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ABSTRACT 

	Aims: To review the literature and analyze the main risk factors for the development of preeclampsia in women with Systemic Lupus Erythematosus. 
Methodology: The study consists of a systematic review using the PRISMA 2020 guidelines through the search for articles in the PubMed, BVC/LILACS and Cochrane databases, covering clinical trials and observational studies published between 2013 and 2023. The articles were selected by two authors, using the Rayyan tool, and the divergences were analyzed by a third reviewer. A form previously defined by the authors was used to extract the main data from the studies and the quality of the articles was assessed using the Cochrane tool (ROBINS-I). Of the 171 articles initially selected, 9 met the inclusion and exclusion criteria, covering a total of 500,780 women. 
Results: Lupus activity before and during pregnancy was identified as a risk factor for preeclampsia (95% CI 1.04-7.4 and 95% CI 1.0-9.1), as well as younger age (P < 0.01), multiparity (95% CI 0.01-0.95) and high BMI (P = 0.026). Renal disease (95% CI 1.944-74.376), pregestational hypertension (95% CI 2.67-125.01), MAP value > 95 mmHg (95% CI 24.39-999.99) and previous hematological disorders (95% CI 1.03-16.67), as well as lower estimated glomerular filtration rate (CI 95% 4.35–80.70), positive aCL-IgM (95% CI 1.11–333.33), serum albumin < 31.5 g/L (95% CI 2.07–47.62), serum uric acid ≥ 303 μmol/L (95% CI 1.40–22.22), and 24-hour proteinuria ≥ 0.286 g (95% CI 2.43–83.33) also increased the risk for preeclampsia. Another predictor of risk was the use of prednisolone (OR=2.33), and a lower risk was identified with the use of antimalarial drugs (95% CI 0.08-0.53). 
Conclusion: Certain factors associated with women with Lupus contribute to the development of preeclampsia and their early identification may allow a targeted follow-up to prevent and treat possible complications early.
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1. INTRODUCTION 

Systemic Lupus Erythematosus (SLE) is a chronic autoimmune and inflammatory disease characterized by periods of activity and remission. It can affect virtually all organs of the body, including the skin, joints, kidneys, and central nervous system. The etiology of the disease remains unknown, but its pathogenesis is known to involve an immunological cascade triggered by environmental and hormonal factors in genetically susceptible individuals, particularly those with complement deficiency and the HLA DR2 gene (Carvalho et al., 2019). Under certain stimuli, T and B lymphocytes specific to self-antigens become activated due to failures in the mechanisms responsible for self-tolerance, leading to the production of autoantibodies and the formation of immune complexes (Sawada et al., 2019). Environmental and hormonal factors involved in SLE pathogenesis include ultraviolet radiation exposure, smoking, infections, medication use, and stress (Fava and Petri, 2019).
Lupus predominantly affects women, with a 9:1 ratio compared to men, and is most common in young adults of reproductive age, with an average onset between 24 and 32 years (Pons-Estel et al., 2017). Additionally, since SLE does not directly affect fertility, it is quite common to encounter pregnant women with lupus. However, during pregnancy, increased TH2 cell production and hormonal changes, combined with the TH2-predominant immune response in lupus, trigger a pro-inflammatory state, leading to greater disease activation and severity. For this reason, pregnant women with lupus have a higher risk of developing obstetric complications, such as preterm births, miscarriages, and preeclampsia (Maynard et al., 2019).
In this group of patients, preeclampsia (PE) is one of the most significant complications, occurring in 16–30% of pregnant women with lupus, compared to a prevalence of 5–7% in healthy women (Lateef and Petri, 2017). This syndrome is characterized by elevated systemic blood pressure, usually associated with proteinuria or significant target organ dysfunction, in a patient beyond 20 weeks of gestation (ACOG, 2020). Its pathogenesis is not fully understood but is known to involve superficial trophoblast invasion into the uterus and abnormal placentation, resulting in incomplete remodeling of spiral arteries. Consequently, there is an exaggerated maternal inflammatory response and widespread endothelial dysfunction, increasing the risk of potentially severe and fatal events, such as seizures, cerebral hemorrhage, stroke, placental abruption, liver failure, and pulmonary edema (Opichka et al., 2021).  
General risk factors for preeclampsia in women include a family history of the condition, advanced maternal age, pre-existing hypertension or diabetes, and obesity, among others. In women with lupus, the reasons for the increased risk are unclear, but some predictors, such as the presence of antiphospholipid antibodies and hypocomplementemia, as well as mechanisms involving inflammation and microangiopathy, may be associated with the development of this hypertensive condition (Dalal et al., 2019; Silva et al., 2021).  
Preeclampsia can affect multiple organs and cause severe systemic repercussions for both the mother and fetus, such as disseminated intravascular coagulation, acute kidney injury, acute pulmonary edema, intracranial hemorrhage, and hepatic rupture (Kahhale et al., 2018). Identifying risk factors for preeclampsia in women with systemic lupus erythematosus can help prevent these complications by enabling closer monitoring during pregnancy and the use of specific tests that may facilitate early treatment.  
Thus, the objective of this study is to analyze the primary risk predictors for developing preeclampsia in women with systemic lupus erythematosus, aiming to prevent this hypertensive condition and improve the safety and quality of life for these patients.

2. methodology 

The present study is a systematic review of the literature, with data obtained from updated sources using systematic methods to identify, select, and critically evaluate the risk predictors for preeclampsia in pregnant women with Systemic Lupus Erythematosus. This review followed the recommendations outlined by the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) (Figure 1), and the review protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) under the registration number CRD42024581541.

2.1 Identifying the research question

The guiding question for this review was formulated using the PICO strategy, which analyzes the relationship between events based on its components. In this acronym, the Population targeted by the research is defined, followed by the Intervention to be studied, the Comparison with other interventions, and the Outcome intended to be achieved. For this study, the "Comparison" component was excluded, as the objective of this review was to analyze the risk factors involved in the occurrence of preeclampsia, making the comparison of different interventions non-essential.
Thus, the guiding question of this review was: “What are the risk factors for the occurrence of pre-eclampsia in pregnant women with Systemic Lupus Erythematosus?”.

Table 1. Description of the research question formulation strategy

	Acronym
	Definition
	Denomination

	P
	Population
	Pregnant women with SLE

	I
	Intervention
	Risk factors 

	O
	Outcome
	Pre-eclampsia



2.2 Search strategy and eligibility criteria

The article search was conducted in the electronic databases PubMed, BVS/LILACS, and Cochrane using descriptors included in the Medical Subject Headings (MeSH) and Health Sciences Descriptors (DeCs), combined with Boolean operators in the following search formula: “Risk factors” AND “Systemic Lupus Erythematosus” OR “SLE” OR “Lupus” AND “Pregnancy” OR “Pregnant” OR “Pregnancy diseases” OR “Pregnancy complications” OR “Adverse pregnancy outcomes” AND “Pre-eclampsia” OR “Preeclampsia”. Clinical trials and observational studies (cohort and case-control) with full text, published in Portuguese, English or Spanish between 2013 and 2023, were included. Exclusion criteria were: duplicate articles, editorials and reviews, studies conducted in animals, and studies reporting risk factors for the development of diverse obstetric complications rather than specifically preeclampsia.

2.3 Study selection and data extraction

Two authors independently evaluated the titles and abstracts of the studies identified and selected those that met the inclusion and exclusion criteria. Subsequently, the eligible studies were read in full by the authors, and any disagreements were resolved by a third reviewer. The Rayyan tool was used for article selection, and a pre-defined form was employed to analyze and extract the following data from each study: the name of the first author and year of publication, the country where the study was conducted, study design, sample size, and the variables influencing the occurrence of preeclampsia.
	
2.4 Analysis of Bias

To assess the quality of the included studies, the Cochrane Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool was used, evaluating the following domains: bias due to confounding factors, bias in the selection of participants, bias in the classification of interventions, bias due to deviations from intended interventions, bias due to missing data, bias in the measurement of outcomes, bias in the selection of reported outcomes, and overall bias. Three reviewers independently assessed the risk of bias and classified it as low, moderate, serious, critical, or no information available. Discrepancies were individually evaluated and resolved through discussion.
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Fig 1. The PRISMA flowchart of search strategy and selection process.

3. results 

3.1 Included Studies

The initial search identified 171 records in the databases. After removing 65 duplicates, 106 articles were screened based on their titles and abstracts. Of these, 79 were excluded, leaving 27 publications for full-text review (Figure 1). Ultimately, this systematic review included nine articles involving a total of 500,780 pregnant women with SLE.  
In this context, Table 2 details the baseline characteristics of the included studies. The articles were published between 2017 and 2021, with most conducted in European countries (Norway, Sweden, Portugal, Italy), Asian countries (Japan, China, South Korea), and North America (Mexico), representing 44%, 44%, and 11% of the publications, respectively. This review included eight retrospective observational studies (89%) and one prospective study (11%).

3.2 Systemic Lupus Erythematosus Activity

SLE activity was identified as a significant risk factor for the development of hypertensive pregnancy outcomes in two included studies: the risk of preeclampsia is higher in women in the active phase of lupus disease (Skorpen et al., 2017), and disease activity both before (relative risk [RR] 2.7, 95% CI 1.04–7.4) and during pregnancy (RR 3.0, 95% CI 1.0–9.1) was associated with the development of preeclampsia (Saavedra et al., 2020).

3.3 Demographic profile

The mean ages of patients across all studies ranged from 27.4 to 34.1 years, with an average of 33.5 years for nulliparous women and 34.1 years for multiparous women (Maeda et al., 2020). Additionally, the mean age of women treated with HCQ was 32.8 years, compared to 31.8 years for those not receiving treatment (Seo et al., 2019). 
Univariate logistic regression analyses revealed that the gestational age at disease onset increased the risk of preeclampsia/eclampsia (Chen et al., 2021). Furthermore, in pregnancies complicated by preeclampsia, women appeared to be younger (25.3 vs. 29.9 years, p < 0.01) (Reis et al., 2019). 
Regarding parity, multiparous women with SLE had a statistically significantly lower risk of preeclampsia compared to nulliparous women with SLE (adjusted odds ratio [aOR]: 0.08; 95% CI: 0.01–0.95) (Maeda et al., 2020). Additionally, in pregnancies complicated by preeclampsia, nulliparous women were more frequently affected, suggesting a potential risk factor for the condition (81.8% vs. 59.6%, p < 0.20) (Reis et al., 2019).  
Body Mass Index (BMI) was also evaluated as a significant and independent risk factor for the development of preeclampsia. It was also noted that pregnant women with SLE undergoing hydroxychloroquine treatment had a higher BMI compared to those not treated (24.3 kg/m² vs. 23.0 kg/m², p = 0.026) (Seo et al., 2019).

3.4 Comorbidities

Regarding comorbidities, lupus nephritis (LN) is a significant condition, with the presence of pregestational LN serving as an indicator for the development of preeclampsia (PE) (Seo et al., 2019). Women with prior or active LN during pregnancy are more likely to develop PE compared to those with systemic lupus erythematosus (SLE) without renal involvement (25.7% vs. 2.9%, p=0.001) (Bremme et al., 2021). In this context, renal involvement has been identified as an independent risk factor for PE (aOR: 8.380, 95% CI: 1.944–74.376) (Chen et al., 2021), with a high prevalence of LN in pregnancies complicated by PE (81.8% vs. 27.3%, p < 0.01) (Reis et al., 2019).
Systemic arterial hypertension has also been found to be an independent risk factor for PE, as evidenced by stepwise multiple regression analysis (aOR: 19.185; 95% CI: 3.921–93.868) (Chen et al., 2021). Another study, through multivariate analysis, revealed that a mean arterial pressure (MAP) greater than 96.5 mmHg and the presence of pregestational hypertension were independent risk factors (OR 213.15, 95% CI=24.39–999.99 and OR 18.19, 95% CI=2.67–125.01, respectively) (Jiang et al., 2020).
Pre-gestational hematologic disorders, such as thrombocytopenia, have also been indicated as independent risk factors for the development of PE (OR 4.13, 95% CI=1.03–16.67) (Jiang et al., 2020).

3.5 Biochemical parameters

The presence of proteinuria increased the risk of developing preeclampsia (PE) by 2.45 times, while serum creatinine levels greater than 1.2 mg/dL were associated with a 1.25-fold higher risk compared to patients with serum creatinine levels below 1.2 mg/dL. An estimated glomerular filtration rate (eGFR) lower than 90 mL/min/1.73 m² increased the risk of PE by 18.73 times, with the association between eGFR and PE being highly significant (OR: 18.73; 95% CI: 4.35–80.70; p < 0.001), suggesting a strong relationship with the outcome (Mecacci et al., 2017).  
According to clinical reference values, positive aCL-IgM (OR 19.85, 95% CI = 1.11–333.33), serum albumin <31.5 g/L (OR 9.88, 95% CI = 2.07–47.62), serum uric acid ≥ 303 μmol/L (OR 5.58, 95% CI = 1.40–22.22), and 24-hour proteinuria ≥ 0.286 g (OR 14.39, 95% CI = 2.43–83.33) were identified as independent risk factors for PE in pregnant women with systemic lupus erythematosus (SLE) (Jiang et al., 2020). 
In one study, 25.2% of women had proteinuria, an important marker of renal disorders associated with SLE. It was demonstrated that elevated uric acid levels and lower eGFR before conception or during the first trimester of pregnancy were significantly associated with the development of PE. Multivariate analysis showed that the estimated glomerular filtration rate (OR 0.931, 95% CI: 0.886–0.979, P = 0.005) is an independent risk factor, with reduced eGFR being associated with a higher risk of adverse outcomes (Seo et al., 2019).

3.6 Pharmacological therapy

The use of prednisolone was associated with a significant increase in the likelihood of developing preeclampsia (OR = 2.33) (Skorpen et al., 2017), with another study showing that a higher percentage of patients who developed preeclampsia were using prednisone (88.9% vs. 71%, P = 0.01) (Saavedra et al., 2020).
Interestingly, in one study, patients who did not develop preeclampsia received antimalarial medications more frequently than those who did (84.8% vs. 68.2%, P = 0.007). The use of antimalarials during pregnancy was the only factor associated with a lower risk of developing preeclampsia (RR 0.21, 95% CI 0.08–0.53, P < 0.001) (Saavedra et al., 2020). Other authors also demonstrated that HCQ treatment was associated with an 89.4% reduction in the risk of developing preeclampsia in pregnant women with SLE (OR 0.106; 95% CI 0.017–0.671) (Seo et al., 2019).

Table 2. Baseline Characteristics of Included Studies

	Author, year 
	Type of study
	Country
	Date
	Patients
	Sample
	Age (average)
	Conclusions

	Skorpen et al., 2017
	Coorte (Longitudinal Observational)
	Norway
	2006 – 2015
	Pregnant women with LES
	180 pregnancies
	31,5
	The risk of preeclampsia is higher in active disease compared to inactive disease (5.33 vs. 3.38). There was a substantially higher probability of PE with the use of prednisolone (OR = 2.33).



	Bremme et al., 2021
	Observational Retrospective Single-center
	Sweden
	2000 - 2017
	Pregnant women with LES
	103 pregnancies (35 women with previous or active NL vs 68 with non-renal SLE)
	31.6 (30.8 with NL and 32 without NL)
	Patients with lupus nephritis (either previous or active) had a significantly higher risk of preeclampsia compared to women with SLE without renal involvement (25.7% vs. 2.9%, p = 0.001).



	Maeda et al., 2020
	Single-Centered Retrospective
	Japan
	2002 - 2017
	Pregnant women with LES
	76 (48 nulliparous vs 28 multiparous)
	33.5 (nulliparous) and 34.1 (multiparous)
	PE occurred in 22.9% (11/48) of nulliparous women and in 3.6% (1/28) of multiparous women. Multiparity was significantly associated with a lower risk of preeclampsia (OR: 0.08; 95% CI: 0.01–0.95).



	Jiang et al., 2020
	Randomized Observational Retrospective
	China
	2010 - 2018
	Pregnant women with LES
	513 pregnancies
	29,7
	It was observed that mean arterial pressure (MAP) ≥ 96.5 mmHg (OR 213.15, 95% CI 24.39–999.99), pregestational hypertension (OR 18.19, 95% CI 2.67–125.01), a hematologic disorder (OR 4.13, 95% CI 1.03–16.67), positive aCL IgM (OR 19.85, 95% CI 1.11–333.33), serum albumin < 31.5 g/L (OR 9.88, 95% CI 2.07–47.62), serum uric acid ≥ 303 μmol/L (OR 5.58, 95% CI 1.40–22.22), and 24-hour proteinuria ≥ 0.286 g (OR 14.39, 95% CI 2.43–83.33) were considered risk predictors for PE. These factors were included in a prediction model, indicating a high risk of PE.



	Saavedra et al., 2020
	Prospective Cohort
	Mexico
	2009 - 2018
	Pregnant women with LES
	316 pregnancies (46 complicated with PE and 270 without PE)
	28 (without EP) and 29 (with EP)
	Multivariate analysis showed that disease activity before (relative risk [RR] 2.7, 95% CI 1.04–7.4) and during pregnancy (RR 3.0, 95% CI 1.0–9.1) was associated with the development of preeclampsia. The use of antimalarial drugs during pregnancy was associated with a lower risk of preeclampsia (RR 0.21, 95% CI 0.08–0.53).



	MR Seo, et al., 2019
	Retrospective Cohort
	South Korea
	1995 - 2018
	Pregnant women with LES
	151 LES pregnancies 
(80 under HCQ treatment and 
71 without 
HCQ treatment)
	32.8 (with HCQ) and 31.8 (without HCQ)
	The incidence of preeclampsia was significantly lower in the HCQ treatment group compared to the non-HCQ group (7.5% vs. 19.7%, p = 0.032). In logistic regression analysis, after adjusting for variables, HCQ treatment was associated with an 89.4% lower risk of PE (OR 0.106, 95% CI 0.017–0.671). Other independent risk factors for PE included high BMI (OR 1.575, 95% CI 1.114–2.227) and low eGFR levels (OR 0.931, 95% CI 0.886–0.979).



	Chen et al., 2021
	Retrospective Study
	China
	2011 - 2018
	Pregnant women with LES
	85 patients
	27,4
	In univariate logistic regression analysis, it was found that gestational age at disease onset, high SLEDAI score, hypertension, renal involvement, and positive aCL and anti-B2GPI increased the risk of preeclampsia and eclampsia.
Multivariate regression analysis showed that hypertension (OR 19.185, 95% CI 3.921–93.868) and renal involvement (OR 8.380, 95% CI 1.944–74.376) were independent risk factors for preeclampsia and eclampsia.


	Reis et al., 2019
	Retrospective Cohort
	Portugal
	1994 - 2016
	Pregnant women with LES
	157 pregnancies
	29,6
	In pregnancies complicated by preeclampsia, women tend to be younger (25.3 vs. 29.9 years, p < 0.01) and more frequently nulliparous (81.8% vs. 59.6%, p < 0.20). These women also show a higher prevalence of lupus nephritis (81.8% vs. 27.3%, p < 0.01).
After adjusting for maternal age, nulliparity, and chronic hypertension in a logistic regression model, the positive association between lupus nephritis and preeclampsia remained significant, with an OR of 29.78 (95% CI 3.84–281.11, p < 0.01).


	Meccaci et al., 2017
	Retrospective Cohort
	Italy
	2007 - 2015
	Pregnant women with LES
	86 pregnancies (27 with 
previous NL 
and 59 without NL)
	32,1 vs. 34,1
	The presence of proteinuria was associated with a 2.45-fold higher risk of preeclampsia, while serum creatinine >1.2 mg/dL was linked to a 1.25-fold higher risk compared to patients with serum creatinine <1.2 mg/dL. A six-month period of inactive disease was associated with better outcomes.
An estimated glomerular filtration rate (eGFR) <90 mL/min/1.73 m² resulted in an 18.73-fold higher risk of preeclampsia (OR 18.73, 95% CI 4.35–80.7).




Table 3.  Prevalence of risk factors in studies

	Risk factors
	Proportion of studies

	Active SLE 
	0,33% (3/9)

	Age
	0,22% (2/9)

	Parity
	0,22% (2/9)

	BMI
	0,11% (1/9)

	Renal disease
	0,33% (3/9)

	Hypertension
	0,22% (2/9)

	Hematologic disorders 
	0,11% (1/9)

	Serum albumin < 31,5 g/L
	0,11% (1/9)

	Serum uric acid > 303 μmol/L
	0,11% (1/9)

	24-hour proteinuria 
	0,22% (2/9)

	Estimated glomerular filtration rate (eGFR)
	0,22% (2/9)

	Serum creatinine 
	0,11% (1/9)

	Anticardiolipin antibody
	0,11% (1/9)

	Use of prednisolone
	0,11% (1/9)

	Use of antimalarial drugs
	0,22% (2/9)





3.7 Risk of bias

Using the ROBINS-I tool, we systematically assessed the risk of bias in all included studies. Of the nine studies evaluated, seven were classified as having "some concerns" due to potential issues in the randomization process and missing outcome data, though they predominantly presented a low risk of bias across various domains. These studies exhibited low bias in areas such as participant selection, intervention classification, deviations from intended interventions, and selection of reported outcomes. This suggests a well-controlled methodology with a lower likelihood of significant bias.	
One study was considered to have a "low risk" of bias, indicating a robust methodology and reliable results. The remaining study was classified as having a "high risk" of bias, primarily due to issues in Domain 1 (confounding bias). Additionally, the overall risk for this study was deemed serious. This serious risk suggests that methodological issues could significantly affect the results and interpretation of this study, making it less reliable compared to the others. These classifications were essential in determining the weight and credibility of the synthesized evidence in this review, ensuring that our conclusions are based on high-quality and rigorously assessed research.
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Fig. 2. Risk of bias


4. DISCUSSION

This study evaluated factors associated with the development of preeclampsia (PE) in pregnant women with systemic lupus erythematosus (SLE). The obstetric outcomes of women with SLE have improved over the past decades, primarily due to advancements in treatment and more adequate pregestational counseling (Lazzaroni et al., 2016). However, pregnancies in women with SLE still present higher risks of obstetric and fetal complications compared to pregnancies in women without the disease. For instance, PE occurs in approximately 5% of pregnancies in women without SLE, whereas the risk increases to 26% in women diagnosed with SLE within 0–2 years postpartum, 13% in those diagnosed within 2–5 years, and 16% in women with prevalent SLE (Arkema et al., 2016).  
Systemic lupus erythematosus is a chronic autoimmune disease that can affect multiple organ systems, and pregnant women with SLE are at a higher risk of adverse obstetric outcomes compared to those without the disease. The status of SLE—whether the disease remains stable or is active—is closely linked to maternal and neonatal outcomes, as disease activity is associated with various obstetric complications, including PE, primarily due to its potential to cause systemic inflammation and endothelial dysfunction (Li et al., 2022).  
The results demonstrated a significant association between lupus activity and the risk of PE, with an estimated threefold increase in risk for women with active lupus compared to those with inactive disease. These findings align with the literature, which also reports a high prevalence of PE in pregnant women with active lupus (Miranda-Hernandez et al., 2020). Therefore, it is crucial for women with active lupus to be closely monitored during pregnancy to prevent disease exacerbations and to promptly manage potential complications. However, the use of different scoring systems to quantify lupus activity, such as the Lupus Activity Index in Pregnancy (LAI-P) or the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI), may impact result consistency and comparability.  
Increased body mass index (BMI) is associated with a higher risk of PE, as it contributes to increased systemic inflammation and oxidative stress, in addition to being linked to maternal hyperinsulinemia. Obesity leads to elevated leptin and insulin levels, which contribute to defective placental implantation, resulting in endothelial dysfunction and a predisposition to hypertensive disorders such as PE (Wang et al., 2024). In this study, a high BMI was identified as an independent risk factor for PE, supporting findings from another study that also reported a significant association between elevated BMI and the occurrence of maternal complications, including PE (Normand et al., 2019).  
Pregnancy in women over 35 years of age is associated with an increased risk of obstetric complications, both due to ovarian aging and the higher prevalence of pre-existing chronic diseases (Alves et al., 2018). It has been reported that the risk of PE increases by approximately 4% for each additional year of maternal age beyond 32 years (Poon et al., 2019). However, in pregnancies complicated by PE in women with SLE, affected individuals tend to be younger, contradicting findings from studies that indicate an increased risk of PE with advancing maternal age (Ferreira et al., 2019). This discrepancy may be explained by the heterogeneity of maternal ages in different studies. For example, in this review, the mean maternal age was 25.3 years in pregnancies complicated by PE and 29.9 years in those without PE. In contrast, other studies have reported mean maternal ages ranging from 35 to 40 years, demonstrating an increased prevalence of complications in older age groups.
Parity is also a relevant factor for the occurrence of complications, as multiparity has been significantly associated with a lower risk of preeclampsia. In contrast, nulliparous women have an increased risk of PE, as described in the literature, with one study demonstrating an almost threefold higher risk of preeclampsia in primigravidae (Grum et al., 2017). The reason why the first pregnancy predisposes to the development of PE is not yet fully elucidated, but one hypothesis suggests that the absence of maternal tolerance to paternal antigens may play a role in the pathogenesis of the disease (Febrasgo, 2019).
Another important consideration is the comorbidities present in these women, such as renal disease, hypertension, and hematologic disorders. In lupus nephritis, there is a reduction in regulatory T cells (Tregs), which play a crucial role in the development and maintenance of immune tolerance by suppressing an aggressive allogeneic response against the fetus. This process contributes to the development of complications such as preeclampsia (Gluhovschi et al., 2015). The results revealed that women with a prior history of lupus nephritis or active LN had a higher risk of developing preeclampsia compared to those with non-renal lupus. This finding aligns with the literature, which demonstrates a significant association between a previous diagnosis of lupus nephritis and the development of preeclampsia (Braga et al., 2021).
Furthermore, chronic arterial hypertension represents a significantly increased risk for the onset of PE, being approximately five times higher compared to women without this condition (Bartsch et al., 2016). The results confirmed this association in pregnant women with SLE, showing that those with preexisting hypertension and a mean arterial pressure (MAP) greater than or equal to 96.5 mmHg had an increased risk of pregnancy complicated by preeclampsia.
Hematologic disorders were also identified as independent risk factors for the development of preeclampsia in pregnant women with SLE. A similar finding was reported in a study demonstrating that the presence of cytopenias increased the risk of obstetric complications in women with lupus by approximately threefold (Tedeschi et al., 2016). Platelet reduction impairs the ability to repair or form clots in response to endothelial injuries (Robbins et al., 2015), contributing to endothelial dysfunction or increased vulnerability to damage. This, in turn, leads to a dysfunctional placenta, a fundamental factor in the pathogenesis of preeclampsia.
Beyond comorbidities, the presence of clinical biomarkers such as proteinuria can also be a relevant risk indicator. Proteinuria, along with changes in glomerular filtration rate (GFR) and serum creatinine levels, reflects potential glomerular dysfunction that can lead to renal function deterioration and be associated with the pathogenesis and prognosis of preeclampsia (Facca et al., 2012). The results demonstrated that the presence of proteinuria, elevated serum creatinine and uric acid levels, decreased serum albumin levels, and a low estimated GFR were classified as independent risk factors for the development of PE. These findings are consistent with the literature, which identifies proteinuria as a risk factor for obstetric complications, including PE (Kim et al., 2020; Vicoveanu et al., 2022).
Another finding was the increased risk of preeclampsia in women with positive anticardiolipin antibody (aCL), in line with studies reporting anticardiolipin and lupus anticoagulant positivity as predictors of PE (Ong and Ding, 2021). Antiphospholipid antibodies, including anticardiolipin, lupus anticoagulant, and anti-beta2-glycoprotein I (anti-B2GPI), are present in one-quarter to half of SLE patients and significantly increase the risk of adverse obstetric outcomes (Lateef and Petri, 2017). These autoantibodies bind to platelets and endothelial cells, inducing a procoagulant state by activating them, as well as stimulating the complement system, leading to the recruitment of inflammatory cells, endothelial injury, and thrombosis (Mayor et al., 2016).  
Regarding pharmacological therapy, the antimalarial drug hydroxychloroquine (HCQ) is used in the treatment of SLE, both for managing cutaneous and musculoskeletal lesions and for preventing relapses and cardiovascular disease. According to the 2020 guidelines of the American College of Rheumatology (ACR), all women with lupus are recommended to use HCQ during pregnancy, and if they were not taking it before conception, they should initiate treatment as soon as possible (ACOG, 2020). The results demonstrated that the use of antimalarial drugs was associated with a lower risk of developing preeclampsia, a finding consistent with studies showing a reduction in PE incidence in pregnant women with SLE treated with hydroxychloroquine (Braga et al., 2021; Duan et al., 2021).  
The literature also demonstrates an association between the development of preeclampsia and treatment with prednisolone (Braga et al., 2021), a finding corroborated by the results, which indicated an approximately twofold increase in PE risk with corticosteroid use. Glucocorticoids, such as prednisolone, can interfere with placental angiogenesis by altering the expression of certain factors, resulting in improper endothelial cell formation and migration (Ozmen et al., 2017). This may lead to a less efficient and possibly dysfunctional placenta, contributing to the development of preeclampsia. However, it is important to note that prednisolone is generally prescribed to treat lupus exacerbations in more severe cases, which may contribute to a higher risk of complications.  
This review aimed to synthesize the risk factors associated with the development of preeclampsia in pregnant women with Systemic Lupus Erythematosus and to expand the understanding of the topic, although some limitations were identified.  
First, there was a high degree of heterogeneity among the patients in the included studies, with geographical variability due to the participation of multiple countries. Additionally, the limited number of studies that met the inclusion criteria may have influenced the results obtained. Finally, another important limitation is the risk of bias in some of the included studies, particularly due to issues with randomization and missing data. Seven studies were rated as having "some concerns," and one was classified as having a "high risk" of bias due to confounding, which may compromise the reliability and accuracy of the review's conclusions. This heterogeneity in the risk of bias reduces the overall credibility of the synthesized evidence, requiring caution in the interpretation of results.  
Despite these limitations, the review process was conducted rigorously to ensure study quality, excluding articles that addressed multiple complications and focusing solely on the occurrence of preeclampsia. Furthermore, study selection, data extraction, and methodological quality assessment were performed independently by more than one author, reducing the risk of bias that could occur if these steps were conducted by a single individual.

5. Conclusion

Based on the studies included in this review, we identified that certain factors associated with women with Systemic Lupus Erythematosus (SLE) have a significant impact on their obstetric outcomes, increasing the risk of developing preeclampsia. Patient characteristics such as elevated BMI, age, and multiparity, as well as active SLE, comorbidities (renal disease, hypertension, hematologic disorders), biochemical alterations (decreased albumin and estimated glomerular filtration rate, increased uric acid, creatinine, and proteinuria), anticardiolipin antibody positivity, and the use of prednisolone were identified as independent risk factors for the development of PE. Additionally, the use of hydroxychloroquine was observed as a protective factor.  
Early identification of these factors during preconception evaluation or prenatal care in women with SLE may enable a more targeted follow-up throughout pregnancy, allowing for the implementation of preventive measures and specific care strategies for these patients.
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