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Background:: Empirical use of Hydroxychloroquine (HCQ) in patients with positive antinuclear antibody spectrum (ANAs) test result is controversial regarding its impact on improving perinatal outcomes. This study aimed to investigate the effect of HCQ on adverse pregnancy outcomes associated with placental dysfunction in ANAs-positive patients.

Methods:: The study included pregnant women with positive ANAs test result from 2016 to 2020 in our center, and divided into a weakly positive and a positive group in just ANA positive patients among them. Univariate and multivariate analyses were conducted to determine the effect of HCQ on pregnancy outcomes in each subgroup. Stratified and interactive analyses were performed to assess the value of HCQ in improving pregnancy outcomes.

Results:: (i) A total of 261 cases were included, accounting for 30.60% of pregnancy complicated with autoimmune abnormalities, and 65.12% of them used HCQ during pregnancy. (ii) The application of HCQ significantly reduced the incidence of early-onset preeclampsia (1.18% vs. 12.09%, p = 0.040) and small-for-gestational-age infants (10.06% vs. 25.84%, p = 0.003) in the ANAs-positive population, increased birth weight (3075.87 ± 603.91 g vs. 2847.53 ± 773.73 g, p = 0.025), and prolonged gestation (38.43 ± 2.31 vs. 36.34 ± 5.45 weeks, p < 0.001). (iii) A total of 185 just ANA-positive patients were stratified according to titers. Among them, the rate of HCQ usage was significantly higher than that in the weakly positive group (81.03% vs. 58.27%, p = 0.003). (vi) Stratified univariate analysis showed that HCQ usage in the ANA-positive group could reduce the incidence of preeclampsia (2.13% vs. 27.27%, p = 0.019) and prolong gestation (38.29 ± 2.54 vs. 34.48 ± 7.68 weeks, p = 0.006). In the ANA-weakly positive group, HCQ significantly reduced the incidence of preeclampsia (6.76% vs. 28.30%, p = 0.002), early-onset preeclampsia (1.35% vs. 13.21%, p = 0.027), and small-for-gestational-age infants (7.89% vs. 35.19%, p < 0.001). Multivariate regression analysis showed that HCQ significantly reduced the incidence of preeclampsia in both groups. Intergroup interaction analysis showed no significant difference in the value of HCQ in reducing the incidence of preeclampsia between the two groups.

Conclusion:: ANAs positivity is an important abnormal autoimmunity type in pregnancy. HCQ can be considered as a choice for improving adverse pregnancy outcomes related to placental dysfunction, such as preeclampsia, in this population.
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1. Introduction

Antinuclear antibody (ANA) are auto-antibody that target various eukaryotic cell components, and ANA spectrum (ANAs) are commonly utilized in clinical practice as a crucial biological marker of autoimmune diseases (AID) (1). ANAs positivity has been observed at a higher detection rate in populations with infertility and recurrent miscarriage. However, the mechanism by which ANAs contribute to adverse pregnancy outcomes remains uncertain (2–4).

Hydroxychloroquine (HCQ) has emerged as a essential therapeutic option for pregnant patients with systemic lupus erythematosus (SLE), Sjögren’s syndrome syndrome (SS), and undifferentiated connective tissue disease (UCTD), owing to its multilevel immune anti-inflammatory effect (5). Prior studies have demonstrated its efficacy in improving perinatal outcomes in the aforementioned disease population, particularly in reducing the incidence of preeclampsia and other adverse pregnancy outcomes (6, 7). Despite these promising results, there is ongoing debate surrounding the application of HCQ in ANAs-positive populations. Given its pharmacological mechanism, post-pregnancy immune status, coagulation function changes, and pathogenesis of placental dysfunction-related diseases, we aimed to investigate the potential benefit of HCQ in mitigating adverse pregnancy outcomes associated with placental dysfunction in pregnant patients with ANAs positivity. Our study analyzed cases of pregnant patients with ANAs positivity, and evaluated the impact of HCQ on disease prevention and treatment, specifically preeclampsia.



2. Materials and methods


2.1. Inclusion criteria

This research was a retrospective cohort study conducted at a single medical center. The study enrolled all pregnant patients with ANAs positivity who were admitted to the obstetric department of Peking University Third Hospital between January 1, 2016, and December 31, 2020. The study utilized hospitalization and delivery information obtained from complete patient case files, and ensured the availability of unambiguous diagnostic information.



2.2. Exclusion criteria

The exclusion criteria for this observational and retrospective cohort study were defined as follows: (i) pregnancy loss before 14 weeks of gestation; (ii) incomplete case information due to delivery at a hospital other than the Peking University Third Hospital or other reasons; (iii) abortion or midterm induction of labor not related to AID condition factors, where the mother and fetus remained stable during pregnancy, but the pregnancy was terminated due to concerns about the potential risk of combined AID, the detection of fetal malformations, or social factors.



2.3. Case screening process

The study population comprised individuals who tested positive for ANAs, but who lacked clinical symptoms, medical history, or signs of AID. Participants did not meet any diagnostic criteria for AID and did not test positive for any other autoantibodies. Given the potential for overdiagnosis or inaccurate detection of autoimmune abnormalities, we employed a preliminary screening process that encompassed all cases possibly related to such abnormalities, followed by rigorous diagnostic re-evaluation to minimize the risk of omissions.

During the designated period, we conducted an initial screening of patients in the electronic medical record system using relevant diagnostic keywords and ICD coding standard diagnostic terms. Specifically, we used terms such as “autoimmune disease,” “connective tissue disease,” “autoantibody-positive,” “ANA or ANA spectrum positive,” “adverse pregnancy and delivery history,” and “recurrent spontaneous abortion, recurrent miscarriage, or habitual abortion” to identify potential cases for inclusion in our study population.

Subsequently, the medical records of the eligible patients were scrutinized, and their diagnostic records were analyzed to evaluate their autoimmune symptoms, physical examinations, and auxiliary examinations. We meticulously evaluated each case and ruled out co-occurring positive autoantibodies or definite diagnoses of AID. We also recorded the highest titer values for each case.



2.4. Classification, grouping, and stratification standards

The present study aimed to investigate the effects of HCQ application during pregnancy in pregnant women with positive ANAs test results. The study population was divided into two groups: the exposed group (study group), which consisted of pregnant women who received HCQ treatment during pregnancy, and the non-exposed group (control group), which consisted of pregnant women who did not receive HCQ treatment during pregnancy. The duration of HCQ dosing was defined as taking hydroxychloroquine sulfate at a dose of 0.1–0.2 g/dose, 2 times/day, for at least 1 month. Additionally, ANA-positive patients were further classified into two groups based on their ANA titres: weakly positive (ANA levels ≤1:80) and positive (ANA levels >1:80).



2.5. Observation indicators and outcome indicators

(i) The study collected demographic and medical history information, including age, gravidity times, previous deliveries, previous early pregnancy loss (spontaneous abortion or embryo arrest), obesity, and history of preeclampsia. (ii) Current pregnancy indicators were considered, such as weight gain during pregnancy, whether assisted reproduction was used, multiple pregnancies, combined kidney disease, combined chronic hypertension, pregestational diabetes mellitus, gestational diabetes mellitus, preeclampsia, and early onset preeclampsia. (iii) Pregnancy outcomes were assessed and included the week of delivery, the mode of delivery, neonatal birth weight, the neonatal Apgar score, small for gestational age (SGA), and pregnancy loss in mid-to-late pregnancy (embryonic abortion at more than 14 weeks of gestation, missed abortion, or stillbirth). (iv) Medication use during pregnancy was defined, including the use of HCQ (duration and indications), prophylactic anticoagulation (aspirin and/or low molecular heparin), or other immune anti-inflammatory therapies (immunosuppressive agents and/or glucocorticoids).

The study aimed to investigate the effects of HCQ use during pregnancy on maternal and neonatal outcomes related to placental function. The primary outcomes were preeclampsia, early-onset preeclampsia, and SGA, while the secondary outcomes included the gestational week of delivery, birth weight, neonatal asphyxia, and mid-to-late pregnancy loss.

• Obesity was defined as an adult body mass index ≥28 kg/m2 before pregnancy.

• Neonatal asphyxia was defined as a neonatal Apgar score of ≤7 at the first minute, reflecting the intrauterine condition of the fetus. The analysis of neonatal asphyxia in this study was performed on live-born babies (neonates, viable infants) at all gestational weeks.

• The present study involved the recording of birth weight for fetuses delivered at ≥24 weeks of gestation. A semicustomized fetal growth curve was developed by referring to the 2019 Expert Consensus on Fetal Growth Restriction, calibrated to the Chinese population (8). Birth weight was defined as SGA if it was below the 10th percentile of the desirable weight for the same gestational age. The analysis of birth weight and SGA was limited to fetuses delivered at ≥24 weeks of gestation, whether they were live-born, aborted or stillborn.

• Preeclampsia cases were defined in accordance with national and international guidelines. Early-onset preeclampsia referred to the termination of pregnancy before 34 weeks of gestation due to preeclampsia (9).



2.6. Statistical analysis of data

The data were collected and organized using Microsoft Excel 2020, and statistical analysis was conducted using SPSS 26.0 software.

For measurement data, the mean ± standard deviation was used depending on the normality test results. Independent sample t-tests, one-way ANOVA or nonparametric tests were employed for comparison between groups, and linear regression was used for multifactor analysis.

Count data were presented as the number of cases (percentage), and the chi-square test was used for group comparison. Multifactor analysis was performed using logistic regression. A two-sided p < 0.05 was considered statistically significant for all tests.



2.7. Ethics statement

The present study received ethical approval from the Institutional Review Board and Ethics Committee of the Third Hospital of Peking University, People’s Republic of China (2022 No. 203‑01).




3. Results


3.1. Demographic and clinical characteristics of pregnant women with a positive ANAs test result

A total of 261 pregnant patients with ANAs positivity were enrolled, representing 30.60% (261/853) of pregnant patients with autoimmune abnormalities during the same period. Among the ANAs positive patients, 65.12% received treatment with HCQ during pregnancy. The demographic information and clinical characteristics of the ANAs positive and negative groups are presented in Table 1.



TABLE 1 Demographic information and clinical characteristics of antinuclear antibody spectrum-positive population.
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The medication regimen for HCQ used in this study was relatively uncomplicated, as the clinically recommended minimum effective dose was 6.5 mg/kg/day based on ideal body weight. The dosage form of drugs commonly sold in the region and caution in pregnancy may have contributed to the simplified regimen. None of the patients received long-term high-dose (>400 mg QD) HCQ, and in most cases(78.82%, 134/170), HCQ was administered long-term at a dose of 400 mg QD (200 mg BID) from preconception or early pregnancy to delivery.

The HCQ-treated group had a significantly higher proportion of patients receiving prophylactic anticoagulation (low molecular heparin and/or aspirin) and immune anti-inflammatory medications (oral glucocorticoids and/or immunosuppressants) than the non-HCQ-treated group (89.41% vs. 46.15%, p < 0.001; 47.64% vs. 14.29%, p < 0.001). Additionally, the proportion of patients with a history of ≥2 times early pregnancy losses was significantly higher in the HCQ-treated group than in the non-treated group (38.24% vs. 21.98%, p = 0.008).



3.2. Overall effect of HCQ on pregnancy outcomes in the ANAs-positive population

Table 2 presents the results of univariate and multifactorial analyses of perinatal outcomes related to placental dysfunction in pregnant women with ANAs positivity.



TABLE 2 Analysis of hydroxychloroquine and pregnancy outcomes in the population with positive antinuclear antibody spectrum.
[image: Table2]

Model-1 included variables such as primiparas, obesity, and pre-gestational diabetes mellitus, which are known risk factors for preeclampsia. These variables showed a significant difference between the HCQ group and the group without HCQ (Table 1). In addition, age was also included as an independent risk factor. Model-2 included all variables in model-1 and other medications taken during pregnancy, such as prophylactic anticoagulation, anti-inflammatory or immunosuppressive drugs.

Both univariate and multivariate analyses showed that the use of HCQ during pregnancy was associated with a significant decrease in the incidence of early-onset preeclampsia (1.18% vs. 12.09%, p = 0.040) and SGA (10.06% vs. 25.84%, p = 0.003), as well as an increase of birth weight (3075.87 ± 603.91 vs. 2847.53 ± 773.73 g, p = 0.025) and prolonged gestation (38.43 ± 2.31 vs. 36.34 ± 5.45 weeks, p < 0.001).



3.3. ANA titer stratification and demographic and clinical characteristics

Of the 261 pregnant patients with ANAs positivity, 70.99% (185/261) were positive for ANA and 29.11% (76/261) were negative for ANA but positive for other antibodies in the spectrum of ANA. The ANA-positive cases were further stratified according to ANA antibody titers, with 127 patients in the ANA weakly positive group and 58 patients in the ANA positive group. The demographic and clinical characteristics of these populations with different ANA titers were presented in Table 3.



TABLE 3 Demographic information and clinical characteristics of populations with different titers of antinuclear antibodies.
[image: Table3]

Notably, the application of HCQ during pregnancy was significantly higher in the ANA-positive group than in the weakly positive group (81.03% vs. 58.27%, p = 0.003), as was the combined application of prophylactic anticoagulation (84.48% vs. 70.08%, p = 0.037). However, no significant difference was found between the two groups in terms of combined anti-inflammatory or immunosuppressive therapies (34.48% vs. 33.07%, p = 0.850).



3.4. Stratified analysis of HCQ application and pregnancy outcomes in the ANA-positive population

The present study investigated the efficacy of HCQ in improving pregnancy outcomes within specific subgroups, as stratified by ANA titer and presented in Table 4.



TABLE 4 Stratified analysis of hydroxychloroquine and pregnancy outcomes in antinuclear antibody positive population.
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Stratified univariate analysis indicated that HCQ use in the ANA-positive group significantly reduced the incidence of preeclampsia (2.13% vs. 27.27%, p = 0.019) and prolonged gestation (38.29 ± 2.54 vs. 34.48 ± 7.68 weeks, p = 0.006). In the ANA-weakly positive group, HCQ significantly reduced the incidence of preeclampsia (6.76% vs. 28.30%, p = 0.002), early-onset preeclampsia (1.35% vs. 13.21%, p = 0.027), and SGA (7.89% vs. 35.19%, P<0.001). Furthermore, HCQ use prolonged gestation (38.39 ± 2.65 vs. 37.05 ± 4.15 weeks, p = 0.028) and increased birth weight (3101.84 ± 636.39 vs. 2789.07 ± 776.31 g, p = 0.013) in this group.

Multivariate regression analysis, adjusting for demographic information, clinical characteristic factors, and concomitant medication use, showed that HCQ significantly reduced the incidence of preeclampsia in both ANA-positive and ANA-weakly positive groups, significantly prolonged gestation weeks in the ANA-positive group, and significantly reduced the incidence of SGA in the ANA-weakly positive group.

Finally, univariate and multivariate interaction analyses demonstrated no significant difference in HCQ efficacy in reducing the incidence of preeclampsia between the two ANA subgroups.




4. Discussion


4.1. Antinuclear antibodies may be associated with adverse pregnancy outcomes

Autoantibodies are produced as a result of immune dysregulation or cross-reactivity between foreign antigens and self-components. These autoantibodies target self-antigens and can elicit pathological immune responses, resulting in tissue damage and dysfunction (10). ANA, an antibody that targets intracellular components, is highly sensitive and can be used for screening despite its relatively poor disease specificity. ANAs, also known as the ANA profile, is a collection of antibodies that target various components of eukaryotic cells, including nuclear components, nucleic acids, nuclear proteins, cytoplasmic components, cytoskeletons, and cytokinesis cycle proteins. ANA profile exhibits varying sensitivities and specificities for specific AID diagnoses and serves as an important diagnostic tool for AID-assisted diagnosis (1).

Physiological autoantibodies can also be generated by a normal immune response, hence low ANA titers typically lack clinical significance in the general population, while high ANA titers (≥3 times the cut-off) have been linked to AID, such as SLE and SS. A higher ANA titer indicates a stronger association with AID, but does not imply greater disease severity. Rather, the titers of specific antibodies against target antigens within the ANA profile may be correlated with disease activity (1, 11). Moreover, the present study conducted a stratified investigation of different ANA titers and revealed that univariate and multivariate interaction analyses between the two groups demonstrated no significant difference in the efficacy of HCQ in improving the incidence of preeclampsia in patients with different ANA titers (Table 4).

The prevalence of ANAs has been found to be notably higher in patients experiencing embryo transfer failure and recurrent miscarriage compared to the general population (2, 4). Furthermore, the presence of ANAs has been shown to significantly increase the incidence of placental dysfunction-related adverse pregnancy outcomes, such as preeclampsia, in affected individuals (12). While the exact mechanism by which ANAs contribute to pregnancy loss is not yet fully understood, it is thought to involve several factors, including interference with immune tolerance at the maternal-fetal interface (13), damage to endothelial function (14, 15), and the inhibition of RNA transcription through the presence of RNA-binding complexes within ANAs (16).



4.2. Management status of pregnant women with positive ANAs test results who do not satisfy the diagnostic criteria of aid

For patients who exhibit a positive ANAs profile without evidence of a diagnosed AID, the potential impact of autoantibodies on maternal-foetal outcomes is not fully understood. As per previous guidelines and consensus, monitoring for clinical signs without drug recommendations is recommended (5, 17).

In the present study, individuals with positive ANAs test results often receive empirical medication, or even multiple medications, during pregnancy. This high degree of medication heterogeneity is linked to a lack of standardized clinical management, where the overdiagnosis of AID is frequently observed in clinical practice, and a subset of these patients may not receive adequate attention (10).

This study showed that patients with a history of ≥2 early pregnancy losses in the HCQ group was significantly higher than that in without HCQ group (38.24% vs. 21.98%, p = 0.008), and the proportion of primiparas was higher (87.65% vs. 70.33%, p = 0.001). These results suggest the contribution of the adverse pregnancy outcomes history. In clinical practice, a history of adverse pregnancy outcomes, or even infertility and repeated transplant failure with assisted reproduction, can increase the economic and psychological pressure on patients and their families, leading to an urgent desire for pregnancy, and may also motivating patients to seek empirical or combined medications (18). Additionally, insufficient observation time for related symptoms and abnormal immune indicators, the lack of standardized follow-up all can affect the clinical diagnosis of AID.

The overdiagnosis of connective tissue disease based solely on laboratory indicators, without considering clinical signs and symptoms, is common in this population. In addition to being a waste of health and economic resources, overdiagnosis exposes patients to potential risks associated with unnecessary medications, as illustrated in Table 1. Among ANA-positive patients, the use of HCQ during pregnancy was more common in those also receiving anticoagulation therapy (89.41% vs. 46.15%, p < 0.001) and glucocorticoid or other immunosuppressive therapy (47.65% vs. 14.29%, p < 0.001).



4.3. Value of HCQ in improving pregnancy outcomes related to placental dysfunction in ANAs-positive population

Recent reports indicate that HCQ reduces adverse pregnancy outcomes (7, 19, 20), including preeclampsia, in individuals with AID such as SLE (21), UCTD (22), and APS (23). Additionally, the safety of HCQ during pregnancy and lactation has been widely confirmed (24), indicating its potential as a drug option to improve placental function in individuals with autoimmune abnormalities.

Placental dysfunction can result in serious adverse maternal and fetal outcomes. However, the current drugs available for the prevention and treatment of these diseases have limited efficacy due to their single-targeted approach, including antispasmodic, antihypertensive, and circulatory improvement, and the limitations of aspirin in the prevention of preeclampsia (25, 26). Thus, it is essential to combine drugs with different targeting mechanisms to prevent and treat preeclampsia in clinical practice. Implementing multilevel preventive measures at each stage of maternal-fetal interface can further reduce the incidence of placental dysfunction diseases.

The widespread use of HCQ as a nonspecific immunoregulation drug in ANA-positive populations is primarily due to the recent focus on the inflammatory response at the maternal-fetal interface in autoimmune abnormalities (19). There is a broad suggestion of HCQ’s potential value in patients with abnormal autoimmune states to control immuno-inflammation. Our study’s findings further support the significance of HCQ in improving pregnancy outcomes related to placental dysfunction in ANA-positive populations.



4.4. Strengths and limitations

In this study, we aimed to address the issue of unstandardized diagnosis of AID during pregnancy and the potential overindication or unindicated use of immunosuppression drugs during pregnancy. We retrieved relevant data from the electronic medical record system of enrolled patients and rechecked the diagnosis in accordance with the recorded symptoms and physical and auxiliary examination results of the patients to ensure the accuracy of the study data.

However, this single-center retrospective study has some limitations. (i) Despite the use of stratified and multivariate regression analysis, the results may still be biased due to the limited sample size. (ii) The timeframe for the observation of relevant symptoms and abnormal laboratory indicators was insufficient due to the urgent desire of pregnancy in some cases. (iii) The review of the diagnostic process may have missed a very small proportion of autoimmunity that is still in a subclinical stage and was not identified and diagnosed. (iv) The study was based on obstetric hospital records, which excluded early pregnancy outcomes, such as biochemical pregnancy, graft failure, and early spontaneous abortion. (v) There is heterogeneity among patients, and the dosage and time frame of HCQ in some patients are not completely uniform.



4.5. Summary and outlook

In this study, we investigated the value of HCQ in improving placental dysfunction in pregnant women with ANAs positivity, based on the current empirical application of HCQ and the understanding of its pharmacological mechanism. We retrospectively analyzed cases from our hospital over the past 5 years and found a significantly higher incidence of adverse pregnancy outcomes in the ANAs-positive population, particularly related to complications of placental dysfunction such as preeclampsia. HCQ may be a promising pharmacological option for this population, with its multilevel immune anti-inflammatory mechanism and potential endothelial protective and thromboprophylactic effects, regardless of ANA titers. Clinical management of ANAs-positive patients often exhibits both overdiagnosis and underconcern, and a comprehensive judgment should be made by combining symptoms, signs, and medical histories to identify potential AID while avoiding overdiagnosis.

However, to validate our findings, a more in-depth and large-scale multi-center prospective cohort study will be conducted in the future. Additionally, investigating the mechanism of placental dysfunction caused by autoimmune abnormalities and the improvement of placental function by HCQ will be the focus of our next investigation.
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JOR1, adjusts for differences in demographic and clinical characteristics; aOR2, adjusts for other medications during pregnancy based on differences in demographics and clinical characteristics.
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Birth weight and small-for-gestational-age infants were analyzed for fetuses with a gestational age of >24 weeks; Apgar score analysis was for live-born fetuses at all gestational weeks. /ORI,
adjusts for differences in demographic and clinical characteristics; aOR 2, adjusts for other medications during pregnancy based on differences in demographics and clinical characteristics.
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