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Abstract
Background and Objective  Systemic lupus erythematosus (SLE) is an autoimmune disease, with hydroxychloroquine being 
the main therapeutic agent for the treatment of SLE. This research explored the effects of hydroxychloroquine combined 
with low-dose aspirin on maternal and infant outcomes and cytokines of pregnant women with SLE.
Methods  Ninety pregnant women with SLE were divided into the hydroxychloroquine (HCQ) group (45 cases) and the 
hydroxychloroquine combined with low-dose aspirin (HCQASP) group (45 cases) by random number table. Patients in the 
HCQ group were treated with oral administration of hydroxychloroquine, while patients in the HCQASP group were treated 
with low-dose aspirin based on oral administration of hydroxychloroquine. Pregnancy outcomes, fetal outcomes, and cytokine 
levels were statistically analyzed.
Results  The HCQASP group had a significantly higher proportion of full-term pregnancies and a significantly lower pro-
portion of hypertension, prematurity, and pregnancy loss than the HCQ group. Neonates in the HCQASP group also had 
significantly higher birth weights and Apgar scores and a significantly lower proportion of neonatal asphyxia than the HCQ 
group. After treatment, the HCQASP group had significantly higher interleukin (IL-2) and interferon (IFN)-γ levels and 
significantly lower IL-4 and IL-10 levels than the HCQ group.
Conclusion  Hydroxychloroquine combined with low-dose aspirin can effectively improve the pregnancy outcomes of preg-
nant women with SLE by affecting the levels of T helper (Th) 2 and Th1 cytokines.

Key Points 

Hydroxychloroquine combined with low-dose aspirin 
can effectively improve the pregnancy outcomes of 
pregnant women with systemic lupus erythematosus by 
affecting the levels of T helper (Th) 2 and Th1 cytokines.

The current findings provide a reference for the clinical 
improvement of maternal and infant outcomes in preg-
nant patients with systemic lupus erythematosus.

1  Introduction

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by abnormalities of the immune system 
[1]. Patients with SLE require long-term or even lifelong 
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medication, while pregnant patients with SLE are prone to 
adverse pregnancy outcomes [2]. Changes in estrogen and 
prolactin levels in pregnant women lead to self-reactive 
cellular dysfunction, making the condition prone to recur-
rence or worsening [3]. Vasculitis due to maternal activity 
can cause poor blood supply to the placenta, affecting fetal 
blood circulation and leading to fetal growth retardation [4]. 
Therefore, how to control SLE during pregnancy and how 
to prevent adverse outcomes are common clinical problems 
that are faced.

Hydroxychloroquine is widely used in rheumatic immune 
diseases and is the main therapeutic agent for SLE. Hydrox-
ychloroquine can stabilize the disease, reduce relapses, pre-
vent systemic damage, improve the prognosis, and reduce 
the dosage of hormones and immunosuppressants [5]. Cord 
blood hydroxychloroquine concentrations are the same 
as maternal concentrations [6]. Since the introduction of 
hydroxychloroquine in pregnancy, the effects of hydroxy-
chloroquine on both pregnancy and fetal outcomes have also 
been investigated.

The physiological hypercoagulable state of pregnancy is 
crucial in self-protection of the body and may also induce 
pre-eclampsia, fetal growth restriction, and venous throm-
boembolism [7]. In pregnant patients with SLE, the effects 
of pregnancy superimposed on the pathophysiology of SLE 
may have a higher risk of thrombosis, often with adverse 
pregnancy outcomes [8]. Aspirin can reduce the degree of 
platelet activation, promote vasodilation, improve blood sup-
ply to the placenta, and prevent microthrombosis [9].

Individual T helper (Th) 1/Th2 balance is one of the 
critical determinants for histopathology of lupus nephritis. 
The development of SLE is related to the level of cytokines 
secreted by Th2 and Th1 cells [10]. Th1 cells mainly secrete 
interleukin (IL)-2 and interferon (IFN)-γ, mediating cellu-
lar immunity and delayed hypersensitivity, while Th2 cells 
mainly secrete IL-4, IL-5, IL-6 and IL-10, which mainly 
act on B cells, stimulating B-cell activation and secretion of 
immunoglobulins, and mediating humoral immunity [11]. 
Th1 cytokines play an essential role in the development 
of diffuse proliferative lupus nephritis (DPLN), while Th2 
cytokines play an essential role in the development of mem-
branous lupus nephritis (MLN) [12]. Aspirin can effectively 
regulate the balance of Th1/Th2 cytokines [13].

This study investigated the effects of hydroxychloroquine 
combined with low-dose aspirin on the change in disease, 
pregnancy outcomes, and fetal outcomes in pregnant patients 
with SLE, with the aim of providing effective clinical drug 
treatment options to reduce disease activity, decrease obstet-
ric complications, and improve poor pregnancy outcomes.

2 � Methods

2.1 � Participants

Ninety pregnant patients with SLE were recruited. A random 
number table was used to divide the 90 eligible patients into 
a control group (n = 45) and an observation group (n = 45). 
The study was approved by the Medical Ethics Committee of 
The Fourth Hospital of Shijiazhuang, and all patients agreed 
to cooperate by signing the informed consent form.

Inclusion criteria: All patients met the SLE classification 
criteria established by the European Alliance of Associa-
tions for Rheumatology/American College of Rheumatology 
(EULAR/ACR) [2019], and those with suspected SLE were 
diagnosed with a total score of ≥10; for those with atypical 
clinical presentation or diagnostic difficulties, rheumatolo-
gists were invited, or consulted, to assist in the diagnosis; 
women in early pregnancy; patients with a stable condition 
(Systemic Lupus Erythematosus Disease Activity Index 
[SLEDAI] score of 0–4) for 6 months or more, with no cyto-
toxic immunosuppressant treatment for 6 months or more, 
and glucocorticoid use at a prednisone dose of ≤ 10 mg/day 
(or equivalent); no significant organ damage, renal disease 
in the inactive phase, negative anti-double-strand DNA 
(dsDNA) antibodies by immunological examination, and 
normal serum complement C3 level; and no serious diseases 
of other systems.

Exclusion criteria: Pregnant patients with other severe 
disease (e.g., malignancy, trauma, consciousness, mental 
disorders); patients with a history of smoking and use of 
drugs that severely affect pregnancy outcome (e.g., cyclo-
phosphamide, methotrexate) before and during pregnancy; 
patients with a family history of adverse pregnancy outcome; 
and patients with incomplete clinical data.

The control group (hydroxychloroquine [HCQ]) received 
hydroxychloroquine tablets at a dose of 0.2 g/day two times 
daily and placebo. Patients received low-dose prednisone 
depending on the condition of the SLE or related complica-
tions in mid to late pregnancy. Hydroxychloroquine treat-
ment was continued, and placebo was discontinued until the 
35th full week of gestation.

In the observation group (hydroxychloroquine combined 
with low-dose aspirin [HCQASP]), hydroxychloroquine tab-
lets were administered at a dose of 0.2 g/day twice and aspi-
rin enteric tablets at a dose of 50 mg/day. Patients received 
low-dose prednisone depending on the condition of the SLE 
or related complications in mid to late pregnancy. Hydroxy-
chloroquine was administered continuously, and aspirin was 
discontinued until 35 full weeks of pregnancy.
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2.2 � Analysis

The SLEDAI score (≥ 15, severely active; 10–14, moder-
ately active; 5–9, mildly active; 0–4, stable disease) was 
employed to determine the activity of SLE.

The Apgar score is a common tool used for evaluating 
newborns immediately after delivery. A healthy neonate 
scores 10 points, neonates with mild asphyxia score ≤ 7 
points, and neonates with severe asphyxia score ≤ 4 points.

Fasting venous blood was collected at the time of enroll-
ment and after treatment (35 full weeks of pregnancy, or 
delivery or miscarriage), centrifuged to obtain a serum sam-
ple for storage in a refrigerator at − 20 °C. Serum cytokine 
levels were measured by enzyme-linked immunosorbent 
assay (ELISA). The ELISA kit was purchased from Abcam 
(Cambridge, UK). Anticardiolipin antibodies (ACAs) 
and anti-β2-glycoprotein I antibodies (ab2GPI) were also 
assessed by ELISA (QUANTA Lite).

2.3 � Statistical Analysis

SPSS 22.0 software (IBM Corporation, Armonk, NY, USA) 
was used for statistical analysis. Data are expressed as n 
(%) or mean ± standard deviation. P-values for each group 
were derived from the Mann–Whitney test or two-way anal-
ysis of variance (ANOVA) followed by Tukey’s multiple 
comparison tests. Fisher’s exact test was used for assessing 
the distribution of observations or phenomena between the 
two groups. A p-value <0.05 was considered statistically 
significant.

3 � Results

Table 1 shows the demographic and clinical characteristics 
of pregnant patients with SLE. There were no significant 
differences in age, pre-pregnancy body mass index (BMI), 
SLE duration, history of abortion, proportion of primipara 
or multiparous women, ACAs, aβ2GPI antibodies, lupus 
anticoagulant (LAC), and SLEDAI at admission between 
the two groups. There was also no significant difference in 
serum Th1/Th2 cytokine levels between the two groups.

Table 2 shows the pregnant outcomes of patients. No 
significant differences were observed in the proportion of 
gestational diabetes mellitus, SLE recrudesce, pre-eclamp-
sia, vaginal delivery or cesarean section, and premature 
rupture of membranes between the two groups. Patients in 
the HCQASP group had a significantly higher proportion of 
full-term pregnancies and a significantly lower proportion 
of hypertension, prematurity, and pregnancy loss than those 
in the HCQ group.

As shown in Table 3, there were no significant differences 
in fetal survival, fetal growth restriction, and fetal distress 

between the two groups. Neonates in the HCQASP group 
had significantly higher birth weights and Apgar scores (1 
or 5 min) and a significantly lower proportion of neonatal 
asphyxia than the HCQ group (Table 3 and Fig. 1a–c).

In the HCQ group, the IL-2 and IFN-γ levels were sig-
nificantly decreased and the IL-4 level was significantly 

Table 1   Demographic and clinical characteristics of pregnant patients 
with systemic lupus erythematosus treated with hydroxychloroquine 
or hydroxychloroquine combined with low-dose aspirin

Data are expressed as n (%) or mean ± SD
P-values for each group were derived from the Mann–Whitney test. 
Fisher’s exact test was used for assessing the distribution of observa-
tions or phenomena between the two groups
HCQ hydroxychloroquine, HCQASP hydroxychloroquine com-
bined with low-dose aspirin, BMI body mass index, SLE systemic 
lupus erythematosus, ACA​ anticardiolipin antibodies, SLEDAI Sys-
temic Lupus Erythematosus Disease Activity Index, aβ2GPI anti-
β2-glycoprotein I antibodies, LAC lupus anticoagulant, SD standard 
deviation, IL interleukin, IFN interferon, TNF tumor necrosis factor

Characteristics Study group p value

HCQ
[n = 45]

HCQASP
[n = 45]

Maternal age, years 28.3 ± 3.9 28.6 ± 4.2 0.316
BMI before pregnancy, kg/

m2
21.8 ± 3.6 21.4 ± 3.9 0.283

SLE duration, months 59.4 ± 15.1 61.5 ± 16.7 0.117
Parity
 Primipara 34 (75.6) 31 (68.9) 0.638
 Multipara 11 (24.4) 14 (31.1)

History of abortion
 Yes 10 (22.2) 12 (26.7) 0.807
 No 35 (77.8) 33 (73.3)

ACA​
 + 5 (11.1) 7 (15.6) 0.758
 − 40 (88.9) 38 (84.4)

aβ2GPI
 + 8 (17.8) 6 (13.3) 0.772
 − 37 (82.2) 39 (86.7)

LAC
 + 3 (6.7) 8 (17.8) 0.197
 − 42 (93.3) 37 (82.2)

Anti-Ro/SSA antibodies
 + 9 (20) 13 (28.9) 0.462
 − 36 (80) 32 (71.1)

SLEDAI at admission 2.47 ± 1.08 2.58 ± 1.11 0.813
Serum IL-2 at admission 9.57 ± 3.43 9.63 ± 3.87 0.998
Serum IFN-γ at admission 14.69 ± 4.28 13.95 ± 3.96 0.834
Serum TNF-α at admission 43.24 ± 12.09 39.69 ± 13.42 0.568
Serum IL-4 at admission 22.21 ± 8.35 23.46 ± 9.72 0.924
Serum IL-6 at admission 52.76 ± 17.52 55.64 ± 16.58 0.862
Serum IL-10 at admission 35.46 ± 14.18 38.02 ± 13.05 0.828



38	 N. Zhang et al.

increased after treatment (Fig. 2a–d). However, in the 
HCQASP group, no cytokines showed a significantly 
altered level after treatment (Fig. 2a–d). After treatment, 
patients in the HCQASP group had significantly higher 
IL-2 and IFN-γ levels and significantly lower IL-4 and 
IL-10 levels than those in the HCQ group (Fig. 2a–d).

4 � Discussion

Epidemiological studies on SLE have shown that patients 
have significant sex, age, race, and regional differences. The 
incidence and prevalence are significantly higher in female 
patients than in male patients [14]. Factors contributing to 
sex differences include immune regulation by sex hormones, 
genetic coding on the X chromosome, epigenetic modifi-
cations, and pregnancy-specific immune phenomena [15]. 
SLE and pregnancy are mutually unfavorable factors [16]. 
The 30–40% increase in blood volume during pregnancy 
increases the burden on the heart and kidneys, making it 
easier to induce SLE pathogenesis [8]. SLE patients need to 
take medication long-term or even lifelong, and the pros and 
cons of medication use during pregnancy must be weighed 
up carefully.

The ‘2020 Chinese Guidelines for the Diagnosis and 
Treatment of Systemic Lupus Erythematosus’ published 
by the Chinese Rheumatology Association recommended 
hydroxychloroquine as the main treatment for SLE [17]. 
Hydroxychloroquine can stabilize the disease, reduce 
relapses, prevent systemic damage, improve the prognosis 
of lupus nephritis, and reduce the dosage of hormones and 
immunosuppressants [5]. It has been found that the cord 
blood hydroxychloroquine concentration is the same as the 
maternal concentration, i.e. maternal and fetal exposure to 
similar hydroxychloroquine concentrations during preg-
nancy [6]. The clinical efficacy and safety of hydroxychloro-
quine are high, and studies suggest that hydroxychloroquine 

Table 2   Comparisons of 
pregnant outcomes between 
pregnant patients with systemic 
lupus erythematosus treated 
with hydroxychloroquine or 
hydroxychloroquine combined 
with low-dose aspirin

Data are expressed as n (%)
P-values for each group were derived from the Mann–Whitney test. Fisher’s exact test was used for assess-
ing the distribution of observations or phenomena between the two groups
HCQ hydroxychloroquine, HCQASP hydroxychloroquine combined with low-dose aspirin, SLE systemic 
lupus erythematosus, SD standard deviation

Characteristics Study group p value

HCQ (n = 45) HCQASP (n = 45)

Gestational diabetes mellitus 9 (20%) 4 (8.9%) 0.229
Hypertension in pregnancy 8 (17.8%) 1 (2.2%) 0.030
Pre-eclampsia 5 (11.1%) 0 (0%) 0.056
SLE recrudesce
 Mild 5 (11.1%) 6 (13.3%) 0.948
 Moderate 4 (8.9%) 5 (11.1%)
 Severe 4 (8.9%) 3 (6.7%)
 Full-term 22 (48.9%) 34 (75.5%) 0.031
 Prematurity 15 (33.3%) 8 (17.8%)
 Pregnancy loss 8 (17.8%) 3 (6.7%)

Delivery
 Vaginal delivery 3/37 (8.1%) 5/42 (11.9%) 0.717
 Caesarian section 34/37 (91.9%) 37/42 (88.1%)
 Premature rupture of membranes 6 (13.3%) 3 (6.7%) 0.485

Table 3   Comparisons of fetal outcomes between pregnant patients 
with systemic lupus erythematosus treated with hydroxychloroquine 
or hydroxychloroquine combined with low-dose aspirin

Data are expressed as n (%) or mean ± SD
P-values for each group were derived from the Mann–Whitney test. 
Fisher’s exact test was used for assessing the distribution of observa-
tions or phenomena between the two groups
HCQ hydroxychloroquine, HCQASP hydroxychloroquine combined 
with low-dose aspirin, SD standard deviation

Characteristics Study group p value

HCQ
[n = 45]

HCQASP
[n = 45]

Fetal survival 37 (82.2) 42 (93.3) 0.197
Birth weight (kg) 2.72 ± 0.69 3.06 ± 0.64 0.013
Apgar score (1 min) 7.41 ± 1.49 8.02 ± 1.39 0.042
Apgar score (5 min) 8.05 ± 1.33 8.76 ± 0.96 0.011
Fetal growth restriction 7/37 (18.9) 4/42 (9.5) 0.331
Fetal distress 6/37 (16.2) 4/42 (9.5) 0.502
Neonatal asphyxia 6/37 (16.2) 1/42 (2.4) 0.047
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Fig. 1   Comparisons of (a) birth weight, (b) Apgar score (1 min), and 
(c) Apgar score (5 min) between pregnant patients with SLE treated 
with HCQ (n  =  37) or HCQASP (n  =  42). P-values were derived 

from the Mann–Whitney test. SLE systemic lupus erythematosus, 
HCQ hydroxychloroquine, HCQASP hydroxychloroquine combined 
with low-dose aspirin

Fig. 2   Comparisons of (a) serum IL-2, (b) IFN-γ, (c) IL-4, and 
(d) IL-10 levels at admission and after treatment between pregnant 
patients with SLE treated with HCQ (n = 45) or HCQASP (n = 45). 
P-values were derived from two-way ANOVA followed by Tukey’s 

multiple comparison tests. IL interleukin, IFN interferon, SLE sys-
temic lupus erythematosus, HCQ hydroxychloroquine, HCQASP 
hydroxychloroquine combined with low-dose aspirin, ANOVA analy-
sis of variance
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is well tolerated in pregnant women and less toxic to the 
fetus, which significantly improves the prognosis of the new-
born [18].

Patients with SLE often have a hypercoagulable state of 
blood and an imbalance in the body’s coagulation-fibrino-
lytic system, which further progresses to form microthrombi, 
leading to damage to various systems [19]. Patients with 
SLE in combination with pregnancy may be at higher risk 
of thrombosis with the effects of pregnancy superimposed 
on the pathophysiology of SLE, and often have adverse 
pregnancy outcomes [20]. In SLE patients, the enhanced 
intravascular coagulation, reduced placental blood flow, 
and decreased perfusion initiates a coagulation cascade that 
accelerates platelet activation, thereby increasing throm-
boxane and decreasing prostacyclin, which may increase 
the chance of placental thrombophilia [21, 22]. Aspirin, a 
cyclooxygenase (COX)-1) inhibitor, can adjust the balance 
of platelets, thromboxane A2 (TAX2), and prostacyclin to 
reduce platelet activation, promote vasodilation, improve 
placental blood supply, prevent microthrombosis, and reduce 
adverse pregnancy outcomes and obstetric complications 
[9]. The protective effect of low-dose acetylsalicylic acid 
(LDASA) in pre-eclampsia has been demonstrated in non-
autoimmune, high-risk obstetric patients and patients with 
SLE with prior renal involvement and/or antiphospholipid 
antibodies (aPL) [23]. In pregnant patients with SLE with-
out renal involvement, and who were aPL-negative, there is 
a low risk of severe obstetric complications, such as early 
pre-eclampsia. LDASA treatment does not provide a statis-
tically significant advantage over these complications [23]. 
The 2020 ACR Guideline for the Management of Repro-
ductive Health in Rheumatic and Musculoskeletal Diseases 
suggests treatment with LDASA in all pregnant women with 
SLE [24].

In this research, patients with SLE also had no renal 
involvement. Comparison of pregnancy outcomes between 
the HCQ and HCQASP groups showed no significant differ-
ence in gestational diabetes mellitus and pre-eclampsia, but 
combination therapy with aspirin significantly reduced the 
rate of hypertension in pregnancy. There were no significant 
differences in the recurrence of SLE during pregnancy or in 
the activity (SLEDAI score) at the time of SLE recurrence. 
However, combination therapy with aspirin significantly 
improved pregnancy outcomes, increasing the proportion 
of full-term deliveries and reducing prematurity and preg-
nancy loss. Finally, no significant differences were found in 
the occurrence of premature rupture of membranes and the 
mode of delivery was also not significantly different.

We also compared fetal outcomes in the two groups. 
Thirty-seven fetuses in the HCQ group survived and 42 
in the HCQASP group, but no significant differences 
were observed. Comparing the weight and Apgar score 
of the neonates in both groups, the combination of aspirin 

treatment significantly improved both their weight and 
Apgar score. In addition, there was a significant differ-
ence between the two groups in neonatal asphyxia, but not 
in fetal distress and fetal growth restriction.

The development of SLE is related to the Th2 and Th1 
cytokine levels [11]. Estrogen and prolactin during preg-
nancy induce a shift of T1 cells towards T2 cells, which 
leads to an increased immune action of T2 cells in preg-
nant women, resulting in a cellular immune imbalance 
of the T1/T2 type [25, 26]. Usually, during the onset of 
SLE, T2 cells become the main guide, further aggravating 
the disease in SLE patients [10]. Elevated estrogen levels 
during pregnancy affect the phagocytic function of mac-
rophages, leading to less easy clearance of immune com-
plexes, which in turn accelerates the degree of SLE activ-
ity [27]. Compared with healthy subjects, SLE patients 
had significantly lower IL-2 and IFN-γ blood levels and 
significantly higher tumor necrosis factor (TNF)-α, IL-4, 
IL-6, and IL-10 levels [11]. Changes in Th1/Th2 cytokines 
are closely related to SLE disease activity. Aspirin can 
effectively regulate the balance of Th1/Th2 cytokines [13]. 
It can be speculated that hydroxychloroquine combined 
with aspirin may improve the disease by decreasing Th2 
cytokines and increasing Th1 cytokines, which is in line 
with the correlation between the increase of Th2 cytokines 
and the decrease of Th1 cytokines and the disease activity 
of SLE.

SLE and pregnancy are mutually unfavorable factors. 
The patients we recruited were in a stable phase of dis-
ease at the time of recruitment (early pregnancy), and 
as the gestational weeks progressed, the patients would 
move from a stable phase to an active phase of disease. 
The patients’ serum IL-2 and IFN-γ levels decreased (Th1 
cytokines), while their IL-4 and IL-10 levels increased 
(Th2 cytokines). We found this trend in both the HCQ 
and HCQASP groups, but aspirin supplementation sig-
nificantly improved this trend compared with single HCQ 
dosing.

5 � Conclusions

The present work in pregnant patients with SLE compared 
the differences in the effects of hydroxychloroquine alone 
and hydroxychloroquine combined with low-dose aspirin 
on pregnancy outcomes, and the effects on serum Th1/Th2 
cytokines. Hydroxychloroquine combined with low-dose 
aspirin can effectively improve the pregnancy outcomes of 
pregnant women with SLE by affecting the levels of Th2 
and Th1 cytokines. The results provide a reference for the 
clinical improvement of maternal and infant outcomes in 
pregnant patients with SLE.
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