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1 Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease. 

In this disease, the body’s immune system mistakenly attacks 
healthy tissue. It primarily affects the kidney, skin, joints, brain, 
and alternative vital organs. SLE is more common in women than 
men. It may occur at any age, whereas it most frequently appears 
most often in women between the ages of 20 and 40. SLE affects 
African Americans and Asians more often than people from other 
races (McCarty et al., 1995; Pons-Estel et al., 2010). More and 
more efforts have been attached to the understanding, diagnosis 
and treatment of pregnancy complicated with SLE. Relevant 
factors of pregnancy complicated with SLE have been extensively 
investigated by multiple researchers. Besides, different guidelines 
on the diagnosis and treatment of pregnancy complicated with 
SLE have been established, aiming to enhance the success rate of 
pregnancy in SLE patients. The relationship between pregnancy 
and SLE remains elusive and complicated (Stojan & Baer, 2012). 
Previous studies have demonstrated that SLE pregnant woman can 
obtain relatively favorable pregnancy outcomes (Carmona et al., 
1999), whereas other scholars have found that the incidence of 
adverse pregnancy outcomes in SLE pregnant women is higher 
compared with that in healthy counterparts (Chen et al., 2015; 
Ku et al., 2016). The recurrence rate of SLE is up to 60% during 
the period of pregnancy (Petri  et  al., 1991), but others have 
reported a relatively low recurrence rate (Carmona et al., 1999; 
Stojan & Baer, 2012). In addition, SLE pregnant women have 
a higher risk of pregnancy-induced hypertension syndrome 

(PIH), fetal growth restriction (FGR), fetal distress, pregnancy 
loss, preterm labor and other adverse pregnancy outcomes 
compared with those of healthy counterparts.

A recent meta-analysis consisting of 1842 SLE pregnant 
women has reported that the incidence rate of SLE recurrence, PIH, 
nephritis, preeclampsia and eclampsia is 25.6%,16.3%,16.1%,7.6% 
and 0.8%, respectively. However, the risk of serious obstetrics 
complications, such as lupus encephalopathy and maternal death 
is merely 1% (Smyth et al., 2010). Another systemic review has 
reported that the incidence of induced abortion is 5.9%, 16.0% 
for natural abortion, 3.6% for dead birth, 2.5% for neonatal 
death, 12.7% for FGR, 23.4% for pregnancy failure and 39.4% 
for preterm labor, respectively.

SLE pregnant women have a higher risk of neonatal heart 
disease than their healthy counterparts.Neonatal lupus (NL) is 
caused by the migration of the anti-Sjogren syndrome A (SSA) 
antibody and SSB antibody from the maternal blood into the fetus 
through placental circulation. The incidence of heart abnormality 
complicated with NL is 1-2%, and 18% for women who have a 
history of delivery of neonatal heart defects. In addition, rash and 
heart block are the major clinical manifestations of NL. Previous 
research has revealed that the mean age of rash onset is 6 weeks 
after labor (Llanos et al., 2009). In general, rash can disappear 
spontaneously, whereas it may exist due to telangiectasis and 
excessive pigment deposition (Gladman et al., 2002). The mortality 
rate of neonatal NL complicated with heart abnormality is high 
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up to 16-17.5%, and approximately 10% of them have to receive 
pacemaker treatment before age of 10 (Eliasson et al., 2011).

In this study, the conception timing, pregnancy monitoring 
and postpartum management were explored to prevent the 
incidence and progression of SLE and reduce the risk of adverse 
maternal and neonatal outcomes in pregnant women complicated 
with SLE.

2 Materials and methods

2.1 Baseline data

Clinical data of 84 pregnant women complicated with 
SLE admitted to Tianjin Medical University General Hospital 
between January 2010 and December 2016 were retrospectively 
collected and analyzed. Six SLE patients were also complicated 
with APS. All patients received joint treatment from obstetrics 
and rheumatism immunity departments. Baseline data including 
name, age, time of pregnancy, time of labor and delivery mode 
were recorded. The course of SLE and pregestational SLE status 
were evaluated. Pregestational clinical manifestations, laboratory 
examination, medication status, obstetrics complications, pregnancy 
outcomes and neonatal status were observed and performed.

2.2 Diagnostic criteria for SLE

According to the American College of Rheumatology 
revised criteria for the classification of SLE (Wagner et al., 2009), 
11 parameters were included for comprehensive assessment 
including malar rash, discoid rash, photosensitivity, oral ulcers, 
non-erosive arthritis, pleuritis or pericarditis, renal disorder, 
neurologic disorder, hematologic disorder, immunologic disorder 
(positive findings of anti-DNA, anti-Sm and anti-phospholipid 
antibodies) and positive anti-nuclear antibody. The diagnosis 
of SLE can be validated if 4 or above parameters are identified. 
An abnormal tier of anti-nuclear antibody and immunologic 
disorder are of diagnostic significance.

2.3 Patient grouping

According to the pregestational status of SLE, all patients 
were divided into the pregestational stable (group A, n=55) 
and active SLE groups (group B, n=29). Pregestational stable 
SLE group: usage of prednisone at a dose of <=15 mg/d; no 
usage of cytotoxin or discontinued for >= 6 months; stable 
laboratory parameters. Pregestational active SLE group: usage 
of prednisone at a dose of >15 mg/d; use of cytotoxin or 
discontinued within 6 months; laboratory parameters, such as 
reduction in hemoglobin, white blood cell, thrombocytopenia 
and complement, progressive increase in urinary protein and 
increase in the titer of anti-ds-DNA antibody. Active SLE was 
evaluated if systemic lupus erythematosus disease activity index 
(SLEDAI) >4 (Carvalheiras et al., 2012).

Based upon the status of SLE during pregnancy, all women 
were assigned into the gestational stable (group C, n=46) and active 
SLE groups (group D, n=38). The severity of SLE is aggravated 
if one of the follows occurs: presence of albuminuria and/or 
hematuria; mental or central nervous system manifestations; 

mental or central nervous system abnormality induced by 
alternative factors except preeclampsia, eclampsia and HELLP 
syndrome, etc. White blood cell decrease or thrombocytopenia, 
hemolytic anemia, positive Coombs test; new onset of skin 
rash, photosensitivity, joint tumor and oral ulcers; body 
temperature>38 °C; presence of PIH, HELLP syndrome, liver 
and kidney dysfunction, etc.

According to the type of medicine administration, all patients 
were assigned into the hormone (group E, n=62), hormone 
combined with oxychloroquine (group F, n=17) and hormone 
combined with aspirin groups (group G, n=5). Based upon the 
medical history of adverse pregnancy, 84 patients were divided 
into two groups.

2.4 Laboratory and immune parameters

Laboratory parameters included red blood cell, white 
blood cell, hemoglobin and platelet count; D-dimer; qualitative 
assessment of urinary protein, 24-h quantitative analysis of 
urinary protein, urine creatinine, glutamic-pyruvic transaminase, 
glutamic oxalacetictransaminase, albumin, serum creatinine; 
immune parameters consisted of antinuclear antibody (ANA), 
anti-double-stranded DNA, dsDNA antibody, anti-Sm antibody, 
complement C3, complement C4, anti-SSA antibody, anti-SSB 
antibody, anti-phospholipid antibody, anticardiolipin antibody 
(ACA) and anti-β2 glycoprotein I (β2GPI) antibody.

2.5 Clinical parameters

Clinical parameters included blood pressure, subjective 
symptom, such as headache, dizziness, blurry visual acuity, 
joint pain, photosensitivity, skin rash, recurrent oral ulcers, dry 
mouth, dry eye and fever. Obstetrics and obstetrics complications 
consisted of PIH, FGR and fetal distress.

2.6 Pregnancy outcomes

Pregnancy outcomes included pregnancy loss, such as 
abortion, still birth, death birth, neonatal death and pregnancy 
success consisting of preterm labor and full-term labor.

2.7 Statistical analysis

SPSS 19.0 statistical software was utilized for data analysis (SPSS 
Inc., Chicago, U.S.). Normally-distributed data were expressed 
as mean ± standard deviation (x ± s). Group comparison was 
conducted by independent sample t-test. Qualitative data were 
expressed as number of cases (percentage). Group comparison 
was performed by chi-square test or Fisher exact test. A value 
of P<0.05 was considered as statistically significant.

3 Results

3.1 Baseline data

All 84 enrolled SLE women had singleton pregnancies 
conceived naturally. The average age was (29.89 ± 4.27) years 
(range: 21-41). The mean course of SLE was (4.89 ± 3.82) years 
(range: 0-16). The gestational age was (35.35 ± 6.14) weeks on 
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average (range: 16-40+6), as demonstrated in Table 1. The initial 
onset of SLE was observed in 6 women (7.1%) during pregnancy, 
in 32 (38.1%) during the 1st pregnancy, in 29 (34.5%) during 
the 2nd pregnancy, in 23 (27.4%) during the 3rd pregnancy, 
SLE complicated with APS in 6 (7.1%), LN in 7 (8.3%) and 
thrombocytopenia in 8 patients, accounting for 9.5%.

3.2 Immune parameters

Among 84 SLE pregnant women, 82 (97.6%) were positive 
for ANA antibody, 72 (85.7%) positive for ds-DNA, 22 (26.2%) 
positive for anti-Sm antibody, 13 (15.5%) positive for anti-SSA 
antibody, 5 (6.0%) positive for anti-SSB antibody, reduction 
in complement C3 in 59 (70.2%), complement C4 reduction 
in 35 (41.7%) and positive ACA in 6 women (7.1%), as shown 
in Table 1.

3.3 Effect of SLE on pregnancy outcomes

Among 84 patients, 11 (13.1%) suffered from pregnancy loss 
and 73 (86.9%) obtained natural pregnancy including 23 (27.4%) 
preterm labor and 50 (59.5%) full-term labor. In group A, 
2 (3.6%) women had pregnancy loss, 10 (18.2%) had preterm 
labor and 43 (78.2%) full-term labor. In group B, 9 (31.0%) 
women had pregnancy loss, 13 (44.8%) had preterm labor and 
7 (24.2%) full-term labor. The incidence rate of pregnancy 
loss (χ2=10.233, P=0.001), preterm labor (χ2=6.780, P=0.009) 
and full-term labor (χ2=23.019, P=0.000) significantly differed 
between groups A and B. No pregnancy loss, 8 (17.4%) preterm 
labor and 38 (82.6%) full-term labor were observed in group C. 
In group D, 11 (28.9%) women had pregnancy loss, 10 (18.2%) 
had preterm labor and 43 (78.2%) full-term labor. In group B, 
9 (31.0%) women had pregnancy loss, 15 (39.5%) had preterm 
labor and 12 (31.6%) full-term labor. The incidence rate of 
pregnancy loss (P=0.000), preterm labor (χ2=5.103, P=0.024) 

and full-term labor (χ2=22.494, P=0.000) significantly differed 
between groups C and D.

3.4 Effect of SLE on obstetric complications

The percentage of PIH significantly differed between 
groups A and B (χ2=26.802, P=0.000), whereas no statistical 
significance was observed in terms of the incidence of FGR 
(χ2=1.454, P=0.228) and fetal distress (χ2=0.000, P=1.000). 
Pregestational active status of SLE could enhance the incidence 
of PIH. In group C, the mean age was (30.40 ± 3.34) years (range: 
22-36), and (30.60 ± 5.14) years (range: 21-41) in group D with 
no statistical significance between two groups (both P>0.05). 
Among 55 women with pregestational stable SLE, 9 (16.4%) had 
active SLE during pregnancy. In group B, all 29 women had active 
SLE during pregnancy. The incidence rate of PIH (P=0.000) and 
FGR (P=0.038) significantly differed, whereas the incidence of 
fetal distress did not significantly differ between groups C and 
D (χ2=0.102, P=0.750).

3.5 Effect of SLE on delivery method

Among 84 SLE pregnant women, 56 (66.7%) received 
cesarean section, 18 (21.4%) vaginal delivery and 10 (11.9%) 
labor induction. In the active SLE group, 1 woman received 
cesarean section at a gestational age of 26+2 weeks due to HELLP 
syndrome. Postoperatively, she was transferred to Intensive Care 
Unit for comprehensive treatment. In group A, 36 (65.5%) received 
cesarean section, 17 (30.9%) vaginal delivery and 2 (3.6%) labor 
induction. In group B, 20 (69.0%) received cesarean section, 1 (3.4%) 
vaginal delivery and 8 (27.6%) labor induction. The incidence 
rate of vaginal delivery (χ2=6.952, P=0.008) and labor induction 
(χ2=8.227, P=0.004) significantly differed, whereas the incidence 
of cesarean section (χ2=0.105, P=0.746) did not significantly 
differ between groups A and B. In group C, 29 women (63.0%) 
received cesarean section, 17 (37.0%) vaginal delivery and no 
case received labor induction. In group D, 27 (71.1%) received 
cesarean section, 1 (2.6%) vaginal delivery and 10 (26.3%) 
labor induction. The incidence of vaginal delivery (χ2=12.595, 
P=0.000) and labor induction (P=0.000) significantly differed, 
whereas percentage of cesarean section did not significantly 
differ between groups C and D (χ2=0.601, P=0.438).

3.6 Cesarean section and surgical indications

Seventy-three women were successfully pregnant. Among 
them, 55 cases (75.3%) received cesarean section including 
34 (61.8%) full-term labor and 21 (38.2%) preterm labor. 
In terms of surgical indications of cesarean section, SLE was 
documented in 18 women (32.7%), PIH/HELLP syndrome in 
15 (27.3%), and complications induced by active SLE accounted 
for 43.7%. Preventing the progression of SLE during pregnancy 
could significantly reduce the percentage of cesarean section. 
Twenty-three patients had preterm labor, 21 terminated the 
pregnancy by cesarean section and 11 (52.4%) received cesarean 
section due to PIH/HELLP syndrome. Four women (19.0%) 
received cesarean section due to SLE, 2 (9.5%) due to uterine 
scars, 1 fetal distress, 1 low-lying placenta and 1 rheumatic heart 
disease, respectively, as demonstrated in Figure 1.

Table 1. Baseline data of pregnant women complicated with SLE.

Parameter Value
Age (year, x ± s, range) 29.89 ± 4.27 (21-41)
Course of SLE (year, x ± s, range) 4.89 ± 3.82 (0-16)
Gestational age (week, x ± s, range) 35.35 ± 6.14 (16-40+6)
Initial onset of SLE during pregnancy 6(7.1%)
The 1st pregnancy 32(38.1%)
The 2nd pregnancy 29(34.5%)
≥ the 3rd pregnancy 23(27.4%)
APS 6(7.1%)
LN 7 (8.3%)
Thrombocytopenia 8 (9.5%)
Immune parameters
Positive ANA 82 (97.6%)
Positive ds-DNA 72 (85.7%)
Positive anti-Sm-antibody 22 (26.2%)
Positive anti-SSA/Ro antibody 13 (15.5%)
Positive anti-SSA/La antibody 5 (6.0%)
Decrease in complement C3 59 (70.2%)
Decrease in complement C4 35 (41.7%)
Positive ACA 6 (7.1%)
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3.7 Effect of medication on pregnancy outcomes

Patients who were positive for SSA/Ro antibody and SSB/
La antibody and complicated with rash were supplemented 
with oxychloroquine. Those complicated with APS, recurrent 
pregnancy loss or significant increase in D-dimer levels was 
administered with aspirin, and low-molecular-weight heparin 
when necessary. The incidence rate of pregnancy loss, preterm 
labor and full-term labor did not significantly differ among 
groups E, F and G (all P>0.05).

3.8 Effect of history of adverse pregnancy on pregnancy 
outcomes

Among 83 SLE pregnant women, 43 (51.2%) had a medical 
history of adverse pregnancy including abortion and still birth, 
etc. The incidence rate of pregnancy loss, preterm labor and 
full-term labor did not significantly differ between women with 
and their counterparts without a medical history of adverse 
pregnancy (all P>0.05).

4 Discussion
SLE can theoretically cause autoimmune ovary injury and 

ovary dysfunction, lead to hypothalamic-pituitary-ovarian axis 
changes and ovarian reserve decline. All these changes make SLE 
woman infertile. However, multiple studies have demonstrated 
that the conception probability does not significantly differ 
between SLE women and their healthy counterparts (Yang et al., 
2014). The status of status exerts effect upon the maternal and 
neonatal outcomes. Alternative researches have indicated that 
the prevalence of preterm labor and pregnancy loss in SLE 
women is significantly higher compared with that of normal 
counterparts. The prevalence of preterm labor in SLE pregnant 
woman fluctuates between 12.1% and 54% (Saito et al., 2010; 
Moroni & Ponticelli, 2014), and 3%-36% for the incidence of 
fetal lose (Aluvihare et al., 2004; Dardalhon et al., 2010). In this 
study, the incidence of PIH, pregnancy loss and preterm labor 
significantly differs between the pregestational active and 
stable SLE groups, suggesting that pregestational active status 
of SLE probably increases the incidence of PIH, pregnancy loss 
and preterm labor. In addition, the incidence of PIH, FGR, 
pregnancy loss and preterm labor also considerably varies 
between the gestational active and stable SLE groups, indicating 
that gestational active SLE status could enhance the risk of PIH, 
FGR, pregnancy loss and preterm labor.

Among women with stable SLE, the active rate of SLE 
attained to 35% after conception, and 83% for those with 
active SLE. For pregnant women with active LN, the kidney 
disease was further aggravated in approximately 50%-60% 
of patients after conception. For patients with pregestational 
stable SLE for 3-6 months, merely 7%-10% of them suffered 
from the recurrence or exacerbation of SLE after conception 
(Ruiz-Irastorza & Khamashta, 2004; Sarter et al., 2013). In this 
study, 9 among 55 women (16.4%) with pregestational stable 
SLE presented with active SLE during pregnancy. Twenty-nine 
women with pregestational active SLE all had active SLE during 
pregnancy, suggesting that pregnancy exerts a certain effect 
upon the recurrence of SLE.

During conception, the status of SLE (active or stable) 
is intimately correlated with gestational complications and 
pregnancy outcomes. The active status of SLE during conception 
may lead to adverse maternal and neonatal outcomes. A multi-
center research of 56 SLE pregnant women have found that 
pregnant women with pregestational stable SLE for > 6 months 
obtain relatively favorable maternal and neonatal outcomes 
(Ruffatti et al., 2011). Compared with pregnant women with 
active SLE, the pregnancy rate, delivery rate and full-term 
delivery rate in their counterparts with stable SLE for at least 
6 months are significantly enhanced, whereas the incidence of 
gestational complications and the recurrence and aggravation of 
postpartum SLE are considerably declined (Narin et al., 2008). 
In this study, the percentage of pregnancy loss and preterm 
labor in the pregestational stable SLE group was significantly 
lower compared with that in the pregestational active SLE 
group. Therefore, SLE women are recommended to prepare for 
pregnancy when the SLE remains stable for at least 6 months. 
Whether it is applicable for those with stable for 4-6 months 
remains to be further validated.

SLE is not an absolute indication of cesarean section. 
Nevertheless, it is recommended to perform cesarean section to 
terminate pregnancy for pregnant women who are complicated 
with fetal abnormality and severe gestational complications. In this 
study, 73 among 84 SLE women were successfully pregnant and 
55 patients (75.3%) received cesarean section at a gestational 
age of 30 to 39+6 weeks. The percentage of full-term delivery 
via cesarean section was 61.8% (34/55), and the proportion of 
preterm labor via cesarean section was 38.2 (21/55). In terms of 
surgical indications of cesarean section, SLE was documented 
in 18 women (32.7%), PIH/HELLP syndrome in 15 (27.3%), 
and complications induced by active SLE accounted for 43.7%. 
In this investigation, a majority of SLE patients selected cesarean 
section for the termination of pregnancy. Merely approximately 
1/3 of pregnant women who were complicated with SLE alone 
chose to receive cesarean section.

PIH is a common obstetrics complication with a national 
prevalence of approximately 9.4% in China, and approximately 
7%-12% reported worldwide. SLE patients are likely to suffer from 
PIH during gestation period. The prevalence of preeclampsia 
in SLE pregnant women is around 7.5%-22% (Wagner et al., 
2009), approximately 3% higher compared with that in their 
healthy counterparts (Moroni & Ponticelli, 2003). In this study, 
the incidence rate of PIH in SLE women was calculated as 27.4% 

Figure 1. Graph illustrating the surgical indications of cesarean section.
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(23/84). The incidence of PIH in the pregestational active SLE 
group was significantly higher than that in the pregestational 
stable SLE group. The prevalence of PIH in the gestational 
active SLE group was considerably higher compared with that 
in the gestational stable SLE group. Consequently, the severity 
of SLE is correlated with the risk of both pregestational and 
gestational PIH. Approximately 50%-70% of SLE patients suffer 
from varying degree of kidney injury, and almost all patients 
present with pathological changes confirmed by renal biopsy. 
In this study, 7 SLE patients were complicated with LN. Among 
them, 3 women were complicated with severe preeclampsia and 
received the termination of pregnancy at the gestational age of 17, 
22+6 and 16+4 weeks, respectively. One patient was complicated 
with severe preeclampsia and HELLP syndrome and fetal death 
was identified at the gestational age of 22+6, and she had to 
receive the termination of pregnancy. Due to the small sample 
size of LN cases, whether LN pregnant women are more likely to 
suffer from preeclampsia remains to be subsequently validated.

Anti-phospholipid syndrome is an inflammatory autoimmune 
disease, which is characterized with recurrent onset of arterial 
and/or venous thrombosis, natural abortion and/or still birth, 
thrombocytopenia and positive anti-phospholipid antibody 
(APA) (Yamamoto & Aoki, 2016). In this study, 6 SLE women 
were complicated with APS, aged 23-35 years, had a medical 
history of at least twice embryo damage. Among them, 5 women 
obtained full-term delivery, and 1 had fetal death at the gestational 
age of 22+6 weeks. She was complicated with HELLP syndrome 
and chorion amnionitis. All 6 patients were positive for ACA. 
Positive ACA is a vital parameter for the clinical diagnosis of 
APA. It is intimately associated with adverse pregnancy outcomes, 
such as recurrent abortion, embryo damage and still birth, etc.

In this study, 13 among 84 pregnant women complicated 
with SLE were detected positive for SSA/Ro antibody and 5 were 
positive for SSB/La antibody. One newborn presented with 
skin rash. All women were followed up for 3 months to 6 years. 
Eighteen infants were not complicated with LN. A prospective 
study has suggested that 40 infants among 186 pregnant women 
are diagnosed with congenital heart block. No case presents 
with congenital heart block when the range of maternal serum 
titer of anti-SSA/Ro antibody is 8-49 U/mL. Six cases (15%) 
are diagnosed with congenital heart block when the titer of 
anti-SSA/Ro antibody is 50-100 U/mL. Thirty-four cases (85%) 
suffer from congenital heart block when the titer of anti-SSA/
Ro antibody exceeds 100 U/mL (Jaeggi et al., 2010). To avoid 
the incidence of embryo congenital heart block, active measures 
should be taken to reduce the maternal serum titer of anti-SSA/
Ro antibody. Heart ultrasound is recommended to make an early 
diagnosis and deliver effective interventions.

5 Conclusion
SLE pregnant women have a high risk of adverse pregnancy 

outcomes and SLE recurrence. Nevertheless, they can obtain 
high pregnancy rate if joint intervention and treatment are 
delivered from multi-disciplinary departments. The status of 
SLE (active or stable) is intimately correlated with maternal and 
neonatal outcomes. SLE patients are recommended to prepare for 
conception during stable SLE stage to enhance the success rate 

of pregnancy and decrease the risk of obstetrics complications. 
PIH is a major complication of active SLE, and significantly 
associated with adverse pregnancy outcomes. SLE can lead 
to congenital embryo damage, especially heart block. Early 
screening and timely intervention should be implemented. Taken 
together, multi-disciplinary department coordination should 
be performed for SLE pregnant women, aiming to improve the 
maternal and neonatal outcomes.
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