

  Anti-SSB, n (%) 2 (3.1) 0 (0) 1 (4.3) 0.028 0.059 1.000 0.103
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ART in SLE is not determined. In the current study, the 
disease was stable in all patients for more than 1 year. In 
other centers, patients were considered suitable for ART 
until the disease is stable for at least half a year [14]. Bal-
ancing the risk of disease flares and obstetrical complica-
tions, we consider patients with disease remission for at 
least one year as potential candidates for ART. However, 
the comparison of pregnancy outcomes in patients with 
different stable courses remains to be elucidated.

OHSS induced by OIT is one of the major concerns 
that hinder the implementation of ART in SLE. The 
incidence, however, does not increase in CTD (~ 3% of 
cycles) compared with the general population (3–8% of 
cycles) [15, 16]. Individualized stimulation therapy is 
essential in taking the causes for infertility and the level 
of sex hormones into consideration. It’s suggested OIT 
should only be used in true infertility [17]. GnRH antag-
onist program is relatively safe since it avoids the use of 
hCG which may induce high estradiol concentrations [16, 
18]. In our study, no case of OHSS was observed. It fur-
ther assured OIT does not confer additional risk in SLE.

A few of the patients experienced maternal or fetal 
APOs, despite that disease activity was well controlled 
before ART. Premature delivery, GDM, and disease flares 
were common. Among 72 pregnancies, 31.8% of them 
had premature infants. It exceeds that in the general Chi-
nese population (6.2–7.2%) [19]. The incidence of prema-
ture delivery varies from 20 to 50% in other studies [17, 
18, 21]. The reasons, however, were not well-presented. 
Nearly half of the pregnancies (42.9%) in our study were 
spontaneous preterm, and one fifth (28.6%) were attrib-
uted to PPROM. Of note, 19.0% of the women with 

premature delivery experienced preeclampsia. The inci-
dence of LBW infants was also increased in premature 
delivery. Our results suggest that efforts to ensure full-
term birth is of clinical significance.

The incidence of GDM in the ART group increased 
significantly (22.7%), compared with planned pregnancy 
(7.5%) and unplanned pregnancy (1.5%). In a Euro-
pean study recruiting 60 women with rheumatic disease 
undergoing ART, GDM occurred in 8.7% of the preg-
nancies. GDM occurs in 3.0–21.2% of the Asian preg-
nant women [20]. Traditional risk factors include high 
pre-pregnant BMI, advanced maternal age, personal or 
family history of diabetes, twin pregnancy, and genetic 
susceptibility [11]. ART emerges as another predisposing 
factor for GDM. In ART pregnancy, the increasing level 
of estrogen is associated with the incidence of GDM [21]. 
The average age of patients with GDM in our series was 
relatively old (37.0 ± 4.5), while pre-pregnant BMI was 
normal. The incidence of fetal loss in women complicat-
ing with GDM was high (13.3%). These results suggest 
that blood glucose needs to be supervised closely and 
early recognition of GDM might reduce fetal loss.

Disease flares (15.2%) in ART are as frequent as pre-
viously published (13–14.8%) [17, 18]. The incidence is 
in line with planned pregnancy (10.7%), and lower than 
that in unplanned pregnancy (78.8%). Maternal and 
fetal outcomes were comparable between patients with 
or without disease flares. One of the reasons could be 
that disease flares were usually mild-to-moderate and 
occurred during the second or third trimester. Nephri-
tis (80.0%) was the major manifestation, followed by 
thrombocytopenia (50.0%). Generally, the pattern of 
disease flares did not differ between ART and planned 
pregnancy, while that in unplanned pregnancy involved 
various systems. Although a few patients experience the 
risk of disease flare during ART, the outcomes are usually 
satisfactory.

The occurrence of fetal loss did not increase in ART 
(9.1% in ART vs 7.5% in planned pregnancy vs 65.2% in 
unplanned pregnancy), and early spontaneous abortion 
is the leading cause. Only one fetal loss was attributed 
to disease flares. Early spontaneous abortion appears to 
be the most common cause and the rate ranges from 22 
to 63% in the general patients after ART [22]. Many fac-
tors are attributable, such as advancing maternal age and 
genetic defects. Our results suggest a fetal loss is prob-
ably determined by obstetrical factors rather than disease 
flares in ART in SLE.

LBW/VLBW infants are common fetal complications, 
accounting for 33.9% in total. More than two-thirds 
(63.6%) of them were born prematurely. ART-conceived 
pregnancies have a higher incidence of LBW compared 
with all births (25.5% vs 8.1%), mainly due to multiple 

Table 6  Comparison between premature and term delivery

Abbreviation: APO Adverse pregnancy outcome, ART​ Assisted reproductive 
therapy, GDM Gestational diabetes mellitus, IUGR​ Intrauterine growth 
retardation, LBW Low-birth-weight, PIH Pregnancy-induced hypertension, VLBW 
Very-low-birth-weight

Premature 
delivery 
(n = 21)

Term 
delivery 
(n = 39)

P value

Maternal APOs
  Disease flares, n (%) 3 (14.3) 4 (10.3) 0.687

  GDM, n (%) 4 (19.0) 9 (23.1) 1.000

  Preeclampsia, n (%) 4 (19.0) 0 (0) 0.012

  Gestational hypertension, 
n (%)

1 (4.8) 2 (5.1) 1.000

  Eclampsia, n (%) 1 (4.8) 0 (0) 0.350

Fetal APOs
  LBW, n (%) 17 (81.0) 3 (7.7)  < 0.001

  VLBW, n (%) 0 (0) 2 (5.1) 0.537

  Fetal distress, n (%) 2 (9.5) 3 (7.7) 1.000

  IUGR, n (%) 2 (9.5) 3 (7.7) 1.000
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gestation [23]. We notice the proportion of LBW was 
slightly higher in ART than planned pregnancy, although 
no statistical significance was reached. VLBW infants 
counted for a very small number (3.1%). However, VLBW 
was frequent in unplanned pregnancy (21.7%). A higher 
proportion of LBW/VLBW infants were transferred to 
ICU. Efforts must be devoted to reducing the incidence 
of LBW/VLBW in order to minimize subsequent adverse 
outcomes.

Our study had a certain weakness. Few patients in 
our study were positive for aPL or LA. These patients 
were probably not considered for ART initially. The 
low positive of aPL hinders further analysis on the rela-
tion between aPL and APOs. However, previous studies 
showed that ART is safe even in patients with APS, and 
aPL does not increase the risk of thrombotic events and 
has no impact on pregnancy outcomes in ART [18]. In 
addition, the efficacy in different ART procedures or OIT 
was not analyzed due to the limited number of patients 
included.

ART is safe and yields satisfactory outcomes in lupus 
patients with stable disease for more than one year under 
close surveillance by a multidisciplinary team. Maternal 
and fetal APOs are comparable with planned pregnancy 
and reduced significantly compared with unplanned 
pregnancy. The incidences of premature delivery, GDM, 
and LBW infants, however, are still high.
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