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Abstract

In the U.S., causes of racial differences in stroke and its risk factors remain only partly understood,
and there is a long-standing disparity in stroke incidence and mortality impacting Black
Americans. Only half of the excess risk of stroke in U.S. Black populations is explained by
traditional risk factors, suggesting potential effects of other factors including genetic and
biological characteristics. Here, we non-systematically reviewed candidate laboratory biomarkers
for stroke and their relationships to racial disparities in stroke. Current evidence indicates that
interleukin-6, a proinflammatory cytokine, mediates racial disparities in stroke through its
association with traditional risk factors. Only one reviewed biomarker, lipoprotein(a) (Lp(a)), is a
race-specific risk factor for stroke. Lp(a) is highly genetically determined and levels are
substantially higher in Black than White people; clinical and pharmaceutical ramifications for
stroke prevention remain uncertain. Other studied stroke risk biomarkers did not explain racial
differences in stroke. More research on Lp(a) and other biological and genetic risk factors is
needed to understand and mitigate racial disparities in stroke.
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Introduction

There are racial and ethnic disparities in the distribution of stroke and its risk factors in the
United States. These disparities extend to different aspects of prevention, care, treatment and
prognosis of stroke.! Traditional risk factors including hypertension, diabetes mellitus,
smoking, atrial fibrillation and heart disease are prevalent in the population and
disproportionally affect other racial/ethnic populations as compared to White people.2->
Importantly, the disparities are more marked among the younger population and the
differences fade away in people 80 years and older.6: 7 What is striking is that about 50% of
the excess stroke is explained by the overrepresentation of these traditional risk factors
among underrepresented racial/ethnic populations.5: ® Factors that may explain the higher
prevalence of traditional risk factors in underrepresented racial/ethnic groups include poor
diet, high salt intake, obesity and the presence of a higher predisposition to inflammation
besides the added effect of social determinants such as low socioeconomic status, lower
education and lack of access to care.6-8

Since traditional risk factors cannot explain the remaining half of the racial disparity, the
impact of biological and genetic factors warrants investigation. This line of thought has led
to the search for candidate biomarkers that can moderate or mediate racial differences in
stroke. Mediation may be by virtue of being in the pathway to the disease by directly
affecting the disease, or by affecting it via the impact or traditional risk factors. Moderation
would occur when a risk marker has a stronger relationship in one group compared to
another. Here, we review current evidence on the role of biological and genetic marker sin
mediating or moderating racial disparities in stroke, with results summarized in the Figure 1.
Most evidence derives from the Atherosclerosis Risk in Communities (ARIC) cohort, which
enrolled participants for long term follow up in 1987-9, the REasons for Geographic And
Racial Differences in Stroke (REGARDS) cohort study, which enrolled 30,239 Black and
White men and women from across the United States in 2003-7, and the Northern
Manhattan Study (NOMAS), which enrolled a multi-ethnic cohort for long term follow-up
in 1993-2001.

Inflammation

Epidemiologic evidence on whether inflammation explains racial disparities in stroke is
limited, although it has been known for some time that Black people have higher levels than
other groups of a number of inflammation markers implicated in cardiovascular risk,
including C-reactive protein (CRP) and interleukin-6 (IL-6).

An investigation of inflammatory cytokines [interleukin (IL)-6, IL-8 and IL-10], in the
REGARDS cohort, showed IL-6 was the only cytokine that increased stroke risk in both
Black and White participants. The relationship was strong, with the relative risk in the top
compared to the bottom quartile of 2.0 (95% CI 1.2-3.1) after adjusting for demographic
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factors and stroke risk factors.? IL-6 was also the only cytokine that mediated racial
differences in stroke risk. However, adjustment for risk factors nullified the mediation. These
results indicate 1L-6 might explain racial disparities in stroke risk because of the well-
documented proinflammatory effects of traditional risk factors.® 10 Assessing for racial
differences in the involvement of IL-6 in risk factor development and severity will help
clarify how this cytokine mediates racial disparities in stroke through stroke risk factors. In
addition, future research should determine whether IL-6 affects stroke-related tissues and
organs, i.e. blood vessels in the brain.

Like IL-6, C-reactive protein (CRP) is associated with a higher risk of ischemic stroke in
both racial groups. The relationship of CRP and incidence stroke in REGARDS was weaker
in Black than White persons; a CRP concentration of = 3mg/L, a traditional cutoff used in
clinical practice, increased the stroke risk in White people whereas the risk only became
elevated at CRP concentration >10mg/L in Black people.11 While CRP is one of the most
important clinically used markers of inflammation, it does not seem to explain racial
differences in stroke.

Interestingly, in the Northern Manhattan Study (NOMAS), when inflammation was
characterized based on dominant quartile values of 1L-6 and CRP, the effects CRP
dominance (i.e, CRP being higher relative to IL-6) on ischemic stroke risk were modified by
race-ethnicity. Compared to the referent group (codominance or congruent CRP and IL-6),
CRP dominance was associated with a higher risk of stroke in White [HR:9.5, 95% ClI
(2.7-33.3)], and Hispanic [HR: 2.5, 95% CI (1.1-5.7)], but not Black participants [HR:1.2,
95% C1(0.5-2.7)]*2. It is possible these results merely reflect data biases and that there were
only 113 stroke cases in the analysis, but this study highlights the need for more study on the
multivariate inflammatory constructs in studies of racial disparities in stroke.

Another inflammatory marker that ought to be examined is higher white blood cell count
(WBC), as this is readily available in clinical practice and it relates broadly to cardiovascular
risk, including stroke risk.13-17 Based on data from the ARIC cohort, the risk of stroke with
higher WBC was similar across racial groups.18-20 In an analysis of ARIC data that was
well-powered for race-specific analyses, when comparing the highest quartile of WBC to the
lowest quartile, the risk of stroke increased by twofold in Black and White participants alike.
14 These findings indicate that WBC, like CRP, is a risk factor for stroke in both racial
groups, but it does not mediate racial disparities.

Overall, there is some evidence to indicate that inflammation contributes to the excess risk
of stroke in Black people. More research is needed with larger samples to evaluate racial
differences in the context of the interaction of inflammatory markers with each other and
traditional risk factors for stroke. Future investigations should examine the way
inflammation particularly IL-6, mediates risk factor impacts. Beyond traditional risk factors
of stroke, much uncertainty still exists about the relationship of inflammation, social
determinants of health (i.e. diet, psychosocial stressors) and racial disparities in stroke.
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Coagulation

The final pathologic process for most strokes is thrombosis, the occlusion of an artery by a
blood clot leading to tissue ischemia and death.2! Prior research has demonstrated that Black
and White people have different thrombotic biomarker profiles. Compared to other groups,
Black people have higher levels of procoagulant proteins, especially factor VIII and
fibrinogen, and lower levels of anticoagulant proteins such as protein C, all culminating in
higher D-dimer, a marker of coagulation activation.?2: 23 Anticoagulation is proven to reduce
stroke risk in those with atrial fibrillation23 and as well as for secondary prevention in people
with a prior stroke?4, proving a causal role for thrombosis in some strokes.

The impact of novel coagulation biomarkers, in general, is less studied for stroke than
coronary heart disease2°, and minimally studied as a reason for racial disparities in stroke
risk, especially among younger Black people. The REGARDS study assessed the association
of thrombotic biomarkers with stroke, and assessed whether these biomarkers explained any
of the increased risk.26-31 Among the thrombotic biomarkers studied, factor V11139 and D-
dimer28 were the only biomarkers associated with stroke risk after adjusting for traditional
stroke risk factors (Table 1). Both D-dimer and factor V111 were significantly higher in Black
people than White people, and so were prime candidates for potentially explaining some of
the racial difference in stroke risk between Black and White people. However, D-dimer did
not attenuate the excess risk of stroke in Black people.28

Higher D-dimer levels in Black compared to White people may be partially explained by
ancestry-specific genetic factors. The Cardiovascular Health study reported each standard
deviation higher in European ancestry was associated with about 10% lower mean D-dimer
levels in Black people. The association held after adjustment for confounders including
traditional cardiovascular risk factors.32 However, these results may be somewhat limited by
the small number of Black participants and residual confounding.

People with non-O blood group have higher factor V111 level 33: 34 because blood group
oligosaccharides, which are attached to the von Willebrand factor (VWF; the carrier protein
for factor V111), determine vVWF clearance.3® The ABO glycosytransferase gene (ABO)
defines the sequence of oligosaccharides, which determines the presence of A, B or neither
antigen on the surfaces of red blood cells.36 ABO blood group is also very consistently
associated with cardiovascular diseases across a number of studies. 37-42 Blood type AB is
more common in Black people, and AB is also associated with the highest factor VIII level
compared to other blood types.2® As such, ABO blood group was hypothesized to be
associated with stroke risk and to mediate racial disparities in stroke. In REGARDS, after
adjustment for demographic factors and stroke risk factors, people with blood type AB had
83% higher risk of stroke compared to those with blood type O [HR: 1.83, 95%
CI(1.01-3.30). FVIII explained 60% of the excess risk in stroke for blood type AB, but racial
differences in ABO blood group did not mediate racial disparities in stroke.26

Overall, on a population level, procoagulant biomarkers (factor V1I1) and markers of
coagulation activation (D-dimer) were related modestly with stroke risk but not differ by
race and did not explain the Black-White disparity in stroke risk at any age.
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Stroke is not one disease*® 44, and hemostasis is not measured by one biomarker®. For
stroke, understanding how race may impact the stroke subtype could help reveal whether
different etiologies underpin stroke risk (and stroke prevention) in different populations.
Likewise, thrombosis is a complex interplay of multiple proteins and cellular elements;
reducing hemostasis to assessing one or two biomarkers does not do justice to the
complexity of coagulation in vivo. The future lies is refining our definition of stroke based
on pathophysiology and measuring thrombosis as a concept rather than through individual
biomarkers. Only then might these complex relationships be disentangled.

Sickle cell trait

Sickle cell trait (SCT) and sickle cell anemia result from a point mutation in the  chain of
hemoglobin, which leads to a switch from glutamic acid to valine. The SCT denotes an
inheritance of both normal (HbA) and mutated (HbS) hemoglobin. Individuals who inherit
the HbS type hemoglobin from both parents develop sickle cell anemia. In the U.S., the trait
is relatively common in the Black population, with a prevalence of 9%, and about 1 out 601
Black newborns have the HbSS genotype.46-49

Both SCT and sickle cell anemia are race-specific risk factors for venous thrombosis. As
many as 25% of patients with sickle cell anemia or SCT have a confirmed history of venous
thromboembolism,®0 and SCT is associated with higher D-dimer concentration.?1 An
investigation of middle-aged, Black participants showed that HbSA raised the risk of venous
thromboembolism 2-fold. %2

Despite the associated hypercoagulability of SCT, a recent meta-analysis involving 19,464
Black people, followed for 7-14 years, revealed that SCT was not associated with a higher
risk of ischemic stroke in Black persons. Upon adjustment for stroke risk factors, the overall
hazard ratio (HR) was 0.80 (95% CI: 0.47-1.35) for Black adults with SCT compared to
those without.>3 These results indicate that despite the fact SCT is largely a race-specific
characteristic in the US, and associated with thromboembolism and hypercoagulability, it is
not associated with stroke.

Lipoprotein (a)

Lipoprotein(a) [Lp(a)] consists of a modified low-density lipoprotein (LDL) bound to a
apolipoprotein(a). Higher circulating level is associated with increased risk of coronary and
cerebrovascular disease®*, so Lp(a) measurement in those screened for cardiovascular risk is
recommended.>> %8 Approximately 1.5 billion people worldwide have elevated Lp(a), so
there a tremendous potential for disease prevention leveraging this biomarker.>”
Apolipoprotein (a) size determines the size of Lp(a); larger size correlates with lower Lp(a).
Black people have smaller Lp(a) isoforms, and much higher Lp(a) compared to other race-
ethnic groups. Lp(a) concentration is about 80% genetically determined, with little influence
by lifestyle or other factors. There is a stronger and unique genetic influence in Black
compared to White individuals, and a stronger relationship of genetic variation in Lp(a) with
subclinical atherosclerosis in Black people.®8 These findings in sum suggest that Lp(a) is a
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causal cardiovascular and stroke risk factor that might be more important in Black than
White people.

There are few studies of Lp(a) and stroke risk®8, with only two reporting on race differences
in this relationship. Using a race-sex-specific threshold level representing Lp(a) in the 4t
quartile of the distribution, the REGARDS investigators reported that elevated Lp(a) was
weakly associated with ischemic stroke; HR 1.45 (95% CI 0.96, 2.19). The relationship was
only present in Black participants, with a HR of 1.96 (95% CI 1.10, 3.46), while in White
participants the HR was only 1.14 (95% CI 0.64, 2.04).59 Similarly, in the NOMAS, elevated
Lp(a) was more strongly related to stroke in Black people compared to other groups; among
Black people the odds ratio (OR was 2.7 (95% CI 1.2-6.2) while this was 2.1 (95% CI
(0.7-6.6) in White people, and only 1.5 (95% CI 0.8-2.5) in Hispanic people.®0 This study
was limited by its smaller sample size in race subgroups, and because Lp(a) was measured
after stroke occurred, which might bias the findings in unpredictable ways. Overall, these
findings suggest, from the point of view of stroke, that Lp(a) is a race-specific risk factor, or
a stronger risk factor among Black people. The clinical ramifications of this are uncertain.

Current cardiovascular prevention medications do not lower Lp(a). With the mounting
evidence that Lp(a) is a causal risk factor for atherosclerotic disease, drugs are in
development to lower Lp(a),81-63, For example, an antisense oligonucleotide, AKCEA-
APO(a)-LRx reduced elevated Lp(a) in a dose dependent manner up to 80% in patients with
cardiovascular disease and elevated Lp(a). Phase 3 trials are underway. The potential for
Lp(a) inhibition to reduce the burden of stroke, in particular among Black individuals,
warrants intensive study based on the epidemiologic findings above.

Investigation of Biological Factors Influencing Stroke Outcome in Pre-

Clinical Studies

Racial differences are difficult to study in pre-clinical stroke models, as part of the value of
using animals is the removal of “background” genetic variation to reduce variability and
confirm the importance of a specific pathway or biomarker. However, even rodents with
more restricted genetic backgrounds can be used to model some aspects of risk factors that
are more prevalent in one race than another, such as hypertension, hypercoagulability or
elevated Lp(a). For example, commonly used models include the spontaneously
hypertensive rat (SHR), which is a model of essential hypertension, bred from a line of
Wistar-Kyoto rats in the 1960s by Okamoto and colleagues.4 The stroke prone SHR (SHR-
SP) is a further development of SHR that has even higher blood pressure than SHR and has a
high incidence of stroke and intracerebral hemorrhage.®° Despite decades of study, the
genetics of these strains are still relatively unknown, and their value for studying complex
polygenetic disorders such as hypertension or stroke has been questioned,®® especially with
the growing availability of genetic information from human studies. However, there is value
in the use of animal models to understand basic mechanisms related to stroke, as so many
other factors that influence stroke risk can be controlled, such as dietary and environmental
factors.
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Additionally, animal studies have identified several potential targets8 that can now be
validated in patients, many of which involve inflammatory signaling that also contribute to
stroke outcomes in humans. Understanding the underlying biology could identify new
targets in specific racial populations at risk for poor outcomes after stroke.

Clinical implications

There are numerous clinical factors that likely contribute to the racial disparities in stroke
incidence and outcomes. Biological and genetic factors, like the higher prevalence of
traditional risk factors such as hypertension and diabetes, or racial differences in Lp(a)
levels, likely have a complex interactive relationship with stroke risk. Other social
determinants of health (SDOH), like access to care, socioeconomic status (SES),
compliance, and environmental/dietary factors also play a role.

The difference in stroke mortality between Black and White people may be a result of either
a higher incidence of stroke in Black than White people, or a higher case fatality among
Black people suffering stroke than white people suffering stroke. There is strong evidence
that the former is the driver of the epidemiological differences in stroke. There is a higher
incidence of stroke in the Black population than the white population, as documented in the
NOMAS68, the Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS)®, the
REGARDS study’? and the ARIC study’?. The Black-to-White incidence ratio ranges from
1.0-3.0, which mirrors mortality differences. In contrast, there is little evidence of a higher
case fatality among Black relative to White individuals.”® Therefore, it seems likely that the
Black-to-White disparity in stroke is largely attributable to a racial difference in stroke
incidence. Contributions of risk factors that are both more prevalent in the black population
and strongly associated with stroke risk may be substantial contributors to disparities in
stroke incidence. For example, Black people are at a disadvantage for many measures of
SES, and lower SES is strongly associated with stroke risk (but more weakly associated with
case-fatality). Much work remains to be done to investigate to what extent SES and other
SDOH such as stress, health behavior (ie., smoking) depression, isolation etc. contributes to
racial disparities in stroke, and if these are mediated by specific biological pathways like
thrombosis and inflammation. A greater understanding is needed on the impact of
individual/societal factors and unique biological pathways that interact with traditional risk
factors and lead to the higher stroke incidence in Black people.

Future directions

Although the Black—White disparities in stroke have been known for at least a half century,
only recently have studies focused on biological and genetic factors that contribute to racial
disparities in stroke. Understanding the causes of these large disparities is the first step to
design and implement interventions to reduce the unequal distribution of the public health
burden of stroke. More research is needed; both for broader genomics data, study of
interactions among biomarkers, risk factors and SDOH, origins of stroke risk factors by race,
and preclinical models. Table 2 summarizes research questions that can fill knowledge gaps
on biomarkers and racial disparities in stroke. Additionally, the framework outlined here
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(Figure 1) to study both the moderating and mediating effects of risk factors on racial
disparities in stroke should provide useful direction for future investigation.
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IL Interleukin

CRP C-reactive protein

vWF von Willebrand factor

Lp(a) Lipoprotein (a)

WBC White blood cell count

SCT Sickle cell trait

SHR Spontaneously hypertensive rat

ARIC Atherosclerosis Risk in Communities

REGARDS REasons for Geographic And Racial Differences in Stroke
NOMAS Northern Manhattan Study

GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study
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Factors that underlie effects of traditional risk factors Factors similarly related to stroke in both races

Hypertension

O'y Diabetes
@ Black: HR 1.1 (0.9-1.3)
Black: RR 1.9 (1.0-3.3) White: HR 1.2 (1.0-1.4)

White: RR 1.9 (1.0-3.4)
w O :
L (5) e—ce—
Racial disparities

SES Heart disease s e Black: HR 1.1 (1.0-1.3)  Black: HR 1.3 (1.0-1.6)
Lo in stroke risk White: HR 1.2 (1.1-1.4)  White: HR 1.3 (1.0-1.6)
an

Race-specific characteristics not related to stroke Race-specific factors (may reduce disparities)

Black: HR 2.0 (1.1-3.5)
White: HR 1.1 (0.6-2.0)
Black: HR 0.8 (0.5-1.4)

Figure 1.
Overview of genetic and biological determinants of racial disparities in stroke risk

HR: Hazard ratio; RR: relative risk; SES: socio-economic status; IL-6: interleukin-6, WBC:
white blood cell count; CRP: C-reactive protein; Lp(a): Lipoprotein(a)
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Adjusted Association of Hemostasis Biomarkers with Stroke Risk, REGARDS cohort (hazard ratios and 95%
confidence intervals)

All

Black people

White people

Factor VII1%0

Per SD Higher (44%)
Factor IX?7

Per SD higher (22%)
Factor XI?7

Per SD higher (25%)
Protein C%0

Per SD lower (22%)
D-dimer?

Per doubling

1.26 (1.08, 1.46)

1.03 (0.89, 1.19)

1.08 (0.94, 1.24)

1.04 (0.88, 1.23)

1.15 (1.01, 1.31)

1.26 (1.02, 1.55)

1.00 (0.80, 1.25)

1.01 (0.83, 1.24)

0.99 (0.77, 1.26)

1.12 (0.92, 1.34)

1.26 (1.02, 1.56)

1.05 (0.88, 1.26)

1.12 (0.93, 1.35)

1.09 (0.87, 1.35)

1.19 (0.99, 1.42)

Adjusted for: Age, sex, race, age*race interaction, systolic blood pressure, taking blood pressure medications, diabetes, current smoking, atrial

fibrillation, left ventricular hypertrophy, and baseline cardiovascular disease (coronary heart disease or peripheral vascular disease)

*
‘p-values for race*biomarker interaction were all >0.10 (non-significant)
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Table 2.

Knowledge gaps in the association of biomarkers and racial disparities in stroke in the U.S.

How can inflammation (IL-6) mediate the impact of traditional risk factors and social determinants of health (stress, diet, health behavior,
isolation) on racial disparities in stroke?

How does IL-6 affect stroke-related tissues and organs? How does it relate to racial disparities in stroke?
How do biomarkers, in particular IL-6, affect racial differences in risk factor incidence?
How will the interaction of multiple thrombotic markers impact racial disparities in stroke?

How do stress markers (markers of the hypothalamic-pituitary-adrenal axis and other neuroendocrine markers) impact racial disparities in
stroke?

Does Lp(a) inhibition reduces the excess burden of stroke in Black people?
Can newer mouse strains be developed to better assess biological mechanisms of stroke disparities?

To what extent do socioecononomic status and social determinants of health contribute to racial disparities in stroke? How do they interact with
biomarkers of stroke to increase racial disparities?

To what extent are racial disparities due to genetic factors? Do these genetic determinants interact with traditional risk factors, socioecononomic

status, social determinants of health and other non-traditional risk factors to increase racial disparities in stroke?

Abbreviations: IL-6: interleukin-6; SLp(a); Lipoprotein(a)
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