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Background and objectives: This study investigates geographic disparities in aneurysmal subarachnoid hemorrhage (aSAH) care for Black patients and aims to explore the association with segregation in treatment facilities. Understanding these dynamics can guide efforts to improve healthcare outcomes for marginalized populations.

Methods: This cohort study evaluated regional differences in segregation for Black patients with aSAH and the association with geographic variations in disparities from 2016 to 2020. The National Inpatient Sample (NIS) database was queried for admission data on aSAH. Black patients were compared to White patients. Segregation in treatment facilities was calculated using the dissimilarity (D) index. Using multivariable logistic regression models, the regional disparities in aSAH treatment, functional outcomes, mortality, and end-of-life care between Black and White patients and the association of geographical segregation in treatment facilities was assessed.

Results: 142,285 Black and White patients were diagnosed with aSAH from 2016 to 2020. The Pacific division (D index = 0.55) had the greatest degree of segregation in treatment facilities, while the South Atlantic (D index = 0.39) had the lowest. Compared to lower segregation, regions with higher levels of segregation (global F test p < 0.001) were associated a lower likelihood of mortality (OR 0.91, 95% CI 0.82–1.00, p = 0.044 vs. OR 0.75, 95% CI 0.68–0.83, p < 0. 001) (p = 0.049), greater likelihood of tracheostomy tube placement (OR 1.45, 95% CI 1.22–1.73, p < 0.001 vs. OR 1.87, 95% CI 1.59–2.21, p < 0.001) (p < 0. 001), and lower likelihood of receiving palliative care (OR 0.88, 95% CI 0.76–0.93, p < 0.001 vs. OR 0.67, 95% CI 0.59–0.77, p < 0.001) (p = 0.029).

Conclusion: This study demonstrates regional differences in disparities for Black patients with aSAH, particularly in end-of-life care, with varying levels of segregation in regional treatment facilities playing an associated role. The findings underscore the need for targeted interventions and policy changes to address systemic healthcare inequities, reduce segregation, and ensure equitable access to high-quality care for all patients.
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Introduction

Black patients in America face significant challenges within the healthcare system, resulting in disparities that manifest as higher rates of chronic diseases, limited access to quality healthcare, and worse health outcomes compared to their White counterpart (1, 2). These disparities are evidenced by elevated rates of chronic diseases, restricted access to high-quality healthcare, and poorer health outcomes among Black patients compared to their White counterparts (2–8). Moreover, these disparities extend beyond general health conditions to acute medical crises, notably in neurosurgical emergencies like aneurysmal subarachnoid hemorrhage (aSAH). For instance, studies have indicated that Black patients with aSAH experience higher mortality rates and greater disability compared to White patients (9–11).

The root causes of these health disparities are multifaceted. They include limited access to healthcare, socioeconomic inequalities, cultural barriers, implicit biases, and disparities in the quality of care (3, 12–14). These factors are further compounded by geographical variations, with differences in healthcare infrastructure, socioeconomic conditions, cultural norms, healthcare provider demographics, and historical patterns of segregation (5, 6, 15). Segregation in healthcare refers to the unequal distribution of medical services, resources, and opportunities based on factors such as race, ethnicity, socioeconomic status, or geographic location. It can lead to significant disparities in access to quality medical services and resources, resulting in marginalized communities receiving substandard care and experiencing worse health outcomes. Hobar et al. explicated segregation in regional neonatal intensive care units (NICU) among Black and White newborns, with Black babies being treated at lower quality NICUs than White neonates (3, 16).

The legacy of segregation in healthcare for Black Americans is marked by a history of systemic discrimination and exclusion. In the Jim Crow era, legally sanctioned racial segregation relegated Black patients to separate, “colored” facilities, which were typically plagued by chronic underfunding and a dearth of resources, resulting in care that was markedly inferior to that available in institutions serving White patients. These “Negro hospitals,” as they were then known, became symbols of the broader injustices of the time—enduring emblems of inequality in American healthcare (17–22). Although the overt legal structures of segregation have been dismantled, the shadows of these historical disparities continue to loom over contemporary healthcare outcomes for Black patients (19–22).

It is within this context that our study examines the relationship between the continued segregation in healthcare settings and its impact on the treatment and outcomes of Black patients suffering from aSAH. Existing research indicates that minority groups with aSAH, including Black patients, often receive more aggressive medical interventions, like tracheostomy and gastrostomy tube placements, as well as blood transfusions, than their White counterparts (23). In contrast, these patients are less frequently involved in palliative care consultations or designated with Do Not Resuscitate (DNR) status (23). We hypothesize a direct correlation between the degree of segregation in treatment facilities and the observed disparities in care. Specifically, we focus on the prevalence of aggressive treatment interventions and the lack of engagement with palliative care services and DNR status in areas with higher segregation indices. By shedding light on the pervasive nature of these disparities and their association with segregation, this study seeks to articulate the ongoing challenges in achieving healthcare equity. Furthermore, it aspires to lay the groundwork for interventions specifically designed to counteract these disparities and foster a more equitable healthcare landscape for Black patients with aSAH.



Methods


Data source

The National Inpatient Sample (NIS) database was queried from 2016 to 2020 for diagnosis of ruptured aSAH using the International Classification for Disease version 10 (ICD-10). Patients with ICD - 10 codes 160.00–160.09 met the primary inclusion criteria (Supplementary Table S1). Patients with traumatic SAH (n = 1,740) or SAH associated with an arteriovenous malformation (n = 23,575) were excluded from the study (Supplementary Figure S1). This approach aligns with the study’s aim to investigate healthcare disparities and outcomes in aSAH, distinct in its pathophysiology and treatment from conditions like traumatic SAH and SAH due to arteriovenous malformations. By concentrating on aSAH, our study aligns with existing literature and avoids the confounding variables introduced by the inclusion of other SAH etiologies, thereby ensuring a more accurate and homogenous examination of the specific disparities and outcomes in this patient group. The NIS, part of the Healthcare Cost and Utilization Project (HCUP), is a vast database containing de-identified inpatient hospitalization data from a wide array of U.S. hospitals, enhancing its national representativeness. It utilizes discharge weights from participating hospitals to provide nationally representative estimates, facilitating diverse healthcare research. However, limitations include potential billing and coding inaccuracies, variations in hospital reporting practices, and the exclusion of certain facilities like federal hospitals. Additionally, its focus is solely on inpatient data, excluding outpatient care. Due to the de-identified, retrospective nature of this study, Institutional Review Board approval was not sought.



Population

The NIS database stratifies race into 6 groups: White, Black, Hispanic, Asian/Pacific Islander, Native American, and Other. Only patients listed as Black or White were included in this study. Our analysis focuses on Black and White patients to closely examine the significant disparities predominantly observed between these racial groups. This targeted approach not only captures a vital element of the wider discourse on racial inequalities in healthcare but also acknowledges the enduring impact of historical segregation and systemic biases. These long-standing issues have disproportionately affected Black communities in the United States, perpetuating a cycle of healthcare disparities. Patients were further divided by geographical location using NIS-provided United States Census divisions (New England, Middle Atlantic, East North Central, West North Central, South Atlantic, East South Central, West South Central, Mountain, and Pacific). Supplementary Table S2 outlines the corresponding states that make up each U.S. Census division.



Outcomes and covariates

Research questions centered on treatment disparities, functional outcomes, mortality, and end-of-life care. Treatment was dichotomized into two groups for patients undergoing aneurysm treatment (via open surgical clipping or endovascular therapy) and patients who did not receive either treatment. Functional outcomes in SAH cases were assessed using the NIS-SAH Outcomes Measure (NIS-SOM), a validated instrument provided by the NIS data source. This comprehensive metric evaluates treatment effectiveness and forecasts overall patient prognosis by integrating clinical, demographic, and hospital-related variables, similar to the approach used in modified Rankin scores. The NIS-SOM, is a dichotomous tool that classifies patient outcomes post-discharge into two categories: “good outcome” and “poor outcome.” A “good outcome” signifies a patient’s discharge to their home or a rehabilitation facility, reflecting a positive recovery path. In contrast, a “poor outcome” includes a spectrum of less favorable scenarios, such as in-hospital mortality, or discharge to a facility offering nursing care, extended care, long-term acute care, or hospice services. The design of the NIS-SOM aims to efficiently delineate patient recovery levels and care needs at the point of discharge, offering a clear and structured measure for evaluating SAH patient outcomes (24). To investigate disparities in end-of-life care, we examined the racial differences in life-sustaining interventions (mechanical ventilation, tracheostomy tube placement, gastrostomy tube placement, and blood transfusions), the utilization of palliative care services, and DNR. All analyses included the following covariates: age, sex (male and female), admission year, hospital size, teaching status, primary expected payer (Medicare, Medicaid, private insurance, self-pay, no charge, other), hypertension, obesity, smoking status, coronary artery disease, chronic kidney disease, hyperlipidemia, diabetes mellitus, alcohol abuse, atrial fibrillation, and the NIS SAH Severity Score (NIS-SSS) (25, 26). The NIS-SSS is a scoring system derived from the NIS database to assess the severity of aSAH using clinical and demographic data. Validated against established grading systems like the Hunt and Hess scale, it provides a reliable tool for stratifying patients and analyzing outcomes in aSAH studies (27). Outcomes and covariates not directly provided by the NIS were derived using secondary discharge diagnoses in the data source (Supplementary Table S2).



Measure of segregation

To measure segregation in treatment facilities between Black and White patients within each U.S. Census region, we calculated the Duncan dissimilarity (D) index as outlined by Austin et al. (7). The D index is a statistical measure used to quantify the degree of segregation between two groups within a geographic area. It measures the proportion of individuals from one group who would need to change their location to achieve an even distribution with the other group. The D index ranges from zero to one, where zero indicates complete integration or no segregation, and one represents complete segregation. The D index was chosen for this study due to its established reliability, as demonstrated by its application by the U.S. Census Bureau for assessing residential segregation, and its successful use in previous research to quantify racial segregation in healthcare facilities, making it an ideal measure for exploring segregation’s impact on healthcare disparities (7, 28–30). The formula used for calculating the D index along with an example calculation is illustrated in Figure 1. D indexes were calculated by U.S. census region for each of the studied years.

[image: Figure 1]

FIGURE 1
 Dissimilarity index equation with example calculation. Illustrates the equation used for calculating the D index along with a sample calculation. Here, wi and bi represent the number of White and Black patients treated at a given hospital within a region, respectively. W and B denote the total number of White and Black patients respectively within the region that the D index is being calculated.




Statistical analysis

Univariate analysis was performed to explore differences in rates of mechanical ventilation, tracheostomy tube placement, gastrostomy tube placement, blood transfusions, the utilization of palliative care services, and DNR status for race (Black vs. White) and region (Supplementary Table S4). For variables with p < 0.20, multivariable logistic regression models were performed to control for covariate influence. All multivariable models used the above-outlined covariates. Patients missing data on variables of interest were excluded from the analyses. Racial disparities were compared to the national average for each of the nine census divisions. Analysis of variance (ANOVA) was used to compare differences in the level of segregation as measured by the D index among the regions. Finally, the impact of the level of segregation on the outcomes of interest was tested by comparing high (D index of 0.50 or higher) and low D index (D index <0.50) regions using multivariable logistic regression with the included covariates followed by a global F test when both regions showed statistical significance. If the overall F test was statistically significant, then high and low D index regions were compared using a t-test for the outcome of interest. All tests for significance were two-sided, with a p-value of 0.05 or less defined as statistically significant. This threshold of 0.05 was chosen to align with the convention used in other publications utilizing the NIS Database, ensuring consistency in our approach and facilitating comparisons with similar studies (23). Statistical analysis was performed using R version 4.2.2. This study adheres to The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) initiative recommendations (31).




Results

We included 142,285 (113,060 White, 29,255 Black) patients hospitalized with aSAH from 2016 to 2020 in this study. Most Black patients in the cohort were cared for in the South Atlantic (33%), East North Central (16%), and Middle Atlantic (15.90%) regions. Similar observations were noted with White patients: South Atlantic (20%), East North Central (18%), and Middle Atlantic (13%). Table 1 provides a summary of baseline characteristics for the study cohort.



TABLE 1 Patient and hospital demographics by race.
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Regional disparities in treatment, functional outcomes, and mortality

Nationally, Black patients had higher treatment rates following aSAH in comparison to White patients (OR 1.10, 95% CI 1.02–1.18, p = 0.013). However, significant racial differences in undergoing aSAH treatment were only demonstrated in the East South-Central region (OR 1.52, 95% CI 1.24–1.88, p < 0. 001). Black patients had worse NIS-SOM outcomes on the national level than White patients (OR 1.10, 95% 1.02–1.19, p = 0.010), with significantly worse functional outcomes seen in the Middle Atlantic (OR 1.27, 95% CI 1.04–1.55, p = 0.022) and West South-Central regions (OR 1.27, 95% CI 1.03–1.56, p = 0.025). Nationally, the mortality rate for Black patients was lower than that of White patients following aSAH (OR 0.81, 95% CI 0.75–0.88, p < 0.001). Black patients in the East North Central (OR 0.68, 95% CI 0.55–0.83, p < 0.001), East South Central (OR 0.63, 95% CI 0.47–0.84, p = 0.002), and West South Central (OR 0.74, 95% CI 0.58–0.96, p = 0.022) demonstrated statistically significant lower likelihood of mortality.



Geographical variance in disparities in end-of-life care

Black patients were twice as likely as White patients to have tracheostomy tube placement in the Pacific division (OR 2.17, 95% CI 1.46–3.22, p < 0.001). Black patients in the Middle Atlantic (OR 1.76, 95% CI 1.27–2.43, p < 0.001), East North Central (OR 1.83, 95% CI 1.39–2.42, p < 0.001), and West South Central (OR 1.83, 95% CI 1.39–2.42, p < 0.001) regions had higher likelihood of tracheostomy tube placement in comparison to the national level (OR 1.67, 95% CI 1.48–1.89 p < 0.001). Conversely, a lower likelihood of tracheostomy placement than the national average was seen in the South Atlantic (OR 1.33, 95% CI 1.05–1.68, p = 0.018) and East South Central (OR 1.61, 95% CI 1.10–2.35, p = 0.015) regions. Black patients in the New England region had the greatest likelihood of gastrostomy tube placement (OR 2.00, 95% CI 1.13–3.33, p = 0.017), while having the least likelihood of receiving palliative care services (OR 0.42, 95% CI 0.22–0.80, p = 0.008) and utilization of DNR (OR 0.47, 95% CI 0.27–0.85, p = 0.012). Black patients in the South Atlantic had the lowest degree of disparity in the likelihood of gastrostomy tube placement (OR 1.36, 95% CI 1.14–1.61, p = 0.001) and receipt of palliative care (OR 0.76, 95% CI 0.65–0.89, p = 0.001). Table 2 summarizes the disparities for Black patients compared to White patients by region in treatment, outcomes, mortality, and end-of-life care.



TABLE 2 Odds ratios for treatment, functional outcomes, and end-of-life care for Black patients by region.
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Association of racial segregation in regional treatment facility with disparities

Segregation between White and Black patients in treatment facilities following aSAH was greatest in the Pacific (D index = 0.55) and Mountain (D index = 0.54) divisions, and lowest in the South Atlantic (D index = 0.39) and West South Central (D = 0.46) divisions. Slight variance in the D index within a region were noted over the five-year study, as illustrated in Supplementary Figure S2. Inter-regional comparison showed that the difference in D index was statistically significant across all regions over the studied period excluding comparisons between the New England and Middle Atlantic regions (Supplementary Table S3). Since 2012, the NIS has ceased providing hospital names or identifiers, offering only deidentified hospital IDs and limited characteristics such as teaching status, bed size, and hospital type. Consequently, crucial metrics for assessing hospital quality are missing. This limitation impacts our study’s use of the D index, as it restricts our ability to differentiate between patients treated at lower-quality and higher-quality facilities when analyzing segregation in treatment facilities.

Black patients in regions with higher levels of segregation had a higher likelihood of poor functional outcomes compared to White patients (OR 1.15, 95% CI 1.04–1.29, p = 0. 008). Conversely, no statistically significant difference was noted in likelihood of poor functional outcomes between Black and White patients in low D index regions (OR 1.07, 95% CI 0.97–1.19, p = 0.181). The likelihood of mortality by D index level (global F test p < 0.001) was higher in less segregated (OR 0.91, 95% CI 0.82–1.00, p = 0.044) compared to more segregated (OR 0.75, 95% CI 0.68–0.83, p < 0. 001) regions (p = 0.049). Notable differences were also seen when comparing low and high D index regions (global F test p < 0.001) for tracheostomy tube placement (OR 1.45, 95% CI 1.22–1.73, p < 0.001 vs. OR 1.87, 95% CI 1.59–2.21, p < 0.001) (p < 0. 001) and receipt of palliative care (OR 0.88, 95% CI 0.76–0.93, p < 0.001 vs. OR 0.67, 95% CI 0.59–0.77, p < 0.001) (p = 0.029). No statistically significant difference was found when comparing disparities between low and high D index region (global F test p < 0.001) for gastrostomy tube placement (OR 1.62, 95% CI 1.12–2.36, p = 0.011 vs. OR 1.68, 95% CI 1.46–1.93, p < 0.001) (p = 0.783), blood transfusions (OR 1.44, 95% CI 1.20–1.74, p < 0.001 vs. OR 1.49, 95% CI 1.24–1.79, p < 0.001) (p = 0.738), and DNR status (OR 0.68, 95% CI 0.61–0.77, p < 0.001 vs. OR 0.67, 95% CI 0.59–0.75, p < 0.001) (p = 0.841). The relationship between the D index and likelihood of tracheostomy tube placement and receiving palliative care is represented as a heatmap in Figure 2. Table 3 provides a summary of all odds ratio calculations by high versus low D index region.

[image: Figure 2]

FIGURE 2
 Geographical variation in dissimilarity index and association with likelihood of tracheostomy tube placement and receipt of palliative care. (A) A heatmap of dissimilarity index by U.S. Census region is juxtaposed to (B) a heatmap representation of likelihood of tracheostomy tube placement and (C) palliative care use for Black patients following aSAH. Regions with higher levels of segregation also had higher levels of tracheostomy tube placement for Black patients and lower palliative care consultation. This visually demonstrates the association of levels of segregation and disparities some aspects of end-of-life care.




TABLE 3 Odds Ratios for treatment, functional outcomes, morality, and end-of-life care by high versus low D index Region.
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Discussion

We observed Black patients nationally underwent treatment at a slightly higher rate—and despite worse functional outcomes, Black patients were less likely to have inpatient mortality than White patients following aSAH. While the higher rate of treatment and lower mortality would at first seem to represent a positive finding, it must be taken in context. Black patients were more likely on the national level to have tracheostomy tube placement, gastrostomy tube placement, and receive blood transfusion. Black patients were less likely to have palliative care involvement or code status changed to DNR. These findings reflect a disparity in end-of-life care in that Black patients have a lower mortality and higher treatment rate because they are undergoing more life-sustaining care and less palliation in situations where the outcomes are worse. Cruz-Flores et al. report similar findings in a NIS study on intra-cerebral hemorrhages (ICH) that demonstrated Black patients with ICH are more likely to utilize lifesaving (surgical intervention), life prolonging (mechanical ventilation, tracheostomy tube, gastrostomy tube, and blood transfusions) interventions, and less likely to receive palliative and hospice care compared to White patients. These findings are posited to reflect a lower likelihood of mortality for Black patients with ICH (32).

Several explanatory factors have been cited for this global disparity within healthcare in aggressive end-of-life care (33–35). One factor is implicit bias, which refers to unconscious attitudes and stereotypes that can influence medical decision-making. Research has shown that healthcare professionals, including doctors, may hold implicit biases that contribute to perceiving Black patients as having less sensitive nerve endings and thicker skin, or feeling less empathy toward their pain, leading to the belief that they can tolerate more aggressive treatments (35, 36). Additionally, historical mistrust stemming from past instances of medical mistreatment and experimentation on Black communities can create a fear of being under-treated, prompting both patients and healthcare providers to opt for more aggressive interventions (37–39). Furthermore, disparities in access to quality healthcare and socioeconomic factors, such as limited health insurance coverage and fewer healthcare resources in predominantly Black communities, can contribute to delayed or inadequate care requiring more aggressive interventions for more severe conditions at the time of clinical presentation (40–43).

Cultural and religious considerations are pivotal in healthcare decisions, especially at the end of life. A study examining advanced cancer patients revealed that those whose spiritual needs were met by their healthcare team were more inclined to utilize hospice services and less likely to seek aggressive treatments, underscoring the significance of spirituality in these decisions (44). Interestingly, this finding was not race-specific. In contrast, a study focusing specifically on race found that while religiosity influenced the use of DNR orders among White cancer patients, it did not hold the same sway for Black patients (45). Additionally, no study to date demonstrates that Black patients rely more heavily on religious guidance than White patients when making end-of-life choices. This points to a crucial insight: while spiritual beliefs are indeed a factor, they do not singularly drive the decision-making process within the Black community, which is marked by a rich diversity of beliefs and practices shaped by personal, familial, and regional distinctions. Overstating the role of culture and religion may risk simplifying the complex interplay of influences on healthcare outcomes and divert attention from systemic barriers such as structural racism and healthcare inequities. Therefore, it’s essential to view cultural and religious beliefs as part of a wider array of determinants that collectively influence healthcare outcomes, rather than as isolated or predominant factors.

While our study found that disparities are present throughout every geographic location in the country, some regions had much higher disparities. Black patients in the Northeast (New England and Middle Atlantic) and West (Mountain and Pacific) tend to have greater disparities in life-sustaining interventions, use of palliative care, and DNR status. The South Atlantic division had the least disparities. Various factors may contribute to the observed regional variances. In this study, we demonstrated the association between disparities and segregation in treatment facilities by elucidating a relationship with disparities in treatment and clinical outcome. Segregation between Black and White patients with aSAH was greatest in regions with the largest disparities, i.e., Northeast and West. When comparing high and low segregation, more segregated regions were associated with worse functional outcomes and a lower likelihood of mortality, but notably higher likelihood of tracheostomy tube placement and decreased utilization of palliative care services.

The persistence of segregation for Black patients in treatment facilities is an amalgam of a complex interplay of historical, social, and systemic factors. Deep-rooted racial biases, discriminatory practices, and structural inequalities have perpetuated the unequal distribution of resources and opportunities within the healthcare system (46–48). Historical patterns of racial segregation, such as redlining and discriminatory housing practices, have led to the concentration of Black populations in marginalized neighborhoods with limited access to quality healthcare facilities (46–48). This spatial segregation, combined with socioeconomic disparities and inadequate healthcare infrastructure, has created barriers to equal treatment and access to care for Black individuals (49–52). Additionally, implicit biases and stereotypes among healthcare providers may contribute to differential treatment and perpetuate disparities in the delivery of healthcare services (53). Furthermore, Black patients seeking care are less likely to be transferred to a different treatment facility compared to White patients, including patients being treated for aSAH (54, 55).

To bridge the healthcare gap and combat systemic barriers, a comprehensive strategy is vital for ensuring equitable access to treatment for Black individuals, thus reducing disparities. This begins with healthcare systems conducting in-depth evaluations of facility placement and service availability, especially in highly segregated areas. Such assessments should aim to uncover and rectify care deficiencies, potentially through the strategic establishment of new facilities or the enhancement of services in existing ones within underserved Black communities.

Furthermore, forging partnerships with community organizations can improve healthcare system navigation for Black patients. Continuous bias training for healthcare providers is imperative, fostering an environment of ongoing education to combat unconscious biases that may influence patient care. In addition to this, it is crucial for healthcare professionals to embrace shared decision-making, honoring the cultural and individual preferences of Black patients, with a keen focus on end-of-life care choices. Policy reform should also focus on decentralizing high-quality care, ensuring a fair distribution of medical resources and enhancing patient transfer protocols, so that every patient, regardless of race, has access to the best possible care. Finally, culturally sensitive public health initiatives are necessary. These should provide education and resources that resonate with the Black community’s varied values and beliefs, particularly around end-of-life care. Public health campaigns can also play a role in raising awareness about the benefits of advance care planning within these communities. By implementing these steps, we can begin dismantling the deep-rooted barriers contributing to healthcare disparities, paving the way for a future where equitable care is not an ideal, but a reality for all patients.


Limitations

Our study, while contributing important findings, is subject to several notable limitations that should be considered. A primary limitation stems from the nature of the NIS data source. Since 2012, the NIS no longer provides specific hospital names or identifiers, limiting our ability to assess the impact of individual hospital characteristics on treatment outcomes. This absence of detailed identifiers could potentially affect the external validity of our findings, as it restricts our capacity to generalize results to specific types of hospitals or geographical locations.

Furthermore, while the NIS offers a vast array of data, it primarily consists of administrative records. This reliance on administrative data can lead to a lack of nuanced clinical details and may introduce inaccuracies due to coding errors. Additionally, the large sample sizes typical of NIS data, though beneficial for statistical power, do not inherently imply clinical significance. In cases where statistical differences do not reflect clinically meaningful distinctions, the practical applicability of our findings may be limited. Hence, interpretations of our results should be made with an understanding that both statistical and clinical significance are crucial for drawing comprehensive and applicable conclusions.




Conclusion

Nationally and regionally, our study found that Black patients undergoing aSAH treatment are more frequently subjected to life-sustaining interventions such as tracheostomy, gastrostomy, and blood transfusions, yet they receive less palliative care and fewer code status changes to DNR. This occurs despite them experiencing poorer functional outcomes, highlighting a significant disparity in treatment approaches and end-of-life care decisions Notably, the Northeast and West regions exhibited the most significant treatment disparities, correlating with the highest levels of racial segregation in healthcare facilities, while the South Atlantic division showed the least. This pattern suggests that areas with higher segregation see more pronounced disparities in both treatment and clinical outcomes.


Previous presentation/publication

The abstract was presented at the Congress of Neurological Surgeons (CNS) annual meeting in September 2023 and awarded the CNS foundation diversity, equity, and inclusion abstract award for 2023. No parts of this study have otherwise been presented or published elsewhere.




Data availability statement

The original contributions presented in the study are included in the article/Supplementary materials, further inquiries can be directed to the corresponding author/s.



Author contributions

J-LK: Writing – review & editing, Writing – original draft, Visualization, Validation, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. LF: Visualization, Software, Resources, Investigation, Formal analysis, Writing – review & editing, Validation, Methodology, Data curation. AB: Writing – original draft, Visualization. FD: Data curation, Writing – review & editing, Visualization, Validation. MB: Writing – review & editing, Validation, Writing – original draft, Visualization. AH: Writing – review & editing, Visualization, Validation. AR: Software, Methodology, Formal analysis, Conceptualization, Writing – review & editing, Visualization, Validation, Data curation. JP: Supervision, Writing – review & editing, Visualization, Validation. KE: Writing – original draft, Conceptualization, Writing – review & editing, Validation, Supervision. PC: Writing – original draft, Supervision. SE: Writing – review & editing, Validation, Project administration, Methodology, Data curation, Conceptualization, Supervision.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1341212/full#supplementary-material



References

 1. Bleich, SN, Findling, MG, Casey, LS, Blendon, RJ, Benson, JM, Steel Fisher, GK , et al. Discrimination in the United States: experiences of black Americans. Health Serv Res. (2019) 54:1399–408. doi: 10.1111/1475-6773.13220 

 2. Wheeler, SM, and Bryant, AS. Racial and ethnic disparities in health and health care. Obstet Gynecol Clin N Am. (2017) 44:1–11. doi: 10.1016/j.ogc.2016.10.001

 3. Horbar, JD, Edwards, EM, Greenberg, LT, Profit, J, Draper, D, Helkey, D , et al. Racial segregation and inequality in the neonatal intensive care unit for very low-birth-weight and very preterm infants. JAMA Pediatr. (2019) 173:455–61. doi: 10.1001/jamapediatrics.2019.0241 

 4. Sarrazin, MS, Campbell, ME, Richardson, KK, and Rosenthal, GE. Racial segregation and disparities in health care delivery: conceptual model and empirical assessment. Health Serv Res. (2009) 44:1424–44. doi: 10.1111/j.1475-6773.2009.00977.x 

 5. Snyder, JE, Upton, RD, Hassett, TC, Lee, H, Nouri, Z, and Dill, M. Black representation in the primary care physician workforce and its association with population life expectancy and mortality rates in the US. JAMA Netw Open. (2023) 6:e236687. doi: 10.1001/jamanetworkopen.2023.6687 

 6. Jha, AK, Orav, EJ, Li, Z, and Epstein, AM. Concentration and quality of hospitals that care for elderly black patients. Arch Intern Med. (2007) 167:1177–82. Erratum in: Arch Intern Med. doi: 10.1001/archinte.167.11.1177

 7. Austin, AM, Carmichael, DQ, Bynum, JPW, and Skinner, JS. Measuring racial segregation in health system networks using the dissimilarity index. Soc Sci Med. (2019) 240:112570. doi: 10.1016/j.socscimed.2019.112570 

 8. Mayne, SL, Yellayi, D, Pool, LR, Grobman, WA, and Kershaw, KN. Racial residential segregation and hypertensive disorder of pregnancy among women in Chicago: analysis of electronic health record data. Am J Hypertens. (2018) 31:1221–7. doi: 10.1093/ajh/hpy112 

 9. Schievink, WI, Riedinger, M, Jhutty, TK, and Simon, P. Racial disparities in subarachnoid hemorrhage mortality: Los Angeles County, California, 1985-1998. Neuroepidemiology. (2004) 23:299–305. doi: 10.1159/000080096 

 10. Rivero Rodríguez, D, Scherle Matamoros, C, Cúe, LF, Miranda Hernández, JL, Pernas Sánchez, Y, and Pérez, NJ. Predictor's of mortality in patients with aneurysmal subarachnoid haemorrhage and reebleding. Neurol Res Int. (2015) 2015:545407. doi: 10.1155/2015/545407 

 11. Zacharia, BE, Grobelny, BT, Komotar, RJ, Sander Connolly, E, and Mocco, J. The influence of race on outcome following subarachnoid hemorrhage. J Clin Neurosci. (2010) 17:34–7. doi: 10.1016/j.jocn.2009.05.015 

 12. Northridge, ME, Kumar, A, and Kaur, R. Disparities in access to Oral health care. Annu Rev Public Health. (2020) 41:513–35. doi: 10.1146/annurev-publhealth-040119-094318 

 13. Phelan, JC, Link, BG, and Tehranifar, P. Social conditions as fundamental causes of health inequalities: theory, evidence, and policy implications. J Health Soc Behav. (2010) 51:S28–40. doi: 10.1177/0022146510383498 

 14. Fitz Gerald, C, and Hurst, S. Implicit bias in healthcare professionals: a systematic review. BMC Med Ethics. (2017) 18:19. doi: 10.1186/s12910-017-0179-8 

 15. Churchwell, K, Elkind, MSV, Benjamin, RM, Carson, AP, Chang, EK, Lawrence, W , et al. Call to action: structural racism as a fundamental driver of health disparities: a presidential advisory from the American Heart Association. Circulation. (2020) 142:e454–68. doi: 10.1161/CIR.0000000000000936 

 16. Beck, AF, Edwards, EM, Horbar, JD, Howell, EA, McCormick, MC, and Pursley, DM. The color of health: how racism, segregation, and inequality affect the health and well-being of preterm infants and their families. Pediatr Res. (2020) 87:227–34. doi: 10.1038/s41390-019-0513-6 

 17. Halperin, EC. Desegregation of hospitals and medical societies in North Carolina. N Engl J Med. (1988) 318:58–63. doi: 10.1056/NEJM198801073180127 

 18. Smith, DB. Addressing racial inequities in health care: civil rights monitoring and report cards. J Health Polit Policy Law. (1998) 23:75–105. doi: 10.1215/03616878-23-1-75 

 19. Smith, DB. The politics of racial disparities: desegregating the hospitals in Jackson. Mississippi Milbank Q. (2005) 83:247–69. doi: 10.1111/j.1468-0009.2005.00346.x 

 20. Himmelstein, G, Ceasar, JN, and Himmelstein, KE. Hospitals that serve many black patients have lower revenues and profits: structural racism in hospital financing. J Gen Intern Med. (2023) 38:586–91. doi: 10.1007/s11606-022-07562-w 

 21. Taravella, S. Black hospitals struggle to survive. Mod Healthc. (1990) 26:26–33. doi: 10.7882/AZ.1990.003

 22. Gross, LS. Louis may close black-run hospital, leaving inner city residents without facility. Hosp Physician. (1978) 14:45, 47.

 23. Kabangu, JK, Fry, L, Bhargav, AG, Heskett, C, Eden, SV, Peterson, JC , et al. Race and socioeconomic disparities in mortality and end-of-life care following aneurysmal subarachnoid hemorrhage. J Neurointerv Surg. (2023):jnis-2023-020913. doi: 10.1136/jnis-2023-020913 

 24. Washington, CW, Derdeyn, CP, Dacey, RG Jr, Dhar, R, and Zipfel, GJ. Analysis of subarachnoid hemorrhage using the Nationwide inpatient sample: the NIS-SAH severity score and outcome measure. J Neurosurg. (2014) 121:482–9. doi: 10.3171/2014.4.JNS131100 

 25. Salem, MM, Maragkos, GA, Gomez-Paz, S, Ascanio, LC, Ngo, LH, Ogilvy, CS , et al. Trends of ruptured and Unruptured aneurysms treatment in the United States in post-ISAT era: a National Inpatient Sample Analysis. J Am Heart Assoc. (2021) 10:e016998. doi: 10.1161/JAHA.120.016998 

 26. Suolang, D, Chen, BJ, Wang, NY, Gottesman, RF, and Faigle, R. Geographic and regional variability in racial and ethnic disparities in stroke thrombolysis in the United States. Stroke. (2021) 52:e782–7. doi: 10.1161/STROKEAHA.121.035220 

 27. Rawal, S, Rinkel, GJE, Fang, J, Washington, CW, Macdonald, RL, Victor, JC , et al. External validation and modification of Nationwide inpatient sample subarachnoid hemorrhage severity score. Neurosurgery. (2021) 89:591–6. doi: 10.1093/neuros/nyab237 

 28. Poulson, MR, Helrich, SA, Kenzik, KM, Dechert, TA, Sachs, TE, and Katz, MH. The impact of racial residential segregation on prostate cancer diagnosis and treatment. BJU Int. (2021) 127:636–44. doi: 10.1111/bju.15293

 29. Poulson, MR, Beaulieu-Jones, BR, Kenzik, KM, Dechert, TA, Ko, NY, Sachs, TE , et al. Residential racial segregation and disparities in breast cancer presentation, treatment, and survival. Ann Surg. (2021) 273:3–9. doi: 10.1097/SLA.0000000000004451 

 30. Mack, DS, Jesdale, BM, Ulbricht, CM, Forrester, SN, Michener, PS, and Lapane, KL. Racial segregation across U.S. nursing homes: a systematic review of measurement and outcomes. Gerontologist. (2020) 60:e218–31. doi: 10.1093/geront/gnz056 

 31. Von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, Vandenbroucke, JP , et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet. (2007) 370:1453–7. doi: 10.1016/S0140-6736(07)61602-X 

 32. Cruz-Flores, S, Rodriguez, GJ, Chaudhry, MRA, Qureshi, IA, Qureshi, MA, Piriyawat, P , et al. Racial/ethnic disparities in hospital utilization in intracerebral hemorrhage. Int J Stroke. (2019) 14:686–95. doi: 10.1177/1747493019835335 

 33. Mayeda, DP, and Ward, KT. Methods for overcoming barriers in palliative care for ethnic/racial minorities: a systematic review. Palliat Support Care. (2019) 17:697–706. doi: 10.1017/S1478951519000403 

 34. Hopkins, TJ. Patients are more satisfied with care from doctors of same race. BMJ. (2002) 325:1057c. doi: 10.1136/bmj.325.7372.1057/c

 35. Lee, P, Le Saux, M, Siegel, R, Goyal, M, Chen, C, Ma, Y , et al. Racial and ethnic disparities in the management of acute pain in US emergency departments: meta-analysis and systematic review. Am J Emerg Med. (2019) 37:1770–7. doi: 10.1016/j.ajem.2019.06.014 

 36. Hoffman, KM, Trawalter, S, Axt, JR, and Oliver, MN. Racial bias in pain assessment and treatment recommendations, and false beliefs about biological differences between blacks and whites. Proc Natl Acad Sci U S A. (2016) 113:4296–301. doi: 10.1073/pnas.1516047113 

 37. Scharff, DP, Mathews, KJ, Jackson, P, Hoffsuemmer, J, Martin, E, and Edwards, D. More than Tuskegee: understanding mistrust about research participation. J Health Care Poor Underserved. (2010) 21:879–97. doi: 10.1353/hpu.0.0323 

 38. Lacks, H. Science must right a historical wrong. Nature. (2020) 585:7. doi: 10.1038/d41586-020-02494-z 

 39. Cuevas, AG, O'Brien, K, and Saha, S. African American experiences in healthcare: "I always feel like I'm getting skipped over". Health Psychol. (2016) 35:987–95. doi: 10.1037/hea0000368

 40. Ko, NY, Hong, S, Winn, RA, and Calip, GS. Association of Insurance Status and Racial Disparities with the detection of early-stage breast Cancer. JAMA Oncol. (2020) 6:385–92. doi: 10.1001/jamaoncol.2019.5672 

 41. Dickman, SL, Gaffney, A, McGregor, A, Himmelstein, DU, McCormick, D, Bor, DH , et al. Trends in health care use among black and white persons in the US, 1963-2019. JAMA Netw Open. (2022) 5:e2217383. doi: 10.1001/jamanetworkopen.2022.17383 

 42. Caraballo, C, Ndumele, CD, Roy, B, Lu, Y, Riley, C, Herrin, J , et al. Trends in racial and ethnic disparities in barriers to timely medical care among adults in the US, 1999 to 2018. JAMA Health Forum. (2022) 3:e223856. doi: 10.1001/jamahealthforum.2022.3856 

 43. Esnaola, NF, and Ford, ME. Racial differences and disparities in cancer care and outcomes: where's the rub? Surg Oncol Clin N Am. (2012) 21:417–37. doi: 10.1016/j.soc.2012.03.012 

 44. Balboni, TA, Paulk, ME, Balboni, MJ, Phelps, AC, Loggers, ET, Wright, AA , et al. Provision of spiritual care to patients with advanced cancer: associations with medical care and quality of life near death. J Clin Oncol. (2010) 28:445–52. doi: 10.1200/JCO.2009.24.8005.20008625 

 45. Garrido, MM, Harrington, ST, and Prigerson, HG. End-of-life treatment preferences: a key to reducing ethnic/racial disparities in advance care planning? Cancer. (2014) 120:3981–6. doi: 10.1002/cncr.28970.25145489 

 46. Bryant-Stephens, TC, Strane, D, Robinson, EK, Bhambhani, S, and Kenyon, CC. Housing and asthma disparities. J Allergy Clin Immunol. (2021) 148:1121–9. doi: 10.1016/j.jaci.2021.09.023 

 47. Erikson, CE, Dent, RB, Park, YH, and Luo, Q. Historic redlining and contemporary behavioral health workforce disparities. JAMA Netw Open. (2022) 5:e229494. doi: 10.1001/jamanetworkopen.2022.9494 

 48. Poulson, MR, Kenzik, KM, Singh, S, Pavesi, F, Steiling, K, Litle, VR , et al. Redlining, structural racism, and lung cancer screening disparities. J Thorac Cardiovasc Surg. (2022) 163:1920–1930.e2. doi: 10.1016/j.jtcvs.2021.08.086 

 49. Caldwell, JT, Ford, CL, Wallace, SP, Wang, MC, and Takahashi, LM. Racial and ethnic residential segregation and access to health care in rural areas. Health Place. (2017) 43:104–12. doi: 10.1016/j.healthplace.2016.11.015 

 50. Dinwiddie, GY, Gaskin, DJ, Chan, KS, Norrington, J, and McCleary, R. Residential segregation, geographic proximity and type of services used: evidence for racial/ethnic disparities in mental health. Soc Sci Med. (2013) 80:67–75. doi: 10.1016/j.socscimed.2012.11.024 

 51. Lee, H, Caldwell, JT, Maene, C, Cagney, KA, and Saunders, MR. Racial/ethnic inequities in access to high-quality Dialysis treatment in Chicago: does neighborhood racial/ethnic composition matter? J Racial Ethn Health Disparities. (2020) 7:854–64. doi: 10.1007/s40615-020-00708-8 

 52. Kabangu, JK, Newsome-Cuby, T, Hernandez, A, Joseph, B, Dugan, J, Fowler, D , et al. The role of county-level persistent poverty in stroke mortality in the USA. J Racial Ethn Health Disparities. (2024). doi: 10.1007/s40615-024-01981-7 

 53. Chapman, EN, Kaatz, A, and Carnes, M. Physicians and implicit bias: how doctors may unwittingly perpetuate health care disparities. J Gen Intern Med. (2013) 28:1504–10. doi: 10.1007/s11606-013-2441-1 

 54. Roark, C, Case, D, Gritz, M, Hosokawa, P, Kumpe, D, Seinfeld, J , et al. Nationwide analysis of hospital-to-hospital transfer in patients with aneurysmal subarachnoid hemorrhage requiring aneurysm repair. J Neurosurg. (2018) 131:1254–61. doi: 10.3171/2018.4.JNS172269 

 55. Gurwitz, JH, Goldberg, RJ, Malmgren, JA, Barron, HV, Tiefenbrunn, AJ, Frederick, PD , et al. Hospital transfer of patients with acute myocardial infarction: the effects of age, race, and insurance type. Am J Med. (2002) 112:528–34. doi: 10.1016/s0002-9343(02)01072-0 


Copyright
 © 2024 Kabangu, Fry, Bhargav, De Stefano, Bah, Hernandez, Rouse, Peterson, Ebersole, Camarata and Eden. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1341212-t003.jpg
Treatment NIs-soM

Mortality

95% Cl

p-value

075

091

0.68-0.83

0.82-1.00

Gastrostomy
95% Cl

<0.001

0.044

p-value

168

162

146-1.93

112-2.36

Transfusions

95% CI

<0.001

0011

p-value

95% Cl p-value 95% Cl p-value
High D index 102 092114 0.689 115 1.04-1.29 0.008
Region
Low D index 114 103-126 0010 107 097-119 0.181
Region

Mechanical ventilation Tracheostomy
OR 95% ClI p-value OR 95% ClI p-value
High D index 110 0.65-185 0725 187 159-2.21 <0.001
Region
Low D index 144 0.85-2.46 0.180 145 122173 <0.001
Region
Palliative care Do not resuscitate

95% ClI p-value OR 95% CI p-value
High D index 067 0.59-077 <0.001 0.6 059-075 <0.001
Region
Low D index 088 0.76-0.93 <0.001 0.68 0.61-0.77 <0.001
Region

The bold values represent statistically significant values.

149

124-179

120-1.74

<0.001

<0.001





OPS/images/fpubh-12-1341212-t001.jpg
Characteristic White Black

z
e ngand o | s | o | 2 |

‘West South Central 10,365 9 3,420 12
Pacific 14,315 13 2,300 8
Coronary artery discase 18,290 16 2985 10
o oo e
Obesit 11 4,510 s

Congestive heart failure 14375 13 4,535 16
Admission GCS <8 4635 4 1,280 4
Small 105550 9 2,565 9

Large 77,585 69 19,865 68
Medicare 60395 53 11555 40

Private insurance 33,380 30

No charge 20 020 175





OPS/images/fpubh-12-1341212-t002.jpg
Treatment NIS-SOM
Region OR 95% Cl p-value OR 95% Cl p-value

Middle Atlantic ;i 0.94-1.43 £ 1.04-155

West North Central X 0.70-1.54 X 0.54-1.48

East South Central 124-188 g 0.88-1.47

Mountain X X 0.60-1.31

National R 102-118 102-119
Mortality Mechanical ventilation
Region OR 95% ClI p-value [e]33 95% ClI p-value

East South Central .63 047-0.84

Mountain 067 0.36-1.22 0.188 17 0.51-5.67 039

National 081 <0.001 13 0.89-1.89 0172
Tracheostomy Gastrostomy
Region OR 95% Cl p-value [o]33 95% ClI p-value

Middle Atlantic i 127-243 X ¥ 143-251

West North Central 3 5 089-2.54

East South Central X 110.-235 % 083-3.49

Mountain .95 0.93-4.06 X 0.49-1.96

National ¥ 1.48-1.89
Transfusions Palliative care

Region OR 95% Cl p-value OR 95% Cl p-value
Middle Atlantic 161 | L9220 <0.001 078 0.61-1.01 0,059
West North Central 238 095595 0,064 076 0.46-123 0.261
East South Central 174 1.06-2.86 0.029 059 0.43-0.80 0.001
Mountain 181 0.83-395 0135 0.57 032-1.02 0059
National 149 130-1.70 <0.001 0.69 0.63-075 <0.001

Do not resuscitate

Region OR 95% Cl p-value
Middle Atlantic 075 0.59-0.96 0.02
West North Central 071 0.46-1.09 0.116
East South Central 0.55 0.42-0.73 <0.001
Mountain 0.52 0.30-0.91 0.019

National 0.66 0.61-0.72 <0.001

15-SOM, National Inpatient Sample subarachnoid hemorrhage outcomes measure. Treatment refers o patients receiving aneurysm securement via surgical clipping or endovascular cofling.

 bold values represent satistically significant values,





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of geographical disparities and segregation in regional treatment facilities for Black patients with aneurysmal subarachnoid hemorrhage in the United States



		Introduction



		Methods



		Data source



		Population



		Outcomes and covariates



		Measure of segregation



		Statistical analysis









		Results



		Regional disparities in treatment, functional outcomes, and mortality



		Geographical variance in disparities in end-of-life care



		Association of racial segregation in regional treatment facility with disparities









		Discussion



		Limitations









		Conclusion



		Previous presentation/publication









		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1341212-g001.jpg
p=gXi=t g

Region 1:
Hospna] 1 Hospital 3
wi=10
Hospital 2 bi =50
wi= 40
=60
Hospital 4 Hospital 5
wi =100 wi =100
=10






OPS/images/fpubh-12-1341212-g002.jpg
Dissimilarity index

"’ Powered by Bing
© GeoMamss, Micret, TamTom

Tracheostomy tube placement

Pomered by Bing.
® GooNames, Micresaft, TamTem

Palliative Care

Powered by bing
© GeaNames, Micreaoft, TamTom

OR

0.39

0.42





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Association of geographical
disparities and segregation in
regional treatment facilities for
Black patients with aneurysmal
subarachnoid hemorrhage in the
United States












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






