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Racist and discriminatory federal, state, and local housing policies significantly contribute to disparities in cardiovascular disease incidence and mortality for individuals that self-identify as Black or African American. Here we highlight three key housing policies – “redlining,” zoning, and the construction of highways – which have wrought a powerful, sustained, and destructive impact on cardiovascular health in Black/African American communities. Redlining and highway construction policies have restricted access to quality health care, increased exposure to carcinogens such as PM2.5, and increased exposure to extreme heat. At the root of these policy decisions are longstanding, toxic societal factors including racism, segregation, and discrimination, which also serve to perpetuate racial inequities in cardiovascular health. Here, we review these societal and structural factors and then link them with biological processes such as telomere shortening, allostatic load, oxidative stress, and tissue inflammation. Lastly, we focus on the impact of inflammation on the immune system and the molecular mechanisms by which the inflamed immune microenvironment promotes the formation of atherosclerotic plaques. We propose that racial residential segregation and discrimination increases tissue inflammation and cytokine production, resulting in dysregulated immune signaling, which promotes plaque formation and cardiovascular disease. This framework has the power to link structural racism not only to cardiovascular disease, but also to cancer.
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INTRODUCTION

Structural racism is the “the normalization and legitimization of an array of dynamics – historical, cultural, institutional, and interpersonal – that routinely advantage non-Latino Whites while producing cumulative and chronic adverse outcomes for people of color” (1). Structural racism leads to unequal access to goods, services, and opportunities and underlies persistent health disparities in the United States (2). On November 10, 2020, the American Heart Association (AHA) issued a call to action. In this address, the AHA declared structural racism a key cause of premature death from cardiovascular disease (3) and called for change through strategic goals and increased focus on health equity (3).

The first scientific studies on health disparities showed that there were wide disparities in health (4, 5). These studies showed that Black/African Americans had earlier onset of disease, a more aggressive disease course, and worse survival compared to non-Latino Whites (6). These outcome differences persisted after adjusting for socioeconomic status (SES) (7). At every income and education level, Black/African Americans have a lower life expectancy than Whites (7). Recent scientific studies have identified many mechanisms by which structural, cultural, and individual racism can negatively impact health (5).

There is substantial evidence that racial discrimination is an important factor undermining the health of Black/African American men and women relative to Whites (2, 4, 5, 8, 9). For instance, the work of Lukachko et al. showed that structural racism increased the reported incidence of myocardial infarction in Black/African American men and women (9).

Although heart disease has declined over the past 50 years (10), the rate of decline has been significantly faster for non-Latino Whites than for Black/African Americans (10, 11). The Center for Disease Control (CDC) reported in 2017 that for Black/African Americans, the age-adjusted death rate for heart disease was 208 per 100,000, compared to 169 for non-Latino Whites (12). Many factors are responsible for these Black versus White cardiovascular disease disparities. In this review, we aim focus on how racist and discriminatory housing policies impact biological processes that increase cardiovascular disease (Figure 1).
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FIGURE 1. Linking slavery, racism, and discrimination on disparities in the incidence and outcomes cardiovascular disease in Black/African American individuals.




HISTORICAL CONTEXT – LEGACY OF SLAVERY AND JIM CROW

Racism and discrimination have deep roots in the United States. The legacy of slavery and subsequent Jim Crow Laws have had a profound and lasting impact on the wealth, welfare, and health of Black/African American citizens. For a review, please see Churchwell et al. (3). In 1787, the newly formed United States, formally enslaved Black/African Americans and denied them all human rights. While not all states practiced slavery, the Fugitive Slave Act of 1859 allowed bounty hunters to kidnap former slaves seeking freedom in northern states and imposed stiff penalties on individuals aiding escaped slaves (13). The American Civil War brought emancipation to Black/African American slaves. However, the practices and codes of Southern states forced newly emancipated Black/African American individuals to work for little or no wages (3). In 1866, the Civil Rights Act gave Black/African American individuals limited property rights protection but not the right to vote or hold office. Meanwhile, these new legal protections fueled the paranoia of White supremacists, who enacted Jim Crow Laws and joined the Ku Klux Klan (14). These codes, laws, and discriminatory organizations form the basis of structural racism today and have long-acting consequences on housing, access, and health.

A landmark paper by Kramer et al. demonstrated the impact of slavery on heart disease mortality today (10). This study showed that Black/African Americans living in geographic regions of the United States with a historical legacy of slavery had worse survival from cardiovascular disease and fewer improvements in disease survival compared to geographic regions that didn’t practice slavery (10).



POLICIES OF THE 1920’S TO TODAY – RACISM MANIFESTED AS NATIONAL, STATE, AND LOCAL POLICY DECISIONS THAT IMPACT HOUSING

Racism is a social system organized by a dominant racial group, who make decisions based on a flawed ideology of inferiority (5, 15, 16). Through this faulty logic, the dominant majority acts to categorize and rank individuals and use its power to unequally allocate resources and opportunities to the group they define as inferior (5). Race is a social category, based on nationality, ethnicity, or physical characteristics (15). Racism affects individuals through multiple policy levels – national, state, and local (Figure 2) (5). Here we review housing policies that have had some of the most profound and sustained impact on cardiovascular health for Black/African American individuals living in the United States.
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FIGURE 2. The impact of racist and discriminatory housing policies, disparities, biological processes on the risk for, the age of onset, and mortality experienced by Black/African American individuals from cardiovascular disease.



Redlining of Black/African American Neighborhoods

The term “redlining” originally referred to a line in red ink that lenders placed on city maps around neighborhoods that were considered high-risk for mortgage default. “High-risk” neighborhoods were inevitably Black/African American or Latino/Hispanic. Today the term redlining refers to the systematic denial of services to residents of communities based on race and/or ethnicity. While refusals of home or business loans and insurance are the best-known examples of redlining, other services are subject to redlining including health care, grocery stores, and parks.

Redlining in the United States first took shape in the 1920’s (17–20). Maps outlined neighborhoods in four colors: green (Type A) were considered “most desirable” for lending, blue (Type B) were “still desirable,” yellow (Type C) were “declining,” and the “most-risky” neighborhoods were outlined in red (Type D). Type D, or “redlined,” areas were most frequently Black/African American neighborhoods (17–20). In order to receive FHA loan insurance (21, 22), lenders had to preferentially make loans for homes that resided in Type A or Type B neighborhoods and deny loans for home in Type D neighborhoods. The impact of this policy was devastating. Between 1945 and 1959, less than 2% of federally insured loans were granted to Black/African Americans (23–25).

Redlining resulted in the isolation and decay of Black/African American neighborhoods, particularly in inner cities (26). Neighborhoods deteriorated because families could not obtain loans to purchase houses. Families left for the suburbs. Since schools are financed by property taxes, the schools also declined in parallel with the neighborhoods (26). Unjust federal lending laws of the past also created unequal access to groceries and safe places to exercise, since grocery stores and parks were less likely to be located in redlined neighborhoods (27, 28). Despite anti-redlining laws, home loan applications continue to be denied because of race or ethnicity.



Highways – “White Man’s Roads Through Black Men’s Homes”

In 1956, the Eisenhower Administration spearheaded the passage of the Federal-Aid Highway Act (29–31), the purpose of which was to build our nation’s interstate highway system. The interstates were primarily intended to bolster national defense but also ushered in a new era of automobiles and mobility. While cars reduced reliance on public transportation – and its linked discriminatory policies, particularly in the South – the building of our nation’s highways resulted in the destruction of many thriving Black/African American neighborhoods (29).

Under the pretense of “slum removal” and “urban renovation,” national and local planners routed highways through communities of color. Vibrant Black/African American neighborhoods were destroyed throughout the United States in cities such as Charlotte, Flint, Pittsburgh, and Los Angeles (29). In some places, entire Black/African American communities were destroyed. In other places, highways served to separate Black/African American and non-Latino White neighborhoods.

Many times, these urban planning decisions were made at the request of White residents who wanted to maintain segregation. The impact was financially devastating and persists to this day (29). The nation’s highways, while built in the 1950’s, remain an enduring example of structural racism.



Zoning

In 1917, the Supreme Court overturned Louisville, Kentucky’s racial zoning ordinances in a case called Buchanan v. Warley (26). The Supreme Court ruled that racial zoning ordinances “interfered with the right of a property owner to sell to whomever he pleased” (26).

Yet, many places found ways to circumvent this ruling (26). States could follow the Buchanan decision by using “designation use” zoning – for instance, residential versus industrial zoning – to perpetuate racial segregation. Black/African American neighborhoods were zoned as “industrial,” meaning their homes could be divided into apartments, while non-Latino White neighborhoods were zoned as “single family residence,” meaning these homes could not be legally subdivided (26). Industrial zoning designation also permitted the building of factories and power plants within Black/African American neighborhoods and markedly increased exposure of Black/African Americans to carcinogens, industrial waste, soot, and air pollution (26). Zoning ordinances, independent of redlining, greatly contributed to the destruction of Black/African American neighborhoods and have played an important role in promoting cardiovascular disease, as well as cancer, due to increased exposure to a type of air pollution called PM2.5 (32).



Impact of Neighborhood and Housing Policy Decisions on Cardiovascular Risk Factors

National, state, and local policies including redlining, highway construction, and zoning have had a significant and long-lasting effect on the cardiovascular health of Black/African American individuals (Figures 1, 2). Redlining has a profound impact on the ability of Black/African Americans to live in safe neighborhoods with access to grocery stores and high-quality health care. Lack of spaces to exercise makes it difficult to prevent obesity, hypertension, and cardiovascular disease. Lack of grocery stores increases reliance on fast food and convenience stores, which in turn increases the risk of obesity, hypertension, and type-2 diabetes. Lack of access to primary care physicians means that chronic illnesses go untreated or undetected, leading to more emergency room visits and death (3, 33). A study of census tracts in New York City in 2020 showed that historically redlined neighborhoods have higher rates of obesity and lower rates of health insurance (33, 34). A study by Mujahid et al. recently investigated, in the Multi-Ethnic Study of Atherosclerosis, the link between historic redlining and cardiovascular health (35). This study found evidence that living in historically redlined neighborhoods was associated with poor cardiovascular health, but only in Black/African American individuals (35). This study underscores the importance of further mechanistic work, including the impact of early life exposures on cardiovascular health.

Compounding these structural inequities is climate change. Extreme heat conditions have now become the norm and further threaten cardiovascular health for residents of formerly redlined neighborhoods (36). Throughout the United States, these neighborhoods experience significantly higher temperatures than neighborhoods that were previously designated “most desirable” for real estate loans (36). Temperature differentials experienced by formerly redlined neighborhoods correlate with a prevalence of impervious surface area and a lack of trees, water, and greenspace. High temperatures also worsen the impact of air pollution on health (36). As global warming continues to worsen, this only deepens the argument for the importance of community investment, greenspace, and parks in formerly redlined neighborhoods.

Highway placement also is an important driver of health. As highways have become increasingly congested, Black/African American neighborhoods are exposed to ever higher levels of harmful air pollution, including PM2.5 (fine particulate matter <2.5 microns in diameter) (32). Exposure to PM2.5 directly increases the risk of cardiovascular disease, type-2 diabetes, cancer, and death (32). Current evidence shows that PM2.5 initiates inflammation and oxidative stress, which results in the release of inflammatory cytokines and oxidized lipids. The inflammation caused by PM2.5 is thought to synergize with obesity-induced tissue inflammation, worsening insulin resistance and promoting cardiovascular disease.

These inequities persist and continue to impair quality of life and health. In a 2021 study of all United States metropolitan areas in 1980 and 2010, Firebaugh and Acciai recently demonstrated that for Black/African American individuals disparities in neighborhood poverty decreased faster than racial residential segregation (37). This highly impactful study showed that while the income gap between White and Black/African American individuals has declined, this decline has not translated to an equivalent decline in racial residential segregation. Some of this residential change was due to a sharp increase in low-income non-Latino Whites living in low-income neighborhoods (38). As this article states, “the end of black segregation is not at hand.”




PATHWAYS: IMPACT OF RACISM AND DISCRIMINATION ON CARDIOVASCULAR HEALTH

The impact and persistence of racial disparities in health should be framed in the context of relatively stable racialized social structures that determine disease risk factors (e.g., environmental exposure), opportunity (e.g., wealth, education), and resources that drive health (e.g., access to care, health insurance). In 1997, Williams argued that upstream social factors and downstream socioeconomic effects were the fundamental causes of racial health disparities (15). The past 20 years have seen a systematic identification of these upstream factors that perpetuate racial inequities in health, including institutional and structural racism, cultural racism, and discrimination (5, 15). Together, these factors all impact cardiovascular health.


Institutional and Structural Racism vs. Cardiovascular Health

Structural racism refers to racism that is embedded in: (1) federal, state, and local laws, (2) practices of institutions, and (3) attitudes and practices of societies, and that provides advantages to groups self-identified as superior and oppresses groups identified as inferior (5, 39). Structural racism is sometimes used interchangeably with institutional racism; however, the latter is defined more narrowly as the policies and practices within a society’s institutions that allow advantaged groups to succeed while disadvantage groups fall behind. The criminal justice system is a good example of institutional racism, whereas redlining is an example of structural racism (39–44). There are many forms of institutional and structural racism that impact health (45). Here, we highlight the impact of institutional and structural racism on health and increased disparities in cardiovascular health.

Above, we highlighted many of the national, state, and local policies that led to racial residential segregation: (1) redlining, (2) mortgage discrimination, and (3) discriminatory zoning, which increase exposure to environmental pollutants and excess heat and reduce access to healthy food, health care, and safe places to exercise outdoors. Racial residential segregation also results in segregated schools with lower per-student spending, fewer high-quality teachers, and fewer opportunities to access higher education and high-paying professional jobs (46). The resultant poverty compounds the lack of access to health care, particularly for managing type-2 diabetes and cardiovascular disease, by presenting challenges with transportation and paid time off work (9, 44, 47–49).

There are significant racial disparities in cardiovascular risk factors, incidence, and mortality between White and Black/African American men and women of all ages (5, 9, 50). Black/African Americans experience cardiovascular disease at a significantly earlier age than non-Hispanic Whites (3), due to the higher prevalence of cardiovascular risk factors, including hypertension, type 2 diabetes, and obesity (33). A review of 50 empirical studies found that racial residential segregation was associated with poorer health overall (44, 51–54).

A key study by Lukachko et al. tested for the association between cardiovascular events and four domains of structural racism: (1) political participation, (2) educational attainment, (3) employment and job status, and (4) judicial treatment (9). These studies showed that the incidence of self-reported myocardial infarction events was significantly higher in Black/African Americans living in states with high levels of structural racism than those living in low structural racism states. Conversely, White individuals living in high structural racism states had either lower or no difference in self-reported myocardial infarction, compared to Whites living in low structural racism states (11). These results raise the important and disturbing possibility that structural racism not only harms individuals who are identified by individuals in power as “inferior” but also may benefit the individuals in power who impose stigma and discrimination.

Over the past two decades, incidence of cardiovascular disease has decreased in all Americans. However, the rate of decrease is significantly less in Black/African Americans than non-Hispanic Whites. Data from the Atherosclerosis Risk in Communities Studies showed that the decline in cardiovascular disease among Black/African American men was half (-3.2%/y) that of non-Hispanic White men (-6.5%/y) (55). This lack of decline is thought to be linked overall with structural racism and specifically racial residential segregation (3, 33). The detrimental impact of racial residential segregation on cardiovascular risk for Black/African American adults is supported by studies showing that when White and Black/African Americans live in the same neighborhood, cardiovascular risk normalizes (56, 57). A recent study of racial residential segregation found that young Black/African American men (ages 24–34) could achieve equal cardiovascular health (as defined by the American Heart Association) as Whites, but only when the proportion of Whites living in the same neighborhood was 55% or greater (OR = 0.67, 95% CI = 0.49, 0.92). Taken together, these studies highlight the powerful impact of structural racism, specifically racial residential segregation, on cardiovascular health (54).



Cultural Racism

Cultural racism has two components: (1) the assignment by individuals in power of inferior status of the language, symbols, physical features, values/religion, and language of a group they identify as “inferior,” and (2) the adoption of these views by society as a whole (5, 58, 59). These views can be external or internalized, and many avenues in society can re-enforce and “normalize” cultural racism, including entertainment, fashion, and the media (5, 59–62). These cultural forms of racism can act to marginalize the opinions of individuals who are targeted and justify the continuation of oppression by individuals in power. When internalized, cultural racism can have severe consequences, including discrimination in employment, poor quality health care, and lack of opportunity.

Williams et al. identified three pathways in which cultural racism can impact health: (1) societal policies, (2) individual-level unconscious bias, and (3) stereotyping (5). First, cultural racism can drive policies that create and reinforce disparities in housing, education, and health care. Past examples of policies emanating from cultural racism include redlining and unequal distribution of benefits from the GI bill (5, 59, 63). Second, cultural racism can also lead to individual unconscious bias in health care and worsen outcomes for patients of color (5). Black/African Americans are less likely to receive referrals to specialists, particularly for cardiovascular care, and implicit bias among physicians leads to poor communication, lack of identification of disease symptoms, and missed diagnoses (5, 64–67). Despite the recent focus on cultural racism and implicit bias (68), many physicians deny the existence and impact of cultural racism on the delivery of health care and health care outcomes (69).



Discrimination and Self-Reported Discrimination

Discrimination can be either an action or an outcome (5). Discrimination as an action is the unequal treatment due to race and/or ethnicity, and this discrimination can be unconscious or deliberate (5). As an outcome, discrimination has the potential to generate severe stress and can have a significant impact on health, particularly cardiovascular risk factors, including hypertension, obesity, and tissue inflammation (5).

A review by Paradise et al., investigated the association between self-reported racial discrimination and health and found that the association between discrimination and mental health was stronger than the association between discrimination and physical health. However, as pointed out by Williams et al., this review failed to include studies that measured discrimination, bias, and unfair treatment but did not explicitly identify race or ethnicity as causal. Importantly, many of the excluded studies were ones that used two important tools: (1) Everyday Discrimination Scale, and (2) Major Experiences of Discrimination Scale (70). When taken into account, it is increasingly clear that experiencing discrimination adversely impacts health, in particular cardiovascular disease risk factors, such as obesity, hypertension, smoking, alcohol abuse, and lack of sleep (70).

Over the past 10 years, the mechanism by which discrimination increase health disparities between Black/African Americans and Whites is becoming better understood (2, 4, 8). In a landmark paper, Krieger, proposed an “ecosocial theory of racism in which racism becomes embodied over the life course, adversely affecting the health of oppressed populations” (8). As a result, discrimination contributes to hypertension (9, 71–75), coronary artery disease (76–78), and metabolic abnormalities in low density lipoprotein cholesterol (9), increased abdominal adipose tissue deposition, insulin-resistance, and type-2 diabetes (5, 9, 79–81). Given these findings, discrimination is a known risk factor for poor cardiovascular outcomes (4, 82–84). Taken together, these studies highlight potential pathways through which discrimination may increase the incidence, severity, and mortality from cardiovascular disease.

Research on self-identified discrimination and health reveals that the threat imposed by discrimination can result in “vigilism,” depression, and chronic stress. All three of these states are linked with hypertension, loss of sleep, and obesity. Again, these clinical outcomes are risk factors for cardiovascular disease (5, 39). Further research in this area will be important going forward, particularly studies linking the release of stress hormones, disruption of circadian rhythms, and tissue inflammation with cardiovascular disease incidence and outcomes.

While many important studies link self-identified discrimination and cardiovascular risk factors with disease, there are limitations to the literature. Methods require self-reporting of many sensitive or private issues including life domains (e.g., healthcare, education, housing, and employment) and private domains (e.g., racial slurs and epithets, racial-profiling, or even physical violence) (5, 9). While important, these self-reporting measures are vulnerable to underreporting because not all individuals are willing to acknowledge these highly personal and potentially damaging events (5, 9). Furthermore, self-report may not adequately identify the full impact of discrimination (5, 9). The study by Lukachko et al., cited above, was important because it went beyond self-identified discrimination and systematically identified societal measures of discrimination (9). Importantly, the study also had representation across all 50 states and was sufficiently powered to account for potential confounders.




BIOLOGICAL MECHANISMS LINKING STRUCTURAL AND CULTURAL RACISM AND DISCRIMINATION WITH INCREASED CARDIOVASCULAR DISEASE INCIDENCE AND MORTALITY

Racism and self-reported discrimination are associated with increased risk for cardiovascular disease; biological mechanisms include telomere shortening, increased allostatic load, increased oxidative stress, and tissue inflammation (Figures 1–3). This is a rapidly evolving field; it is beyond the scope of this review to comprehensively discuss all the biological mechanisms linking racism and discrimination with cardiovascular disease. Instead, here we aim to focus on the impact of structural racism/discrimination on inflammation and the immune contribution to the biology of atherosclerotic plaque formation (Figures 2, 3). We focus on this biological mechanism because of its power to link racism/discrimination not only to cardiovascular disease but also to obesity and cancer (85, 86).


[image: image]

FIGURE 3. Working model of the impact of racism and discrimination on tissue inflammation, immune dysregulation, and atherosclerotic plaque formation.


Traditional risk factors for cardiovascular disease include dyslipidemia, obesity, diabetes, hypertension, aging, and smoking, the majority of which are linked with racism and discrimination. Recently, there is increased appreciation of non-classical risk factors, such as infections and chronic inflammatory diseases (87), which opens up an important new area of investigation on potential biological mechanisms with which racism can further promote cardiovascular disease.

Atherosclerosis is a disease that involves components of the vascular, metabolic, and immune systems, and is characterized by the formation of atherosclerotic plaques in the arterial intima, eventually leading to heart failure, stroke and cardiac dysfunction. Atherosclerotic lesions comprise a necrotic core, the accumulation of modified lipoproteins and infiltration and adhesion of leukocytes including neutrophils and macrophages laden with cholesterol. Persistent low-grade inflammation is key in all stages of atherosclerotic plaque development, from initiation through progression and, ultimately, thrombosis.

The cardiovascular inflammatory process has been extensively reviewed by Soehnlein and Libby (88). As an overview, the early stages of atherosclerosis involve the secretion of chemokines by activated platelets and activated smooth muscle cells, such as C-C motif chemokine 5 (CCL5) that promote infiltration of monocytes and neutrophils. During the progression of the atherosclerotic lesion, smooth muscle cells undergo necrosis, increasing inflammation, and promote the formation of neutrophil extracellular traps (NETs), which play an important role in plaque formation and rupture.

Histones associated with NETs increase plaque formation by promoting homing monocytes, which differentiate into tissue-associate macrophages (TAM). TAMs actively uptake lipids and oxidized cholesterol-rich lipoproteins that adhere to arterial walls. Lipid-uptake by TAMs leads to the formation of foam cells; foam cells are polarized M1 inflammatory TAM that are filled with oxidized low-density lipoproteins (oxLDL).

Further, inflammatory cascades are directly activated by NETs. NETs activate the inflammasome complex (NACHT, LRR and PYD domains-containing protein 3 (NLRP3) and increase transcription of pro-interleukin-1 beta (IL-1β) by M1 macrophages. The activated NLRP3 inflammasome, in turn, activates caspase 1, which then cleaves pro-IL-1β into mature IL-1β. IL-1β is a cytokine that has a major role in the inflammatory milieu of atheroma. A recent clinical trial targeting IL-1β has shown efficacy against atherosclerosis (89), providing evidence that the inflammatory response plays a major role in the progression and outcome of cardiovascular disease. Taken together, inflammation is clearly a determinant of plaque instability – a thrombosis trigger – and ultimately, cardiovascular disease (88).


Biological Link Between Discrimination, Racism, and Tissue Inflammation

Current conceptual models propose that perceived discrimination worsens health through both acute and chronic mechanisms that, in turn, impact multiple physiological and biological pathways (90). Acute events are typically described through a stress reactivity framework – an acute stressor leads to increased heart rate and blood pressure (91). Chronic stress is thought to increase vulnerability to disease by heightening both cardiac and inflammatory reactivity (92–95). An example of this model is the “weathering hypothesis” developed by Geronimus and colleagues; in this model they propose that the health inequity experienced by Black/African American individuals is a consequence of the “cumulative impact of social, economic, and political exclusion,” which leads to accelerated aging (96–99). Taken together, these models and frameworks provide mechanisms by which past and chronic discrimination may impact an individual’s biological response to acute new stressors (81, 100). Consistent with these models and frameworks, two meta-analyses show that perceived discrimination is significantly associated with dysregulation of the acute and chronic physiological stress systems (90).

Recent studies highlight the important relationship between discrimination, inflammation, and increased risk for cardiovascular disease. Cardiovascular risk is associated with elevated serum inflammatory proteins, including C-reactive protein (CRP), interleukin-6 (IL-6), IL-1β, and tumor necrosis factor-alpha (TNF-α). These circulating inflammatory markers are increased in Black/African American individuals relative to non-Hispanic Whites (101, 102). A recent study by Simons et al., investigated the link between systemic inflammation and discrimination in samples collected from Blacks/African Americans participating in the Family and Community Health Study (103). This study identified that juvenile exposure to discrimination and segregation was a strong predictor of adult chronic inflammation – including elevation of the inflammatory mediators CRP, IL-1β, IL-6, and TNF-α. Inflammation was more robustly predicted by discrimination and racial residential segregation than traditional cardiovascular risk factors including smoking, poor diet, lack of exercise, and low socioeconomic status.

A complete discussion of the impact of perceived discrimination on the brain-body pathways linking stress and physical health is beyond the scope of this review; for an excellent review on this topic please see Lockwood et al. (90).



Trained Immunity, Plaque Formation, and Cardiovascular Disease

Recent studies of cardiovascular disease highlight the importance of tissue inflammation in “hyperactivation” of the immune system [for a review please see Bekkering et al. (104)]. Trained immunity – also called non-specific immunologic memory – is an emerging concept to explain the long-term adaptation of innate immune cells such as macrophages that leads to a sustained immune response (105). This sustained response is induced by metabolic programming and epigenetic changes evoked by chronic exposure. Studies, initially of bacterial infection, show that after an initial stimulus, a secondary stimulation occurs, which results in chronic sustained inflammation (106, 107).

During atherosclerosis, the endogenous stimulus, oxLDL, induces proatherogenic circulating monocytes (TAMs). These proatherogenic cells exhibit H3K4me3 methylation marks at the promoter regions of inflammatory genes, which open chromatin, increase production of inflammatory cytokines, and increase production of foam cells (108). Circulating monocytes from patients with severe atherosclerosis have been shown to exhibit trained immunity, including enhanced cytokine production capacity, glycolytic metabolism, and epigenetic reprogramming (109–111).

Normally, an increased and potent secondary response is beneficial against to infection. However, within a cardiac blood vessel of an at-risk individual, the sustained exposure of macrophages to chronic endogenous inflammatory stimuli (e.g., cytokines, chemokines, oxLDL, cholesterol crystals, and tissue damage-derived signals) has been recently linked to non-resolving vascular inflammation and atherosclerosis (104). Importantly, early life experiences and exposures are linked to persistent immune activation and trained immunity (104, 112). These processes are now being recognized as key contributors to cardiovascular disease risk, atherosclerotic plaque formation, and, ultimately, plaque rupture.




DISCUSSION

Over the past 20 years, the overall death rate from cardiovascular disease has declined. These health gains, however, have not been equally shared by Black/African Americans. Black/African American communities experience a 30% higher death rate from cardiovascular disease versus non-Hispanic Whites – even when controlling for socioeconomic status (3). The recent COVID-19 pandemic has once again highlighted the impact of structural racism and racial residential segregation in promoting health disparities and unequal deaths (113).

The deterioration of Black/African American neighborhoods did not happen overnight and are the result of longstanding racist and discriminatory policies implemented at the national, state, and individual level, such as red lining and chronic disinvestment. As stated by Keith Churchwell, M.D., FAHA, Chair of the AHA Advisory Committee, “structural racism is an embedded part of legal, business, and social constructs and a feature of the social, economic, and political systems in which we all exist.” As a result, there is a direct connection between disparities in housing and disparities in cardiovascular disease incidence and mortality. To remedy these inequities, formerly redlined neighborhoods need to be made safe and walkable. Highways that run through urban spaces need to be rerouted and neighborhoods reconnected (114). Parks and green spaces need to be located in formerly redlined neighborhoods to reduce the impact of heat waves and provide a safe space for exercise. To make neighborhoods truly safe for exercise, cardiotoxins in the air also need to be eliminated; to accomplish this we need to reinstitute clean air standards, incentivize low emission cars, and increase clean emission standards for diesel trucks. There also needs to be legislation to rezone residential formerly redlined neighborhoods to prevent factories and power plants from locating near homes. As factories close, we should replace the building’s occupant with clean industry or repurpose the building to house small businesses, apartments, and grocery stores.

The work of Stokes et al. provides evidence that improvements in cardiovascular health are possible through crowdsourced health care facility ratings (115). In a recent study, these investigators showed that online ratings and review may provide important insight into unequal health care. This study provides a powerful strategy by which citizens can help to end unequal and discriminatory care (115).

Fundamental to eliminating structural racism – while ambitious but necessary – is the ability to vote. Unfortunately, we’re watching voting rights come, once again, under fire in the United States. It is critical that voting rights remain intact so that Black/African Americans and other racial/ethnic minorities can participate in democracy and vote in legislatures and ballot resolutions that act to eliminate structural racism and health disparities.

Capacity-building is also vitally important for reducing disparities in cardiac disease. Medicaid expansion (or “Obamacare”) needs to be implemented in all 50 states. The training of Black/African American primary care physicians, internists, and cardiologists needs to be prioritized. The pipeline needs to start early – through mentored science, technology, engineering, and math (STEM) pipeline programs. High school and college students need to have access to programs that teach and inspire. An example of such a program is the MED program at University of North Carolina at Chapel Hill (UNC-MED) (116).

The biological mechanisms underlying the impact of housing policies on tissue inflammation, immune suppression, and creation of atherosclerotic plaques have only just begun. Whether Black/African American individuals are prone to trained immunity – explaining in part, increased atherosclerosis in Black/African Americans vs. non-Hispanic Whites – has not yet been studied. The field of trained immunity and cardiovascular disease is still rapidly evolving. However, given the impact of chronic discrimination on inflammation and elevated production of chronic elevated production of inflammatory factors and cytokines, it is easy to connect the dots between chronic discrimination, trained immunity, and disparities in cardiovascular disease. Future studies, hopefully by the next generation of Black/African American scientists, will take the lead in uncovering these biological mechanisms.
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