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Abstract


Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder with significant racial and ethnic disparities in prevalence, disease severity, and outcomes. Cardiovascular complications, including pericarditis, myocarditis, valvular disease, and conduction abnormalities, contribute to increased morbidity and mortality in SLE patients. This study examines racial and ethnic disparities in cardiovascular outcomes among hospitalized SLE patients in the United States. Methods: This retrospective study utilized the National Inpatient Sample (NIS) database from 2016 to 2021 to analyze hospitalizations of adult patients (≥18 years) with a primary or secondary diagnosis of SLE. Patients were stratified into racial/ethnic groups: White, Black, Hispanic, Asian, Native American, and Other. Primary outcomes include major adverse cardiovascular events (MACEs), which are a composite of in-hospital mortality, myocardial infarction (MI), sudden cardiac death, and other SLE-related outcomes including cardiac, pulmonary, and renal involvement. Statistical analyses included multivariable logistic regression models adjusted for demographic, socioeconomic, and hospital-related factors to assess racial disparities. Results: The study included 514,750 White, 321,395 Black, and 146,600 Hispanic patients, with smaller proportions of Asian, Native American, and Other racial groups. Black patients had significantly higher odds of in-hospital mortality (OR = 1.17, 95% CI = 1.08–1.26, p < 0.001) and sudden cardiac death (OR = 1.64, 95% CI = 1.46–1.85, p < 0.001) compared to White patients. Asian patients also exhibited increased mortality risk (OR = 1.37, 95% CI = 1.14–1.63, p = 0.001) as compared to Whites. Conversely, Black (OR = 0.90, 95% CI = 0.85–0.96, p = 0.01) and Hispanic (OR = 0.87, 95% CI = 0.80–0.96, p = 0.03) patients had lower odds of MI. Racial disparities in access to care, socioeconomic status, and comorbidity burden may contribute to these differences. Conclusion: Significant racial and ethnic disparities exist in cardiovascular outcomes among hospitalized SLE patients. Black and Asian individuals face higher in-hospital all-causes mortality and sudden cardiac death risks, while Black and Hispanic patients exhibit lower MI rates. Addressing social determinants of health, improving access to specialized care, and implementing targeted interventions may reduce disparities and improve outcomes in minority populations with SLE.
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1. Introduction


Systemic lupus erythematosus (SLE) is an autoimmune disorder where the immune system mistakenly attacks healthy tissues, affecting various organs such as the skin, joints, kidneys, and brain. While the exact cause is unknown, SLE is thought to result from a combination of genetic and environmental factors. It primarily affects women, especially those aged 15 to 44, and is more common in African Americans, Asians, Hispanic Americans, and African Caribbeans [1,2]. The California Lupus Surveillance Project (CLSP) found that, between 2007 and 2009, the age-standardized incidence and prevalence of SLE were higher among Black (15.5 per 100,000 person-years; 241.0 per 100,000 persons), Asian/Pacific Islander (API) (4.1 per 100,000 person-years; 90.5 per 100,000 persons), and Hispanic populations (4.2 per 100,000 person-years; 94.7 per 100,000 persons) compared to White populations (2.8 per 100,000 person-years; 55.2 per 100,000 persons) in San Francisco County. Also, previous studies indicate that, compared to Whites, Black individuals tend to experience more severe symptoms at the time of SLE diagnosis and generally have a poorer overall prognosis [3]. Although there is no universally agreed-upon set of diagnostic criteria for SLE, the 2019 classification criteria developed by the European Alliance of Associations for Rheumatology (EULAR) and the American College of Rheumatology (ACR) for research purposes help in improving the sensitivity and specificity for diagnosing SLE. These criteria include clinical signs such as fever, rash, proteinuria, arthritis, and cytopenia, as well as immunologic indicators like SLE-specific autoantibodies and low complement levels. Previous cohort studies suggest that lupus nephritis (LN) affects between 20% and 65% of individuals with SLE [4,5].



SLE commonly involves the cardiovascular system. SLE can affect all parts of the heart. Pericarditis, myocarditis, valve disorders, and conduction system issues are among the most frequent cardiac complications in patients with SLE. The pericardium is particularly commonly affected, with some postmortem studies showing a prevalence of approximately 62% [6]. A study from Wang and colleagues, which involved 258 patients (90.3% female), found that 35.7% had cardio-respiratory symptoms, with dyspnea (24.0%) and chest pain (20.5%) being the most common. Cardiac manifestations were present in 37.6% of patients, including pericardial disease (14.7%), valvular disease (7.8%), stroke/TIA (7.8%), coronary heart disease (6.6%), and heart failure hospitalizations (5.0%). Over a mean follow-up of 3 years, there were 5 deaths, 19 cardiac events, 6 cardiovascular procedures, and 44 SLE-related hospitalizations [7]. Advances in technology, particularly echocardiography, have improved the diagnosis of these conditions. Additionally, antiphospholipid antibodies have been linked to valvular disease [8].



Since previous studies indicate racial minorities have higher incidence and prevalence of SLE, and also have more severe disease, this article will delve into the cardiovascular outcomes and related disparities for different racial/ethnic groups. Some studies suggest prognosis for African American patients with lupus is considerably poorer than that of White patients [9]. Garg and colleagues suggest Black patients had a 19-times higher risk in the first 12 years following a lupus diagnosis compared to non-Black patients. Studies suggest cardiovascular disease (CVD) events were most frequent in the second and eleventh years after a lupus diagnosis. Among new cases, White patients did not experience mortality until five years post-diagnosis, while Black patients exhibited consistently higher mortality rates from the time of diagnosis [9,10,11]. Social determinants of health could be playing a role in creating racial and ethnic disparities in lupus outcomes, influencing factors such as access to healthcare, education, economic stability, and more [9].




2. Methods


2.1. Study Design and Data Source


This retrospective study utilized data from the National Inpatient Sample (NIS) database, spanning the years 2016 to 2021. The NIS, a publicly available resource provided by the Healthcare Cost and Utilization Project (HCUP) under the Agency for Healthcare Research and Quality (AHRQ), is the largest publicly available all-payer inpatient healthcare database in the United States. It includes discharge data from approximately 20% of inpatient hospitalizations across community hospitals, excluding rehabilitation and long-term acute care facilities [12]. This dataset enables the generation of national estimates for various variables, including healthcare utilization, costs, demographic profiles, and patient outcomes.




2.2. Study Population and Variables


Hospitalized patients diagnosed with SLE were identified using the International Classification of Diseases, 10th Revision (ICD-10) codes. Patients aged 18 years or older with a primary or secondary diagnosis of SLE during their hospital stay were included in the study. Patients with missing data on race were excluded from the analysis.



The patient population was stratified into the following racial groups: White, Black, Hispanic, Asian, Native American, and Other, as defined by the NIS database. Demographic variables included age, sex, insurance type, and median household income quartiles. Hospital characteristics such as bed size (small, medium, or large), location and teaching status (rural, urban non-teaching, or urban teaching), and region were also included. Comorbidities associated with SLE and its complications were identified using ICD-10 codes.




2.3. Outcomes


Key outcomes of interest included length of stay (LOS), total healthcare charges, and in-hospital all-cause mortality. Specific organ-related SLE complications, myocardial infarction (MI), and sudden cardiac death were assessed using ICD-10 codes. Mortality data were extracted using the NIS variable “died,” which denotes in-hospital deaths. Racial disparities in outcomes were evaluated by comparing each racial group with Whites as the reference population. MACEs in our study include myocardial infarction, died during hospitalization, sudden cardiac death, atrial fibrillation, and intracranial hemorrhage.




2.4. Statistical Analyses


Descriptive statistics were used to summarize baseline characteristics, including demographics, hospital characteristics, comorbidities, and outcomes, stratified by race. Continuous variables, such as LOS and total healthcare charges, were analyzed using ANOVA, while categorical variables, including mortality and complications, were analyzed using the chi-square test. Statistical significance was set at a two-tailed p-value < 0.05.



Multivariate logistic regression models were employed to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for in-hospital mortality, myocardial infarction, sudden cardiac death, and organ-specific SLE complications. Whites were used as the reference group in these models. To account for potential confounding factors influencing cardiovascular outcomes, multivariate logistic regression models were constructed. Variables included for adjustment were selected a priori based on clinical relevance and established associations in prior studies. Specifically, all comorbidities listed in Table 1—including hypertension, diabetes mellitus, chronic kidney disease, chronic obstructive pulmonary disease, and others—were included as covariates. In addition, the Charlson Comorbidity Index (CCI) was incorporated as a composite measure of overall disease burden. Age, sex, and race/ethnicity were also included in all models. A uniform set of covariates was applied across analyses to ensure consistency and minimize omitted variable bias. Weighted sampling techniques inherent to the NIS dataset were applied to ensure national representativeness and accuracy of the results.



Rationale for Covariate Selection: The selection of covariates for multivariable logistic regression models was guided by both clinical relevance and the prior literature. Age and sex were included as fundamental demographic factors known to influence both SLE incidence and cardiovascular risk [2,3]. Key comorbidities such as hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease (CKD), and chronic obstructive pulmonary disease (COPD) were selected due to their established associations with adverse cardiovascular outcomes, particularly in SLE populations [13,14]. CKD and hypertension are notably prevalent in minority populations and exacerbate SLE disease severity. Smoking and liver disease were included for their contributions to systemic inflammation and immune dysregulation. The Charlson Comorbidity Index (CCI), a validated tool for summarizing overall disease burden, was incorporated to adjust for multiple comorbidities [15]. Finally, hospital-related characteristics were included to control for potential disparities in healthcare delivery. This selection of variables was intended to enhance model robustness and minimize residual confounding.




2.5. Ethical Considerations


The study did not require Institutional Review Board (IRB) approval or informed consent because it utilized a publicly available, de-identified dataset. The primary aim of the study is to investigate racial disparities in healthcare outcomes for hospitalized patients with SLE to inform healthcare policy and promote equitable resource allocation.





3. Results


3.1. Demographic and Socioeconomic Characteristics


White patients represented the largest proportion of the cohort (514,750), followed by Black (321,395) and Hispanic (146,600) patients, with Asian, Native American, and Other racial groups comprising smaller subsets. The gender distribution showed higher proportions of females across all groups, ranging from 86.48% (Asian) to 89.31% (Black) (Refer Figure 1). The mean age varied significantly, with White patients having the highest mean age (58 years), while Hispanic and Black patients were the youngest on average (45–47 years).



Socioeconomic factors also exhibited stark differences. A higher percentage of Black (50.14%) and Native American (47.48%) patients fell into the lowest quartile of median household income compared to White patients (25.57%). Conversely, Asian patients were more likely to belong to the highest income quartile (41.67%), reflecting socioeconomic disparities that may influence healthcare access and outcomes.




3.2. Hospital and Regional Characteristics (Figure 2)


Hospital teaching status and size showed significant variation across racial groups. Most patients (70–83%) were treated in urban teaching hospitals, with this proportion being highest for Asian (83.06%) and Hispanic (80.57%) patients. Rural hospitals accounted for a small percentage of hospitalizations overall, though Native American patients disproportionately utilized these facilities (16.39%).



Regional differences were also notable. A larger proportion of Black (53.5%) and Hispanic (37.05%) patients were treated in the South, whereas Asian patients were more likely to receive care in the West (53.71%).
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Figure 2. Regional distribution of races in SLE patients. 
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3.3. Comorbidities (Figure 3)


The prevalence of chronic conditions varied significantly across racial and ethnic groups. Dyslipidemia, hypertension, and diabetes were most common among White and Black patients, with hypertension particularly high among Black patients (74.61%). Chronic kidney disease was also strikingly more prevalent in Black patients (40.52%) compared to White patients (21.99%).



Some conditions exhibited unique racial patterns. Obesity was most prevalent among Black patients (21.07%), while inflammatory conditions were more common among Native Americans (25.44%). Asian patients had lower rates of smoking (5.19%) but a relatively high prevalence of dyslipidemia (26.23%).
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Figure 3. Prevalence of comorbidities in patients with SLE. HTN—hypertension, COPD—chronic obstructive pulmonary disease. (* specifies p values < 0.01). 
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3.4. Clinical Outcomes


3.4.1. Overall Mortality and Cardiovascular Outcomes (Figure 4)


Compared to White patients, Black individuals exhibited significantly higher adjusted odds of in-hospital mortality (AOR = 1.17, 95% CI = 1.08–1.26, p < 0.001), as did Asian patients (AOR = 1.37, 95% CI = 1.14–1.63, p = 0.001). By contrast, Hispanic (AOR = 1.04, 95% CI = 0.95–1.15, p = 0.398), Native American (AOR = 1.19, 95% CI = 0.87–1.64, p = 0.281), and Other race/ethnicity (AOR = 1.20, 95% CI = 1.00–1.45, p = 0.051) showed no statistically significant difference in mortality risk relative to White. For myocardial infarction (MI), Black (AOR = 0.90, 95% CI = 0.85–0.96, p = 0.01) and Hispanic (AOR = 0.87, 95% CI = 0.80–0.96, p = 0.03) patients had lower odds compared to White, while Asian, Native, and Other groups did not differ significantly. However, the odds of experiencing a sudden cardiac event were notably higher in Black (AOR = 1.64, 95% CI = 1.46–1.85, p < 0.001) and Asian (AOR = 1.50, 95% CI = 1.11–2.01, p = 0.008) patients, but not significantly elevated for Hispanic, Native, or Other groups. Atrial fibrillation (A. Fib) was uniformly less frequent among non-White populations, including Black (AOR = 0.78, 95% CI = 0.75–0.81, p < 0.001), Hispanic (AOR = 0.64, 95% CI = 0.60–0.68, p < 0.001), Asian (AOR = 0.86, 95% CI = 0.76 – 0.98, p = 0.018), Native (AOR = 0.73, 95% CI = 0.59–0.91, p = 0.005), and Other (AOR = 0.85, 95% CI = 0.76–0.95, p = 0.004) groups. Coronary stenosis was significantly lower in Black (AOR = 0.58, 95% CI = 0.51–0.66, p < 0.001), Hispanic (AOR = 0.60, 95% CI = 0.51–0.72, p < 0.001), and Asian (AOR = 0.55, 95% CI = 0.35–0.79, p = 0.002) patients compared to White, with Native (p = 0.086) and Other (p = 0.083) showing no significant difference. Intracranial hemorrhage incidence was only higher among Asian patients (AOR = 1.80, 95% CI = 1.36–2.37, p < 0.001) and did not differ significantly for Black, Hispanic, Native, or Other groups relative to White.
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Figure 4. Prevalence of MACEs in patients of different racial groups with SLE in the United States from the NIS database from 2016 to 2021. (* specifies p values < 0.01). 
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3.4.2. SLE-Specific Cardiac, Pulmonary, and Renal Manifestations


Regarding SLE-related cardiac involvement, any lupus-related endocarditis (including Libman–Sacks endocarditis) was significantly less likely among Black patients (AOR = 0.61, 95% CI = 0.47–0.78, p < 0.001), while no significant differences emerged for Hispanic, Asian, Native, or Other. In contrast, SLE pericarditis was more common across every non-White group, including Black (AOR = 2.04, 95% CI = 1.78–2.34, p < 0.001), Hispanic (AOR = 1.63, 95% CI = 1.38–1.93, p < 0.001), Asian (AOR = 2.11, 95% CI = 1.61–2.75, p < 0.001), Native (AOR = 1.74, 95% CI = 1.00–3.04, p = 0.049), and Other (AOR = 1.48, 95% CI = 1.06–2.07, p = 0.022). Pulmonary involvement (“SLE Lung”, which includes pulmonary manifestations of lupus such as lupus pneumonitis, interstitial lung disease, or other lung-related complications) was significantly higher for all non-White groups, with increased odds ranging from 1.76 in Hispanics (95% CI = 1.56–1.98, p < 0.001) to 2.06 in Asians (95% CI = 1.68–2.53, p < 0.001). Similarly, Black patients had an AOR of 1.93 (95% CI = 1.76–2.13, p < 0.001), Native patients 2.03 (95% CI = 1.35–3.04, p = 0.001), and Other 1.79 (95% CI = 1.45–2.22, p < 0.001), all of which were significantly elevated compared to White. For SLE nephropathy, both Black (AOR = 1.46, 95% CI = 1.04–2.06, p = 0.03) and Hispanic (AOR = 1.65, 95% CI = 1.10–2.49, p = 0.016) patients exhibited higher odds than White, whereas Asian (p = 0.057) and Other (p = 0.061) approached but did not achieve statistical significance. (for more details refer Table 2.)




3.4.3. Healthcare Utilization: Length of Stay and Total Charges


Black (coefficient = 0.30, 95% CI = 0.22–0.38, p < 0.001), Asian (0.76, 95% CI = 0.52–1.01, p < 0.001), and Other (0.57, 95% CI = 0.33–0.82, p < 0.001) patients had significantly longer hospital stays compared with White patients, whereas Hispanic (0.016, p = 0.742) and Native (0.26, p = 0.337) groups did not show a statistically meaningful difference. With respect to total health charges, Hispanic (USD + 15,679.93, 95% CI = 13,771.27–17,588.60, p < 0.001), Asian (USD + 24,054.45, 95% CI = 19,049.44–29,059.46, p < 0.001), and Other (USD + 20,149.16, 95% CI = 15,458.31–24,840.01, p < 0.001) patients incurred significantly higher hospital charges relative to White. Black (p = 0.147) and Native (p = 0.666) individuals did not have total charges that differed significantly from White.






4. Discussion


This study provides critical insights into the pervasive racial disparities in SLE-related hospital outcomes in the United States, using data from a nationally representative sample. The findings demonstrate significant differences in patient demographics, socioeconomic status, comorbidities, and hospital outcomes, highlighting the disproportionate burden of disease borne by Black and Hispanic patients. Black patients, in particular, faced elevated risks of SLE-specific complications and in-hospital mortality, emphasizing the need for targeted interventions to address systemic inequities. These results corroborate previous research and expand upon existing knowledge by offering a comprehensive analysis of how race and ethnicity intersect with healthcare disparities in SLE management.



Black patients were notably the youngest at the time of admission, with a mean age of 47.16 years, compared to 58.03 years for White patients. This disparity aligns with previous studies conducted by Lim et al. and Demas et al., indicating an earlier onset and more severe disease course of SLE among Black populations [16,17]. Younger age at hospitalization could be a marker of both increased disease activity and delayed outpatient management, suggesting disparities in early diagnosis and access to care.



A significant proportion of Black (50.1%) and Hispanic (37.0%) patients resided in the lowest income quartile, underscoring the role of socioeconomic status in healthcare disparities. As per Mccarty et al., lower income is closely associated with delayed access to medical care, reduced medication adherence, and inadequate disease monitoring [18]. Additionally, these groups were more likely to receive care at urban teaching hospitals, which, while offering specialized services, may indicate limited access to local healthcare facilities or outpatient care in underserved areas. Addressing these disparities requires systemic interventions to bridge the gap in healthcare access and affordability.



Studies have shown that Black and Hispanic patients face significant financial and access to healthcare challenges, which may contribute to their higher rates of comorbid conditions like chronic kidney disease (CKD) and hypertension, which exacerbate SLE [19,20]. These comorbidities, along with severe Charlson comorbidity scores seen among the Black population (60.8%), highlight the compounded burden these populations face. These findings align with a study conducted by Somers et al., suggesting that genetic predispositions, environmental factors, and inequities in preventive care contribute to higher rates of comorbidities in minority populations [21].



Studies have shown that higher mortality risks have been seen in Black patients and Asian patients as a result of lower socioeconomic status and a higher comorbidities ratio. Black patients exhibited a 17% higher risk of in-hospital mortality compared to White patients, while Asian patients faced an even greater relative risk (OR 1.37, p < 0.001). As per Singh et al. and Hasan et al., these disparities may reflect a combination of delayed presentations, greater disease severity at admission, and potential biases in healthcare delivery [15,22]. Conversely, Hispanic and Native American patients did not exhibit significant differences in mortality risk, though this may be influenced by the sample size and disease variability. Addressing mortality disparities requires both system-level interventions and individualized care plans.



Asian patients had the highest average length of stay (6.2 days) and incurred the highest total healthcare charges (USD 93,302). These outcomes may be related to differences in disease presentation, healthcare utilization patterns, or socioeconomic factors. Previous research by Julian et al. suggests that higher charges and longer stays often correlate with delays in receiving timely outpatient care, leading to more severe disease at admission [23].



CVD remains a major contributor to illness and death among individuals with SLE. Recent findings indicate that ischemic heart disease is the most common cause of mortality in this population, accounting for 36% of all deaths [24]. SLE is an independent risk factor for myocardial infarction, after controlling for other known CVD risks [14]. Since SLE tends to be particularly severe in certain ethnic groups, including African Americans, and inflammation plays a central role in the pathogenesis of CVD [13], as suggested in articles by Libby et al. and Scalzi et al., it is reasonable to hypothesize that the epidemiology of CVD and CVD-related mortality may differ in these racial groups. Scalzi et al. have shown that African Americans typically experience a younger age of onset for SLE compared to Caucasians, potentially leading to prolonged inflammation and disease duration, which may contribute to earlier onset of CVD or CVD-related mortality compared to age-matched non-SLE individuals and Caucasian SLE patients [25].



While research has established that SLE independently increases the risk of developing AF, the precise mechanisms underlying this association remain unclear. Mittal et al. have discussed the association of chronic inflammation with SLE, which may contribute to structural and electrical cardiovascular changes, increasing the risk of AF. Elevated inflammatory markers, such as CRP, TNF-α, IL-6, and IL-8, have been linked to AF development. Prior studies have suggested that certain treatments for SLE, including glucocorticoids such as methylprednisolone, may elevate AF risk, possibly due to steroid-induced alterations in cardiac ion channels and reduced refractory periods; however, information on steroid use was not available in our study cohort [26].



Lupus pericarditis is believed to be mediated by immune complexes and vascular proliferation is observed in histology in patients with acute lupus pericarditis [27]. Pericarditis was found to be one of the SLE comorbidities that showed the strongest association with non-White race [20]. Studies have also shown that African Americans tend to develop pericarditis at an earlier age and also tend to have greater disease severity as compared to their White counterparts [11]. As per Vina et al., potential factors have been postulated for this disparity including perceived racism in medical settings, which may contribute to worse health outcomes, and lower trust in physicians among African Americans that could have impacted the care and management of these complications [28]. Meanwhile, other studies have suggested healthcare disparities, including unequal access to specialty care, as a cause [27,28].



Lung involvement in SLE appears to be driven by several factors including the following: elevated systemic type 1 interferon (IFN) levels, circulating immune complexes, and neutrophils 9 [29]. Patients with SLE lung involvement have increased levels of proinflammatory cytokines like IFN-γ, TNF-α, IL-6, and IL-8 compared to those without lung involvement [29]. Cellular inflammation, particularly early in disease, correlates with pathological findings [29]. Neutrophil extracellular traps (NETs) play a role in lung inflammation and damage through NETosis. The interaction between initiating factors (IFNs, autoantibodies, immune complexes, etc.) and downstream responses likely drives SLE-associated lung involvement [29].



Asian patients, particularly Filipino patients, had significantly younger ages at diagnosis compared to other racial/ethnic groups (22.2 years for Filipinos vs. 27.9 years for Asians overall vs. 29.4 years for Whites) [30], which correlates with the findings of our study (46.6 for Asian vs. 58.03 for Whites). Among Asian patients, disease severity (measured by the Lupus Severity Index) was significantly higher than in White patients (7.1 vs. 6.5, p < 0.05) [30]. The younger age at diagnosis and greater disease severity observed in Asian patients could potentially translate to more frequent or severe lung involvement over time.



Intracranial hemorrhage (ICH) is a known complication of SLE and a key feature of neuropsychiatric SLE (NPSLE). Its causes are multifactorial, including thrombocytopenia, hemorrhagic infarction, hypertension, coagulation disturbances, and cerebrovascular diseases. Thrombocytopenia, in particular, has been identified as an independent risk factor for ICH in SLE patients. Its pathogenesis may be attributed to the following: antibody-mediated platelet destruction, antiphospholipid antibodies, thrombotic microangiopathy, bone marrow suppression, and megakaryocyte maturation disorders. Histopathological findings suggest thrombosis and arteritis play a role in ICH pathogenesis, with recurrent thromboses potentially causing multiple cerebral infarctions [30,31]. Sleep apnea was identified as a novel risk factor for intracranial hemorrhage, associated with both lobar and non-lobar hemorrhages across racial/ethnic groups [32].



Our study has found that non-Whites are at increased risk of ICH compared to Whites. A study conducted by Kittnet et al. also suggests similar findings that non-Whites are at increased risk of ICH as compared to Whites in the general population [33]. According to Shen at al., hypertension was a major risk factor for intracranial hemorrhage across all racial/ethnic groups, with particularly high percentages associated with treated or untreated hypertension in Black and Hispanic patients. Lack of health insurance was also seen to have a disproportionate association with intracranial hemorrhage risk in Black and Hispanic patients [32].



In a large Medicaid SLE cohort, Black and Hispanic patients showed significantly higher stroke risks compared to White patients. Black patients had a 34% increased overall stroke risk, while Hispanic patients had a 25% increase, with the disparities being most pronounced in those under 50 years. Lupus nephritis further elevated stroke risks for Blacks (44%) and Hispanics (47%). Black patients faced increased risks of both ischemic (33%) and hemorrhagic strokes (42%), whereas Hispanic patients had a markedly higher hemorrhagic stroke risk (79%) but no difference in ischemic stroke risk.



These disparities persisted even after adjusting for sociodemographic and clinical factors and may be driven by residual hypertension effects, unaddressed traditional risk factors (e.g., obesity, diabetes, hyperlipidemia) in younger patients, racial differences in SLE severity, and other unmeasured factors, suggesting complex underlying mechanisms at play [34].



Lupus nephritis is predominantly caused by a type III hypersensitivity reaction, resulting in immune complex deposition. Its pathogenesis involves a multifaceted interaction of genetic, environmental, and immunological factors. Genetic predisposition plays a critical role, with over 50 identified polymorphisms, including PDGFRA, APOL1, HAS2, and specific HLA alleles, associated with increased susceptibility. Environmental triggers include ultraviolet radiation, viral infections (e.g., Epstein–Barr virus and parvovirus B19), air pollution, and dysregulation of the gut microbiome.



Immune dysregulation is a hallmark of lupus nephritis, characterized by the formation of autoantibody-mediated immune complexes (e.g., anti-dsDNA, anti-C1q, anti-nucleosome, anti-α actinin, and anticardiolipin antibodies), complement system activation—particularly via the alternative pathway—and recruitment of inflammatory cells. Tubular epithelial cells contribute to disease progression by secreting B-cell activating factor, which promotes tertiary lymphoid structures. These processes collectively drive tissue inflammation and damage, highlighting the intricate interplay of factors underlying lupus nephritis pathogenesis [35].



Significant racial and ethnic disparities exist in the incidence and prevalence of lupus nephritis as Asians and Hispanics have significantly higher prevalence of lupus nephritis as compared to other races as mentioned in multiple cohort studies, including the California Lupus Surveillance Project, LUMINA, PROFILE, and the Southern California Lupus Registry [20]. Similarly, the GLADEL cohort found increased rates of renal involvement in Black and mestizo patients compared to White patients [20].



Genetic, environmental, and healthcare system factors contribute to disparities in lupus nephritis outcomes. CKD risk alleles are more prevalent in populations of African ancestry, with an unfavorable genetic risk gradient observed in these patients. Environmental triggers, influenced by occupational patterns, are more common among marginalized groups. Additionally, fragmented healthcare systems, unequal access to care, and underrepresentation in the healthcare workforce further exacerbate disparities in outcomes for these populations. Addressing these multifactorial disparities requires targeted interventions to improve healthcare access, foster equity, and mitigate the impact of genetic and environmental risk factors, ultimately aiming to achieve better outcomes for all patients with lupus nephritis [20].




5. Implications for Clinical Practice and Policy


Early Identification and Risk Stratification: Community-based programs in underserved areas are vital for early detection of high-risk patients, enabling timely treatment and preventing complications.



Enhanced Multidisciplinary Care Access: Integrating rheumatology with primary and specialty care improves comprehensive SLE management. Telemedicine and outreach can address access gaps in underserved populations.



Addressing Socioeconomic Barriers: Improving insurance coverage, patient education, and financial support for transportation and medications is essential to reduce disparities and disease burden.



Culturally Competent Care: Training providers to deliver culturally sensitive care, address language barriers, and reduce implicit biases fosters trust and improves outcomes for minority patients.




6. Limitations


While this study offers valuable insights, several limitations must be acknowledged. Firstly, the retrospective design inherently limits the ability to control all potential confounding variables, which may affect the validity of the findings. Secondly, the duration of observation varied among patient groups, potentially influencing the comparability of outcomes across cohorts. Thirdly, key cardiovascular risk factors, including smoking status, physical activity, medication adherence, and socioeconomic status, were not captured in the analysis. The omission of these variables may have introduced unmeasured confounding and influenced the observed associations. Another limitation is that while global p-values were reported to assess overall differences between groups, post hoc pairwise comparisons were not performed. Given the large sample size and retrospective design of the study, we prioritized minimizing the risk of type I error and overinterpretation. Future studies could consider performing detailed post hoc analyses to further delineate specific group differences.
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Figure 1. Gender distribution of patients of different racial groups with SLE in the US from NIS 2016 to 2021. 
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White

	
Black

	
Hispanic

	
Asian

	
Native

	
Other

	
p Value






	
Number of patients

	
514,750

	
321,395

	
146,600

	
26,120

	
7350

	
29,215

	
<0.001




	
Male

	
12.12%

	
10.69%

	
11.93%

	
13.52%

	
11.50%

	
12.15%

	




	
Female by %

	
87.88%

	
89.31%

	
88.07%

	
86.48%

	
88.50%

	
87.85%

	




	
Females by number

	
452,255

	
286,985

	
129,115

	
22,585

	
6505

	
25,665

	




	
Mean age (Years)

	
58.02591

	
47.16161

	
45.83235

	
46.60107

	
50.01973

	
48.53397

	




	
Median Household Income

	
<0.001




	
0–25th percentile

	
129,875 (25.57%)

	
158,590 (50.14%)

	
53,480 (36.99%)

	
3490 (13.48%)

	
3300 (47.48%)

	
8575 (29.9%)

	




	
26th–50th percentile

	
138,535 (27.27%)

	
71,380 (22.57%)

	
37,100 (25.66%)

	
4740 (18.30%)

	
1815 (26.12%)

	
6390 (22.28%)

	




	
51st–75th percentile

	
128,055 (25.21%)

	
53,525 (16.92%)

	
33,605 (23.24%)

	
6875 (26.55%)

	
1275 (18.35%)

	
6705 (23.28%)

	




	
76th–100th percentile

	
111,545 (21.96%)

	
32,770 (10.36%)

	
20,410 (14.12%)

	
10,790 (41.67%)

	
560 (8.06%)

	
7010 (24.44%)

	




	
Hospital Teaching Status

	
<0.001




	
Rural

	
44,280 (8.6%)

	
11,465 (3.57%)

	
2640 (1.8%)

	
365 (1.4%)

	
1204 (16.39%)

	
584 (2%)

	




	
Urban non-teaching

	
108,014 (20.98%)

	
44,445 (13.83%)

	
25,850 (17.63%)

	
4059 (15.54%)

	
804 (10.95%)

	
4930 (16.87%)

	




	
Urban teaching

	
362,454 (70.41%)

	
265,485 (82.6%)

	
118,109 (80.57%)

	
21,695 (83.06%)

	
5340 (72.65%)

	
23,700 (81.12%)

	




	
Hospital Bed Size

	
<0.001




	
Small

	
106,850 (20.76%)

	
55,115 (17.15%)

	
24,615 (16.79%)

	
3960 (15.16%)

	
1345 (18.3%)

	
4910 (16.81%)

	




	
Medium

	
142,560 (27.69%)

	
85,335 (26.55%)

	
41,265 (28.15%)

	
5820 (22.28%)

	
1500 (20.41%)

	
8895 (30.45%)

	




	
Large

	
265,340 (51.55%)

	
180,945 (56.3%)

	
80,720 (55.06%)

	
16,340 (62.56%)

	
4505 (61.29%)

	
15,410 (52.75%)

	




	
Region of Hospital

	
<0.001




	
Northeast

	
94,485 (18.36%)

	
52,540 (16.35%)

	
26,815 (18.29%)

	
4385 (16.79%)

	
395 (5.37%)

	
10,030 (34.33%)

	




	
Midwest

	
117,510 (22.83%)

	
67,905 (21.13%)

	
10,725 (7.32%)

	
2975 (11.39%)

	
1635 (22.24%)

	
2820 (9.65%)

	




	
South

	
215,920 (41.95%)

	
171,940 (53.5%)

	
54,320 (37.05%)

	
4730 (18.11%)

	
2440 (33.2%)

	
10,730 (36.73%)

	




	
West

	
86,835 (16.87%)

	
29,010 (9.03%)

	
54,740 (37.34%)

	
14,030 (53.71%)

	
2880 (39.18%)

	
5635 (19.29%)

	




	
Insurance Status

	
<0.001




	
Medicare

	
285,760 (55.57%)

	
152,035 (47.36%)

	
51,960 (35.48%)

	
8855 (33.93%)

	
3035 (41.52%)

	
11,125 (38.11%)

	




	
Medicaid

	
67,600 (13.14%)

	
83,805 (26.1%)

	
47,965 (32.75%)

	
5765 (22.09%)

	
2295 (31.4%)

	
7360 (25.21%)

	




	
Private insurance

	
137,880 (26.81%)

	
68,060 (21.2%)

	
35,080 (23.95%)

	
10,245 (39.26%)

	
1500 (20.52%)

	
8545 (29.27%)

	




	
Self-pay

	
11,380 (2.21%)

	
10,165 (3.17%)

	
7425 (5.07%)

	
610 (2.34%)

	
205 (2.8%)

	
1215 (4.16%)

	




	
Charlson Comorbidity Index

	
<0.001




	
Mild (Score 1–2)

	
143,190 (27.82%)

	
72,115 (22.44%)

	
44,250 (30.18%)

	
8535 (32.68%)

	
1780 (24.22%)

	
9595 (32.84%)

	




	
Moderate (Score 3–4)

	
113,605 (22.07%)

	
53,765 (16.73%)

	
25,805 (17.6%)

	
3665 (14.03%)

	
1290 (17.55%)

	
5585 (19.12%)

	




	
Severe (Score ≥ 5)

	
257,955 (50.11%)

	
195,515 (60.83%)

	
76,545 (52.21%)

	
13,920 (53.29%)

	
428 0(58.23%)

	
14,035 (48.04%)

	




	
Comorbidities

	




	
Dyslipidemia

	
163,785 (31.82%)

	
78,950 (24.56%)

	
32,965 (22.49%)

	
6850 (26.23%)

	
1650 (22.45%)

	
6825 (23.36%)

	
<0.001




	
Diabetes

	
111,925 (21.74%)

	
74,390 (23.15%)

	
32,910 (22.45%)

	
4325 (16.56%)

	
2090 (28.44%)

	
5965 (20.42%)

	
<0.001




	
Obesity

	
102,670 (19.95%)

	
67,720 (21.07%)

	
26,350 (17.97%)

	
1810 (6.93%)

	
1455 (19.8%)

	
4420 (15.13%)

	
<0.001




	
Chronic kidney disease

	
113,170 (21.99%)

	
130,225 (40.52%)

	
47,615 (32.48%)

	
96,008 (36.75%)

	
2195 (29.86%)

	
7840 (26.84%)

	
<0.001




	
Smoking

	
89,195 (17.33%)

	
46,445 (14.45%)

	
12,565 (8.57%)

	
1355 (5.19%)

	
1515 (20.61%)

	
3395 (11.62%)

	
<0.001




	
Cannabis

	
9200 (1.79%)

	
10,225 (3.18%)

	
3125 (2.13%)

	
220 (0.84%)

	
235 (3.2%)

	
695 (2.38%)

	
<0.001




	
Inflammatory conditions

	
117,770 (22.88%)

	
54,535 (16.97%)

	
27,855 (19.00%)

	
3450 (13.21%)

	
1870 (25.44%)

	
5500 (18.83%)

	
<0.001




	
Liver disease

	
33,530 (6.51%)

	
13,580 (4.23%)

	
12,940 (8.83%)

	
1560 (5.97%)

	
810 (11.02%)

	
1855 (6.35%)

	
<0.001




	
Hypertension

	
318,040 (61.79%)

	
239,795 (74.61%)

	
89,060 (60.75%)

	
15,485 (59.28%)

	
4395 (59.8%)

	
17,265 (59.1%)

	
<0.001




	
Chronic obstructive pulmonary disease

	
166,975 (32.44%)

	
86,240 (26.83%)

	
29,735 (20.28%)

	
3940 (15.08%)

	
2170 (29.52%)

	
6845 (23.43%)

	
<0.001




	
Outcomes

	




	
Length of stay (Days)

	
5.27729

	
5.892685

	
5.474094

	
6.222818

	
5.929253

	
5.944205

	
<0.001




	
Total healthcare charges (USD)

	
63,220.4

	
68,025.46

	
81,048.61

	
93,302.8

	
64,817.87

	
85,304.59

	
<0.001




	
Myocardial infarction

	
18,880 (3.67%)

	
9985 (3.11%)

	
3910 (2.67%)

	
900 (3.45%)

	
235 (3.2%)

	
825 (2.82%)

	
<0.001




	
Died during hospitalization

	
12,075 (2.35%)

	
6490 (2.02%)

	
2840 (1.94%)

	
660 (2.53%)

	
195 (2.65%)

	
645 (2.21%)

	
<0.001




	
Sudden cardiac death

	
145 (0.03%)

	
150 (0.05%)

	
25 (0.02%)

	
15 (0.06%)

	
5 (0.07%)

	
10 (0.03%)

	
0.1605




	
Atrial fibrillation

	
70,355 (13.67%)

	
23,745 (7.39%)

	
8145 (5.56%)

	
2170 (8.31%)

	
550 (7.48%)

	
2355 (8.06%)

	
<0.001




	
Stenosis

	
1050 (0.2%)

	
135 (0.04%)

	
130 (0.09%)

	
10 (0.04%)

	
0

	
10 (0.03%)

	
<0.001




	
Intracranial hemorrhage

	
1475 (0.29%)

	
1040 (0.32%)

	
380 (0.26%)

	
155 (0.59%)

	
5 (0.07%)

	
95 (0.33%)

	
0.0008




	
SLE endocarditis

	
945 (0.18%)

	
665 (0.21%)

	
465 (0.32%)

	
95 (0.36%)

	
15 (0.2%)

	
120 (0.41%)

	
<0.001




	
SLE pericarditis

	
1825 (0.35%)

	
3500 (1.09%)

	
1455 (0.99%)

	
345 (1.32%)

	
65 (0.88%)

	
240 (0.82%)

	
<0.001




	
SLE lung

	
4595 (0.89%)

	
5830 (1.81%)

	
2470 (1.68%)

	
505 (1.93%)

	
140 (1.9%)

	
500 (1.71%)

	
<0.001




	
SLE nephropathy

	
290 (0.06%)

	
530 (0.16%)

	
265 (0.18%)

	
55 (0.21%)

	
0

	
50(0.17%)

	
<0.001
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Death

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value






	
White

	
Reference




	
Black

	
1.168117

	
1.084155

	
1.258581

	
<0.001




	
Hispanic

	
1.042021

	
0.9471903

	
1.146346

	
0.398




	
Asian

	
1.367261

	
1.1446

	
1.633236

	
0.001




	
Native

	
1.192965

	
0.8654511

	
1.644422

	
0.281




	
Others

	
1.202257

	
0.9988751

	
1.447051

	
0.051




	
Myocardial Infarction

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.9001332

	
0.8451338

	
0.9587118

	
0.01




	
Hispanic

	
0.8737557

	
0.7989063

	
0.9556177

	
0.03




	
Asian

	
1.036834

	
0.8782573

	
1.224044

	
0.669




	
Native

	
0.961945

	
0.7187502

	
1.287345

	
0.794




	
Others

	
0.937197

	
0.7969858

	
1.102075

	
0.433




	
Sudden Cardiac Death

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
1.640044

	
1.457555

	
1.845381

	
<0.001




	
Hispanic

	
1.029911

	
0.872259

	
1.21657

	
0.728




	
Asian

	
1.495132

	
1.110036

	
2.013825

	
0.008




	
Native

	
1.541412

	
0.9366863

	
2.536551

	
0.089




	
Others

	
1.313558

	
0.9655792

	
1.786942

	
0.082




	
A. Fib

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.7783911

	
0.7467076

	
0.811419

	
<0.001




	
Hispanic

	
0.6357486

	
0.5980574

	
0.6758152

	
<0.001




	
Asian

	
0.8626692

	
0.7632225

	
0.9750738

	
0.018




	
Native

	
0.7312086

	
0.5867045

	
0.9113037

	
0.005




	
Others

	
0.8510107

	
0.7617538

	
0.950726

	
0.004




	
Stenosis

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.5829187

	
0.513643

	
0.6615377

	
<0.001




	
Hispanic

	
0.6044469

	
0.5077948

	
0.7195954

	
<0.001




	
Asian

	
0.549916

	
0.3509374

	
0.7853712

	
0.002




	
Native

	
0.542131

	
0.2730568

	
1.088628

	
0.086




	
Others

	
0.7567653

	
0.5520902

	
1.037319

	
0.083




	
Intracranial Hemorrhage

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.9258527

	
0.8017899

	
1.069112

	
0.294




	
Hispanic

	
1.057469

	
0.8861537

	
1.261903

	
0.535




	
Asian

	
1.797411

	
1.364365

	
2.367904

	
<0.001




	
Native

	
0.6441251

	
0.2900585

	
1.430391

	
0.28




	
Others

	
1.224589

	
0.8804949

	
1.703155

	
0.229




	
SLE Endocarditis

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.6054928

	
0.468893

	
0.7818874

	
<0.001




	
Hispanic

	
0.9070059

	
0.6912973

	
1.190023

	
0.481




	
Asian

	
1.018884

	
0.6252673

	
1.660289

	
0.94




	
Native

	
0.6907387

	
0.2185372

	
2.183244

	
0.529




	
Others

	
1.39589

	
0.8948261

	
2.177528

	
0.142




	
SLE Pericarditis

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
2.040103

	
1.780347

	
2.337757

	
<0.001




	
Hispanic

	
1.63384

	
1.383392

	
1.92963

	
<0.001




	
Asian

	
2.105227

	
1.614001

	
2.745959

	
<0.001




	
Native

	
1.744052

	
1.001834

	
3.036152

	
0.049




	
Others

	
1.479975

	
1.059376

	
2.067563

	
0.022




	
SLE Lung

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
1.933659

	
1.756064

	
2.129214

	
<0.001




	
Hispanic

	
1.757082

	
1.561453

	
1.97722

	
<0.001




	
Asian

	
2.060911

	
1.678557

	
2.53036

	
<0.001




	
Native

	
2.025226

	
1.350933

	
3.036079

	
0.001




	
Others

	
1.791006

	
1.448109

	
2.215099

	
<0.001




	
SLE Nephropathy

	
Adjusted Odds Ratio

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
1.464249

	
1.038518

	
2.064506

	
0.03




	
Hispanic

	
1.652711

	
1.098918

	
2.485582

	
0.016




	
Asian

	
1.884473

	
0.9803965

	
3.622247

	
0.057




	
Native

	
1

	

	

	




	
Others

	
1.888581

	
0.9716579

	
3.670777

	
0.061




	
LOS

	
Coefficient

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
0.2999071

	
0.219143

	
0.3806713

	
<0.001




	
Hispanic

	
0.0164237

	
−0.0815541

	
0.1144015

	
0.742




	
Asian

	
0.7641767

	
0.5226747

	
1.005679

	
<0.001




	
Native

	
0.2568628

	
−0.2674698

	
0.7811955

	
0.337




	
Others

	
0.5718481

	
0.3286234

	
0.8150728

	
<0.001




	
Total Health Charges

	
Coefficient

	
95% Confidence Interval

	
p-Value




	
White

	
Reference




	
Black

	
1042.333

	
−365.2967

	
2449.962

	
0.147




	
Hispanic

	
15679.93

	
13771.27

	
17588.6

	
<0.001




	
Asian

	
24054.45

	
19049.44

	
29059.46

	
<0.001




	
Native

	
−1789.874

	
−9914.34

	
6334.592

	
0.666




	
Others

	
20149.16

	
15458.31

	
24840.01

	
<0.001
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