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Abstract

Black Americans are disproportionately affected by dementia. To expand our under-
standing of mechanisms of this disparity, we look to Alzheimer’s disease (AD) biomark-
ers. In this review, we summarize current data, comparing the few studies presenting
these findings. Further, we contextualize the data using two influential frameworks: the
National Institute on Aging-Alzheimer’s Association (NIA-AA) Research Framework
and NIA’s Health Disparities Research Framework. The NIA-AA Research Framework
provides a biological definition of AD that can be measured in vivo. However, current
cut-points for determining pathological versus non-pathological status were devel-
oped using predominantly White cohorts—a serious limitation. The NIA’s Health Dis-
parities Research Framework is used to contextualize findings from studies identifying
racial differences in biomarker levels, because studying biomakers in isolation cannot
explain or reduce inequities. We offer recommendations to expand study beyond ini-

tial reports of racial differences. Specifically, life course experiences associated with

Alzheimer’s Dement. 2021;1-20.

wileyonlinelibrary.com/journal/alz © 2021 the Alzheimer’s Association

1


https://orcid.org/0000-0001-6210-4671
mailto:ceg@medicine.wisc.edu
https://wileyonlinelibrary.com/journal/alz

2| Alzheimer’s & Dementia®

GLEASON ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

KEYWORDS

1 [ INTRODUCTION—BIOLOGICAL FRAMEWORK
FOR ALZHEIMER'’S DISEASE

Black Americans experience an increased risk for incident dementia
compared to non-Hispanic White Americans.-8 Data, primarily from
population-based samples and meta- and systematic analyses, suggest
Black adults exhibit a 64% higher rate of progression to Alzheimer’s
disease (AD) and related dementias (ADRD) compared to non-Hispanic
Whites.” 10 These findings emphasize the urgency to clarify factors
contributing to racial inequities—factors that underlie the root causes
of the differences.

Recent studies??~17 investigating AD biomarkers in Black and White
cohorts offer preliminary evidence of how AD neurobiology appears to
differ by racial groups. To expand our understanding of these biomarker
findings we turn to two influential frameworks: the National Institute
on Aging-Alzheimer’s Assocation (NIA-AA) Research Framework!®
and the NIA’s Health Disparities Research Framework.1? By examining
biomarker findings from this framework duality, mechanism-focused
explanations for racial differentials in biological determinants of AD
dementia emerge as critical targets for future epidemiological and
translational research.

The NIA-AA Research Framework represents an effort to describe
AD in vivo using biological parameters. Informally known as the AT(N)
criteria, the framework defines AD based on the presence of amy-
loid beta plaques (A), neurofibrillary tangles (T), and neurodegener-
ation (N). Although the definitive diagnosis of the disease continues
to require the presence of neurofibrillary tangles (NFTs) and amyloid
plaques upon neuropathological examination at autopsy,2° the biologi-
cal framework for AD allows investigators to more precisely define and
identify the disease in vivo—a critical step toward addressing this dev-
astating illness.

A noted disadvantage to the AT(N) framework is its reductionistic
approach.?! It may be ill-suited to fully characterize a complex disease
that can co-occur with other neuropathologies;?? it is also unknown
how the combination of neuropathologies alters presentations of the
proteinopathies of tau and amyloid, or contributes to atrophy. Finally,
despite the conceptual advantage of a biological definition, its imple-
mentation is further complicated given that cut-points must be deter-
mined and used to define pathological versus non-pathological protein
levels. These cut-points are highly dependent not only on how mea-
surement tools were calibrated and standardized,?® but, crucially, on
the composition of the sample from which data were collected.?* Given

that the field has fallen short in efforts to recruit and retain diverse

racialization and commonly used study enrollment practices may better account for

observations than exclusively biological explanations.

African American or Black, Alzheimer’s disease biomarkers, AT(N) criteria, cerebrospinal fluid and
positron emission tomography amyloid, cerebrospinal fluid tau, racial disparities

research cohorts,2> defining representative standardized cut-points
that can be applied broadly could be impossible for the near future.

2 | UNDERSTANDING RACE AND
RACIALIZATION WITH THE HEALTH DISPARITIES
FRAMEWORK

Race represents a social rather than a biological construct, and ques-
tions remain about the importance of racial categories in biomedical
research.2¢27 Ancestry cannot and should not be used to support or
validate self-identified racial categories, nor serve as a default expla-
nation for observed racial differentials. We propose scientists adopt a
multifactorial model of socially-rooted factors in aging such as the NIA
Health Disparities Research Framework? when interpreting racial dif-
ferences in AD biomarkers. Before describing the NIA Health Dispari-
ties Research Framework, we review the influence of racialization on
health.

2.1 | Race versus racialization—experiences
altering biology

Leaders of the Human Genome Project acknowledge that genetics
characterize only geographic origins of ancestors—not race.?® Still, given
the preponderance of racial health disparities that are observed con-
sistently and persistently across both chronic and infectious disease
outcomes, race cannot be ignored in biomedical research. The soci-

ological term “racialized group,”??

referring to a societally defined
group status, may more accurately describe representations of race in
medical research. That is, individuals are racialized as Black (i.e., soci-
etally defined on the basis of skin color, hair texture, or facial fea-
tures) and that racialization influences interactions with social insti-
tutions including health care and other systems that impact human
health. Importantly, even within racialized groups, there is consider-
able heterogeneity. Racialized groups in the United States differ in
their experiences and transgenerational histories of slavery, immigra-
tion, genocide, and acculturation, among many other factors. Accord-
ingly, population-level health outcomes are altered across generations
due to exposure to racialization.*® For example, despite being racial-
ized as Black in the United States, babies of first-generation African
immigrants have birth weights similar to offspring of White US-born

birth mothers. In contrast, the birth weights of babies of second- and
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third-generation African immigrants are lower than those of children
born to White birth mothers, and over time approach the significantly
lower birth weights of children born to Black mothers whose families
have lived in the United States for generations.>! Altogether, across
disciplines and health outcomes, robust evidence supports the rele-
vance and influence of environmental and societal conditions associ-
ated with being racialized as Black in the United States.

A similar phenomenon at the latter end of the life course is observed
in seminal work comparing dementia in Black Americans to a West
African Black cohort, which found that the Yoruba people of Nige-
ria evidenced lower prevalence of all-cause dementia and AD clinical
syndrome dementia (not informed by biomarkers) compared to Black
Americans.3? Similarly, incident dementia was higher in Black Ameri-
cans compared to Black Yorubas.® Although apolipoprotein E (APOE)
allele counts were similar in the two populations,32 APOE &4 carrier sta-
tus appeared to confer greater risk for AD dementia clinical syndrome
in the US population than in Black Africans.®* Of note, as in many other
studies that pre-date the development of biomarker technologies, it
is difficult to know how much of this risk was for AD-specific versus
other causes of dementia. The authors suggested that genetic varia-
tion between Africans from Nigeria and Black Americans, as well as
differences in diet, may explain geographic differences in prevalence
and incidence but do not mention racial disparities in upstream fac-
tors like financial resources and access to fresh food that shape dietary
“choices” in the United States.3”

In the future, larger samples may allow for more granular and
descriptive classifications of race. However, for the purpose of the
present review, we sought to be consistent with the extant litera-
ture, and cautiously use the racialized group category of Black. In the
United States, the group category “Black” captures the variety of expe-
riences of individuals who have ancestral connections to the African
continent, including African Americans, Black Caribbeans, and West
Africans living in the United States, among others.2¢ All of the afore-
mentioned groups are classified as Black/African American according
to the US census and other agencies, such as the National Institutes
of Health (NIH) and US Office of Management and Budget (OMB). For
these discussions, Black race refers to the confluence of African ances-
try and experiences engendered by living in the United States. Racial-
ized individuals like other minoritized groups are subject to a num-
ber of socioeconomic and health disparities, largely because racial cat-
egorizations reflect societal power structures, supporting structural
racism.3”

The scope of this review is narrow; however, several factors justify
this focus. Although still few in number, AD biomarker studies focused
on US-based Black cohorts are predominant among those examining
biomarkers by race. Moreover, Black Americans are among the popu-
lations facing the most pronounced health disparities, including dispar-
ities in incidence and prevalence of AD clinical syndrome and related
dementias (ADRD). Finally, the experiences linked to membership in
one racialized or marginalized group—such as Black—may be useful for
understanding AD biomarker data in a number of other NIA priority
populations, for example, American Indians, Latinos, sexual and gender

minorities, and rural communities.
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RESEARCH IN CONTEXT

1. Systematic review: Although there are a limited number
of studies examining Alzheimer’s disease (AD) biomark-
ers in non-White groups, a preliminary body of litera-
ture exists. We identified literature using traditional (e.g.,
PubMed) sources. The few relevant citations are appro-
priately cited.

2. Interpretation: We interpreted the extant data using
two conceptual frameworks—the National Institute
on Aging-Alzheimer’s Association (NIA-AA) Research
Framework, and theNIA's Health Disparities Research
Framework. This allowed for interpretations founded in
the biological disease markers and consideration of life
course exposures, including those associated with being
racialized as Black.

3. Future directions: In addition to improving the diversity
of research participants, we highlight the importance of
blood-based AD biomarkers as a way to improve inclu-
sion and retention of Black participants. We also note the
importance of a more accurate consideration of race in
biomedical research. All of these endeavors hold poten-
tial to reduce racial disparities in AD incidence and preva-

lence.

2.2 | NIA Health Disparities Research
Framework—applied to Alzheimer’s disease
neuropathology

Toward a fuller understanding of risk and resilience factors, we propose
using a multi-level, life-course model to interpret data. Such a model
permits layered and integrated approaches to understanding dispari-
ties in AD dementia and facilitates identification of intervention loci
across the life course. It can also enable investigators and institutions
to mitigate or eliminate many barriers to participationin ADRD cohorts
and clinical trials.

The NIA Health Disparities Research Framework? serves as a foun-
dational model for scientists investigating health and aging across
diverse populations. The Disparities Framework proposes that envi-
ronmental, sociocultural, behavioral, and biological factors work in con-
cert to influence aging not only during later decades, but throughout
the life span. Specifically, risk and resilience represent the intersection
and accumulation of exposures occurring across a spectrum of macro-
to micro-level factors. By applying this model, race emerges as a socio-
cultural rather than biological phenomenon. The NIA model of dispar-
ity emphasizes the “downstream” positioning of biological disease, and
illustrates how unequal distributions of “upstream” risk exposures can
become systematized and cumulative when shaped by a fundamental
identity marker like race—or, more accurately, by racism resulting from

racialization.
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The authors of the Health Disparities Research Framework empha-
size that although we ultimately seek to address biological dysfunc-
tion, environmental and sociocultural exposures including urban pol-
lutants, food deserts, historical trauma, and discrimination represent
contributing factors in the causal pathway. These conditions drive
downstream exposures along multiple mechanistic pathways (e.g., poor
diet, chronic stress), resulting in biological disorders and disease. In the
case of ADRD, resultant biological diseases such as diabetes and high
blood pressure are well-established risk factors for cognitive decline
and dementia, but not necessarily AD neuropathology as described by
the AT(N) criteria.’® This reinforces the idea (explained further below)
that the effect of health exposures on cognitive impairment and age-
related change may be multi-factorial and need not act through AD
pathology exclusively or at all.

Applying the Health Disparities Research Framework to ADRD,
racial disparities in rates of all-cause dementia in the United States
arise from multi-level and multi-factorial mechanistic origins. Notably,
the role of pervasive, long-standing, and institutionalized racism should
be acknowledged as a source of dementia disparities,® which con-
tribute to persistently elevated rates of dementia among Black Amer-
icans despite current declines in rates of dementia noted in the US
White population.3?:40

At a practical level, while studies indicate that differences in genetic
and cardiovascular risk inadequately account for racial disparities
in dementia,»**1 a growing body of work suggests that life-course
social factors account for persistent late-life cognitive health dispari-
ties in racialized and minoritized communities. For example, historical
racial inequalities in education access (e.g., segregation) impact older
Black populations and despite formal legal action—specifically the Civil
Rights Act of 1964—de facto education disparities persist, in the form
of larger student-to-teacher ratios, outdated and limited education
materials, and less access to high-quality curriculum, among other fac-
tors. A large body of work demonstrates that early-life disparities in
quantity and quality of education partially or completely explain racial
disparities in dementia risk.*2-47 Educational access creates oppor-
tunity to build cognitive reserve, and is also a powerful socioeco-
nomic resource that subsequently associates with higher-paying occu-
pations, financial and housing stability, and health insurance coverage.
Accordingly, Chen and Zissimopolous*! have demonstrated that dis-
parity in accumulated wealth also substantially explains disproportion-
ate dementia burden in older Black populations. Moving downstream,
racialized social disadvantage associates with a number of environ-
mental exposures across the life course including the experience of
acute and chronic stressors, and related physiological processes.

Through a health disparities lens, chronic physiological/
psychological stress plausibly influences cognitive outcomes through
multiple, synchronous, and likely synergistic pathways. Self-reported
stress associates directly with neurotoxic processes in the brain itself,
and when prolonged, chronic stress results in systemic dysregulation
and accelerated biological, brain, and cognitive aging.*-° Stress may
act directly on AD pathology: in animal models, exposure to acute
and chronic stressors associates with amyloid accumulation, and

neurodegeneration has been observed in animal and human studies.”?

However, in a multi-site study of chronic post-traumatic stress from
Vietnam-era US Veterans found that posttraumatic stress disorder was
associated with lower cognitive function, but was not associated with
amyloid burden, hippocampal volume, or ischemic lesions.?2 Crucially,
stressors may contribute dementia risk via downstream behavioral
pathways, constraining individual- or community-level resources
to engage in and successfully sustain preventive health behaviors,
such as smoking cessation®® and physical activity.>* And, universal
and race-based stress associates with far-downstream biomedical risk
factors for AD dementia, including hypertension®® and diabetes,¢ that
have provided the only explanatory context explored or hypothesized
for a majority of the AD studies to be reviewed here. In recognition
of such pathways, Zuelsdorff et al.’” and others®®>? have investi-
gated stress and cognition in racially diverse cohorts. Those studies
examining late-life stress in Black elders found that disproportionately
high stress exposure partially explains racial disparities in cognitive
health.>7>8

A consideration of the systematized and interactive risk and
resilience exposures across multiple levels facilitates an understanding
of distinct pathways salient in various populations experiencing health
disparities. For instance, substantial evidence suggests that social gra-
dients of health, wherein socioeconomic status is inversely associated
with morbidity and mortality, may be attenuated or “flattened” among
Black populations for many health outcomes; for example, disparities
in pregnancy-related mortality experienced by Black women in the
United States are not mitigated by maternal educational attainment.®°
The most relevant risk and protective exposures for affluent Black
Americans likely vary from those impacting low-income communities,
but some factors such as structural and individual-level racial discrimi-
nation play a role across socioeconomic status. In total, the Health Dis-
parities Research Framework allows for consideration of the unique
pattern of factors experienced in various groups, and importantly, the

unique targets for intervention.

3 | AD BIOMARKERS

Increased focus on a biological framework for AD8 intensifies the
need to measure the disease biomarkers in vivo in clinical care set-
tings. Without a biological test for the disease, diagnosis relies solely
on the practical—but often imperfect—clinical assessment. Contribut-
ing to misdiagnosis, common cognitive assessment practices do not
perform equally across races; inherent if unintentional test bias low-
ers the validity of many screeners and tests for Black patients and
participants.¢142 Clinical diagnostic and referral practices can be sub-
ject to systemic and interpersonal biases, as clinical®® and population-

225 revealing parallel

based®* studies have suggested. Moreover, data
declines with age, but worse average measured cognitive performance
in Black individuals compared to White individuals suggests that cogni-
tive tests may over-pathologize cognitive status in Black populations,
and under-identify cognitive impairment in Whites. In other words,
our current cognitive tests and testing environments may not perform

equally across races.
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Altogether, there are several advantages to applying biomarkers in
conjunction with clinical examination. First, biomarkers can assist clin-
ical assessment by increasing the reliability of diagnosis. Second, more
reliable diagnosis would help identify those individuals who can benefit
the most from participation in clinical trials targeting specific patholo-
gies or symptoms. Third, work is ongoing to refine the prognostic accu-
racy of biomarkers for pre-clinical stages of AD, and mild cognitive
impairment (MCI),®> allowing for timely detection of disease. Impor-
tantly, biomarker assessment would need to occur in combination with
clinical assessment, as is typical for other health conditions including
hypercholesterolemia and diabetes.

Biomarkers for AD are evolving. At present, cerebrospinal fluid
(CSF) biomarkers for AD-related molecular changes and positron emis-
sion tomography (PET) tracer-dependent neuroimaging of amyloid and
tau provide the most direct measurements of AD pathology. How-
ever, rates of biomarker research participation are lower for many
marginalized populations including racial and ethnic minoritized com-
munities. In addition to insights on risk and resilience mechanisms,
the health disparities lens offers clarity for addressing barriers to par-
ticipation in and completion of AD biomarker studies. Imaging and
lumbar puncture protocols are high burden: they are time-consuming
and may be intimidating to participants. Lumbar puncture can be
painful and even when participants have consented and prepared to
participate, research teams may not be trained to make minor pro-
cedural adaptations and accomodations needed in the presence of
obesity and other health conditions more prevalent in socially disad-
vantaged populations. Further, lumbar puncture is associated with his-
torical trauma for some Black participants given that the procedure
was also used in the Tuskegee syphilis study. Table 1 provides a sum-
mary of currently available AD biomarker methods. In a later sec-
tion, we detail findings specific to Black American cohorts for each
biomarker methodology.

Current methodologies for measuring biomarkers per the AT(N)
criteria of the NIA-AA Research Framework® include neuroimaging
and fluid biomarkers. Apart from neuropathological evaluation, amy-
loid imaging with PET, using tracers that bind to fibrillar amyloid beta
(AB) remains the gold standard for determining AD-specific pathologi-
cal status and has been in use for more than 15 years.®® Amyloid PET
tracers are used to determine amyloid positivity and localize regional
amyloid accumulation for staging disease severity. In recent years, sev-
eral compounds have been evaluated for their binding affinity to abnor-
mal aggregates of filamentous tau protein constituting NFTs, including
the Food and Drug Administration (FDA)-approved [18F]-flortaucipir
(Tauvid), which preferentially binds to paired helical filament-tau con-
taining NFTs.6” Currently, the availability of tau PET imaging data from
diverse populations is very limited.

Fluorodeoxyglucose (FDG) PET and magnetic resonance imaging
(MRI) have been widely used to evaluate abnormal glucose utiliza-
tion and neurodegeneration in AD.¢8-70 Additionally, MRI can provide
an estimate of the extent of cerebrovascular dysfunction or injury.
Although vascular injury is not included within the AT(N) framework,
determining vascular contributions to cognitive impairment is still an
important focus in the study of ADRD”? (see Table 1).72-74

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

CSF AB42 and the CSF AB42/AB40 ratio are established biomarkers
for the A criterionin the AT(N) framework. Recent studies indicate that
the AB42/AB40 ratio is concordant with amyloid PET positivity and that
the two biomarkers can be used more or less interchangeably. Origi-
nally described as markers of neurodegeneration and tangle pathology
markers, CSF total tau (t-tau) and phosphorylated tau (p-tau) corre-
late highly’> and are remarkably AD-specific’?; that is, their increase
in CSF is a reaction to AB exposure.”” Regarding neurodegeneration,
CSF neurofilament light (NfL) might be a better direct marker; it cor-
relates with imaging evidence of neurodegeneration, and tracks age-

related brain changes.”®

4 | AD BIOMARKER COMPARISONS BETWEEN
BLACK AND NON-HISPANIC WHITE SAMPLES

In this section, we summarize the handful of studies examining AD
biomarker data in US Black cohorts. In all but one case,'” Black partici-
pants’ ethnicity was not reported. Table 2 provides a summary of study
characteristics and findings. In Table 3 and sections below, we organize
our discussion of extant literature by the AT(N) criteria and by cohort
type.

Of note, efforts to compare data from Black participants to White
participants are problematic as others have highlighted.”? The com-
parisons described here should not be interpreted as implying that
White participants are a “gold standard” or reference group. Rather, we
highlight these comparisons between Black and White populations to
emphasize (1) the problems with applying cut-points derived from pre-
dominantly White samples, and (2) how environmental, sociocultural,
and behavioral factors associated with race in the United States may
contribute to AD pathology.

41 | Amyloid biomarkers
41.1 | Amyloid PET biomarker from subset of a
population-based cohort

Contrasting two analyses from an ancillary study linked to the
population-based Atherosclerosis Risk in Communities (ARIC) study
highlights how adopting a life course perspective may alter the inter-
pretation of racial differences in amyloid PET findings.1#80 Initial find-
ings from the ARIC amyloid PET study indicated that Black race was
associated with a greater than 2-fold increased odds of exhibiting a
positive amyloid status, with Black participants demonstrating ele-
vated odds of amyloid deposition in the cingulate gyrus; the precuneus;
and the orbitofrontal, prefrontal, and superior frontal cortices.1* While
concurrent vascular risk factors were examined, the authors did not
find that they accounted for associations between Black race and amy-
loid positivity. The paper concluded that genetic and/or metabolic fac-
tors may account for racial differences in amyloid status. However,
limitations of unmeasured confounding remained, and social forces

that are likely to drive hypothesized or reported findings were not



6 | Alzheimer’s & Dementia GLEASONET AL

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

TABLE 1 Summary of AD biomarker methods

* [11C]Pittsburgh compound-B (PiB) Amyloid quantified in comparison to a + Global or regional amyloid burden
* [18F]Florbetapir (Amyvid) reference brain region, deriving

* [18F]Flutemetamol (Vizamyl) « DVRor

* [18F]Florbetaben (Neuraceq) « SUVR

Typical reference regions include
* Cerebellum (gray and/or white matter),
pons, or subcortical white matter

* [18F]Flortaucipir (Tauvid) Tau quantified in comparison to a reference * Global or regional tau tangle pathology
* [18F]MK-6240 brain region, deriving

+ [18F]RO-948 * DVRor

+ [18F]PI-2620 * SUVR

+ [18F]GTP1 Typical reference regions include

* Cerebellum (gray and/or white matter),
pons or subcortical white matter

* [18F]Fluorodeoxyglucose (FDG) Cerebral glucose uptake/metabolism * Hypometabolism is typically interpreted as
¢ SUVorSUVR neurodegeneration (especially synaptic
Images typically normalized to: loss)

* Cerebellum, pons, whole brain/global signal

* T1-weighted MRI « Gray matter, white matter, and CSF volumes used to index atrophy
* Regional atrophy assessed by examining volume at the voxel or vertex-level, or volume of
segmented structures (eg, hippocampus) in reference to total brain or intracranial volume
* Cortical thickness/thinning

* T2FLAIR MRI to assess WMH * Marker of small vessel disease
* Arterial spin labelling perfusion MRI * Marker of capillary flow

* Ap40 * Immunoassays * Lower levels of AB42 and reduced
* Ap42 * Mass spectrometry AB42/AB40 ratio suggest deposition in
brain tissue, that is, AD neuropathology

(Continues)
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TABLE 1 (Continued)

CSF tau: Quantification of tau proteins in CSF (T)

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Proteins Detection methods

*+ Ttau * Immunoassays

* P-taul8l * Mass spectrometry
* P-tau217

* P-tau231

Various other proteins measured in CSF (N)

Interpretation

* Higher levels of tau proteins suggest A
pathology-induced neuronal tau
phosphorylation and secretion, that is,
AD-type tau pathophysiology

Proteins Detection methods
* NfL * Immunoassays
* Neurogranin (Ng) * Mass spectrometry

* Chitinase-3-like protein 1 (YKL-40)
« Glial fibrillar acidic protein (GFAP)

Table 1 (C). Plasma AD biomarkers

Interpretation

* Axonal degeneration (NfL)

* Synaptic dysfunction and degeneration
(Ng)

* Neuroinflammation/astrocytic activation
(YKL-40, GFAP)

Plasma AB: Quantification of amyloid proteins in plasma (A)

Proteins Detection methods
+ AB40
* Ap42 * |[P-MS

Plasma tau: Quantification of tau proteins in plasma (T)

* Single molecule array (SIMOA)

Interpretation

* Lower levels of AS proteins suggestion
deposition in brain tissue, that is, AD
neuropathology

Proteins Detection methods

* T-tau * Single molecule array (SIMOA)
* P-tau181 * IP-MS

* P-tau217

Various other proteins measured in plasma (N)

Interpretation

* Higher levels of tau proteins suggestion
deposition in brain tissue, that is, AD
neuropathology

Proteins Detection methods

* NfL
* Glial fibrillary acidic protein (GFAP)

* Single molecule array (SIMOA)

Interpretation

* Axonal degeneration (NfL)
* Neuroinflammation/astrocytic activation
(GFAP)

Abbreviations: A, amyloid beta; AD, Alzheimer’s disease; AT(N) criteria, National Institute on Aging-Alzheimer’s Association Research Framework with
(A) amyloid beta deposition, (T) tau hyperphosphorylation or tangle formation, and (N) neuronal death; CSF, cerebrospinal fluid; DVR, distribution volume
ratio; IP-MS, immunoprecipitation mass spectrometry; MRI, magnetic resonance imaging; NfL, neurofilament light; PET, positron emission tomography; p-
tau181/217/231, tau phosphorylated at threonine 181/217/231; SUV, standardized uptake value; SUVR, standardized uptake value ratio; t-tau, total tau;

WMH, white matter hyperintensities.

discussed. Subsequent analysis of the data®® could be considered an
early and preliminary adoption of a life course perspective. Specifically,
the investigators examined the relationship between midlife vascular
risk factors (ages 45-64) in Black and White participants, and elevated
amyloid status approximately 20 years later. Having two or more vas-
cular risk factors at midlife was associated with risk of elevated amyloid
deposition later in life, but no race-by-risk factor interactions were
observed, indicating that Black and White adults demonstrated a simi-
lar relationship between midlife vascular risk and elevated risk for AD
pathology. Simply stated, the authors concluded that Black individuals
may have more vascular risk factors at midlife, and in turn that these
disparities in vascular risk factors may drive disparities in ADRD later
in life. Below we discuss further opportunities to embed the findings in
amulti-level, mechanistic framework.

412 | Amyloid PET biomarker convenience samples

Three studies, two from the same center, provided amyloid PET com-
parisons from convenience samples of Black and White individuals,
revealing disparate results. Morris et al.12 examined amyloid PET mea-
sured with partial volume-corrected mean Pittsburgh compound B
(PiB) standardized uptake value ratios (SUVRs) in older adults in three
diagnostic categories: cognitively healthy, MCI, or AD. Amyloid bur-
den increased with age as expected and equally for Black and non-
Hispanic White participants. Meeker et al.’> included only cognitively
healthy adults from the same Alzheimer’s Disease Center (ADC) as
Morris et al., expanded amyloid imaging methods to include both PiB
and [18F]-florbetapir measurements, and obtained consistent results
with Morris et al.
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In contrast, Deters et al.l” found that non-Hispanic Black partici-
pants demonstrated lower cerebral amyloid deposition compared to
non-Hispanic Whites. Using [18F]-florbetapir imaging data from the
Anti-Amyloid Treatment in Asymptomatic Alzheimer’s Disease (A4)
study, which included cognitively healthy adults being screened for
a clinical study, the investigators further examined whether African
ancestry estimated with genome-wide single nucleotide polymor-
phisms (SNP) array data or APOE ¢4 status influenced the associa-
tion between race and amyloid status. Black race and African ances-
try were associated with decreased amyloid deposition, and an interac-
tion effect of APOE ¢4 carrier status was found, such that non-Hispanic
Black participants who were APOE ¢4 positive evidenced lower amy-
loid deposition than non-Hispanic White individuals who were APOE ¢4
positive. Deters et al.}” note that social determinants including neigh-
borhood disadvantage and stress are likely to shape brain health and
that these data will be crucial to collect and explore in future studies of

dementia risk in Black populations.

41.3 | CSF amyloid biomarkers from ADC cohorts
Several studies enrolling from ADCs have examined CSF amyloid in
Black and White participants.11-1316 |n general, most studies found
minimal racial differences in the various Ag-analyte levels, and none
found between-group differences in CSF AB42. Variations in findings
related to which analyte was examined—AB38, AB40, or AB42—or to
which diagnostic category participants belonged: cognitively healthy,
MCI, or AD dementia. Howell et al.1® found that CSF AB40 was lower in
Black than White participants but only for cognitively healthy individ-
uals. Also, with cognitively healthy adults, Kumar et al.1¢ found a dif-
ference only in CSF AB38 levels with Black participants having lower
levels of the analyte. Garrett et al.1! found isolated differences by race;
specifically, Black participants with MCl demonstrated higher Ag40
levels than White participants with MCI. Overall, given the small sam-
ple sizes and paucity of studies, more replication is needed before con-
clusions about differences by race can be made.

414 | Summary of amyloid comparisons

Table 3 summarizes findings from studies examining racial differences
in amyloid biomarkers. Briefly, amyloid burden as indexed by CSF A342
appears to be similar in Black and White participants. Importantly, all
CSF amyloid data were derived from ADC samples. In contrast there
was greater variability in comparisons of amyloid imaging. It is possible
that the site of acquisition could influence findings. For example, amy-
loid imaging from ADCs suggests similar levels of deposition between
Black and White participants. In contrast, the ARIC-PET study* and
an examination of A4 screening amyloid PET data®’ reported racial dif-
ferences in amyloid deposition, but in divergent directions (i.e., higher
and lower cortical amyloid in Black individuals compared to White

individuals).
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4.2 | Tau biomarkers

Among studies examining in vivo tau pathology, all but one relied on
CSF levels of tau isoforms, t-tau and p-tau181.12-1316 Meeker al.l>
used PET tau imaging using [18F]-flortaucipir. Across all CSF studies,
tau isoform levels were lower in Black compared to White partici-
pants. Small variations in subgroups were observed. For example, How-
ell et al.’® observed these differences in cognitively healthy partici-
pants, whereas Garrett et al.!! noted these differences only in partici-
pants with MCI. Morris et al.!2 found the differences in both cognitively
healthy and impaired participants.

None of the above studies found that CSF tau levels were asso-
ciated with other pertinent comorbidities, including cerebrovascular
disease, cardiovascular risk factors, or white matter hyperintensities
(WMH). Most concluded like Howell et al.!3 that cerebrovascular dis-
ease, estimated with MRI measures of ischemic lesion burden, did
not account for the differences in CSF t-tau or p-tau181. Rather, the
authors hypothesized that possible differences in how APOE &4 carrier
status may interact with tau production/dysregulation might account
for the racial differences in CSF tau levels, supported by other data sug-
gesting that the APOE ¢4 genotype has a diminished association with
AD in Black participants.8!

In contrast to CSF measurement of tau, a tau imaging study found no
racial differences in tau deposition.’> However, few studies have been

conducted in diverse groups.

421 | Summary of tau comparisons

Among the studies published to date, there is general agreement that
CSF tau protein levels differ between Black and White participants,
with the caveat that all data were obtained from ADCs (see Table 3).
In all studies examining CSF p-tau181 and t-tau, values were lower
in Black than White individuals, suggesting lower levels of tau pathol-
ogy or lower amyloid-induced tau pathology. In contrast a tau imaging
study suggested no difference in deposition between Black and White
participants.'® The role of social factors rooted in racialization have in

generating in these differences remains unclear.

4.3 | Neurodegeneration biomarkers

A large number of studies have examined racial differences in various
indicators of neurodegeneration. We focus here on those examinations
of neurodegeneration in conjunction with amyloid and tau biomarkers
(see Table 3). Several studies already highlighted included markers of
neurodegeneration in combination with other AD biomarkers.

In some cases,11:12.15

atrophy was compared by race, with most find-
ings suggesting less global and/or regional atrophy in White partici-
pants than in Black participants. However, Garrett et al.!! found the
reverse was true among individuals with MCI, observing that models

correcting for covariates reduced or eliminated volume differences.
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Of those studies examining WMH volume or cerebrovascular dis-
ease burden,? 1> none found differences between Black and White
adults despite the greater prevalence of cardiovascular risk factors in
Black participants. On the other hand, Howell et al.23 found that race
modified the relationship between WMH and cognition with Black par-
ticipants showing more cognitive impairment than Whites with every
unit increase in WMH.

Only Howell et al.23 measured CSF NfL, a marker of neurodegener-
ation. Among cognitively unimpaired participants alone, Whites exhib-
ited higher NfL levels, that is, more neurodegeneration than cognitively

normal African Americans.

4.3.1 | Summary of neurodegeneration comparisons
Findings related to neurodegeneration were variable (see Table 3),
likely dependent on how neurodegeneration was estimated. All stud-
ies found Black participants to have lower cerebral volume measure-
ments, but differences were not universally apparent after models
were corrected for differences in sociodemographic factors. In a sin-
gle study, CSF NfL values suggested less neurodegeneration in cog-
nitively healthy Black participants than White participants, but val-
ues were similar across races when cognitively impaired groups were

compared.

5 | CONTEXTUALIZING FINDINGS—
EXPLANATIONS AND IMPLICATIONS

There is a scarcity of studies examining AD biomarkers in Black
cohorts. These seven studies represent, to our knowledge, the bulk
of all imaging and CSF biomarker publications at this time that ana-
lyze and discuss Black race as a key participant characteristic. Still, the
papers reviewed here included cohorts and outcomes too disparate to
warrant attempting meta-analytic summaries. This important limita-
tion highlights the pressing need for diverse cohorts of research par-
ticipants. Available data, largely from older ADC cohorts, represent
a heterogeneity of cognitive statuses and describe preliminary racial
differences in only one of the three AT(N) criteria. Specifically, CSF t-
tau and p-tau levels (T) levels were generally lower in Black individ-
uals compared to Whites. It might be hypothesized that more exten-
sive cerebrovascular disease among Black adults could result in greater
cognitive impairment even in the context of less AD-related tau neu-
ropathology, or that racial inequities in access to resources like educa-
tion result in inequities in cognitive reserve. Notably, no study found
that the differences in tau levels were explained by measured coexist-
ing vascular or cerebrovascular disease. Similarly, the available results
so far on NfL, a marker highly sensitive to axonal degeneration induced
by cerebrovascular disease,”® show no race-associated differences.
Critically, additional studies are needed with cohorts that are repre-
sentative of the racially heterogeneous population of the United States
in addition to studies that consider multiple pathologies, to better
understand the potential impacts of racialization in the United States.

In the following sections we start to contextualize findings from stud-

ies identifying racial differences and similarities in biomarker levels.
Specifically, we apply the NIA Health Disparities Reseacrch Framework
to findings and consider the influence of commonly used study enroll-
ment practices.

5.1 | Applying the NIA Health Disparities Research
Framework to AT(N) findings in a racialized group

In several of the reviewed papers, the studies’ authors proposed
genetic differences could account for racial differences in biomarker
status. A growing body of research is exploring genetic risk and
resilience associated with African ancestry in Black populations his-
torically excluded from biomedical research.!’ In general, these stud-
ies could also help elucidate how environmental and societal factors
may converge with genetic factors to influence health disparities. How-
ever, as noted above, current evidence for social determinants of racial
disparities in cognitive health suggests that race remains an imprecise
concept, more accurately defined as a societal construct, rather than
a biological or genetic characteristic.828% As such, it is most certainly
social factors that underpin observed differences. Of the reviewed arti-
cles, only one explicitly described the social construction of race and
the systematized risk exposures that may foment racial brain health
disparities.’” Thus, research on brain health disparities would benefit
from using a framework that can take a multifactorial approach. In this
section, we propose that applying the NIA Health Disparities Research
Framework!? to AT(N) findings would open new lines of inquiry and
offer new targets for intervention and prevention.

Figure 1 offers an example of how commonly studied downstream
ADRD risk factors can be contextualized with the Health Dispari-
ties Research Framework.'? Doing so expands interpretation of fac-
tors contributing to the AT(N) pathology and broadens opportunities
for translational research and intervention. Distal factors like struc-
tural racism plausibly link to proximal factors like metabolic diseases,
inflammation, and mood disorders, which initial reports suggest asso-
ciate with the AT(N) signal,84-87 via risk exposures including poorer
health care and constraints on physical activity. In the case of Black
Americans, stress related to racialization and structural racism may
be a life-long or chronic exposure, resulting in “weathering”—the pro-
cess of premature aging hypothesized to play a major role in many
racial health disparities. As noted earlier, stress associations with neu-
rotoxicity, metabolic dysfunction, and health behaviors suggest multi-
ple mechanistic targets for modifying both AT(N) pathologies and cog-
nitive reserve.’>->” Howell et al.13 proposed a related idea, suggesting
that “non-AD copathology” (p. 5) may cause greater cognitive decline
in Black individuals than Whites. As such, Black participants could
potentially be identified as impaired—with either MCI or dementia—
at a younger age than White participants and with less advanced tau
pathology.

Analyses like those from the ARIC-PET®? substudy offered further
insights on life-course risk—another important domain in the Health
Disparities Research Framework. Specifically, excess vascular risk at
midlife but not late life was associated with elevations in cortical amy-

loid for both Black and White participants. The authors concluded
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FIGURE 1

Hypothetical model integrating the National Institute on Aging (NIA) Health Disparities Research Framework with the

amyloid/tau/neurodegeneration (AT[N]) criteria from the NIA-Alzheimer’s Assocation Research Framework. Evidence supporting individual
examples association with Alzheimer’s disease biomarkers is hypothetical in some instances. Examples are generally categorized as environmental,
sociocultural, behavioral, or biological factors. However, we acknowledge that many examples can belong in multiple categories

that the greater prevalence of AD clinical syndrome in Black individ-
uals could result from higher rates of midlife vascular risks in Black
compared to White adults. A deep examination of factors contribut-
ing to the higher prevalence of mid-life metabolic disease would pro-
vide footholds for prevention strategies—specifically, strategies that
account for and address both the social determinants of vascular health
for Black populations as well as population-salient barriers to manag-
ing vascular conditions like hypertension and diabetes in middle age.
In summary, we should not stop at identifying what individual-level
behaviors or isolated risk factors are associated with ADRD in Black
populations. The Health Disparities Research Framework? could be
used to guide both data collection and inquiry into what policies
would reduce dementia disparities. Recent publications call for more
robust assessment of social and environmental factors associated with
ADRD health disparities,2® as well as a public health approach to
ADRD risk reduction across the life span through health promotion,
improved access to care, and other policy- and system-level changes.8?
In total, examining ADRD risk through the lens of the Health Dispar-
ities Research Framework can not only clarify mechanisms, but also
identify targets for intervention. In Figure 1 policy changes would
target several distal factors, personalized medicine approaches could
improve outcomes for proximal factors, and public health interventions

for those factors in between.

5.2 | Influence of enrollment practices

Another explanation that takes research context into account is that

differences noted in this review may be partially explained by selec-

tion or ascertainment biases within study cohorts. Available data were
largely from highly selected cohorts. Moreover, studies often use diver-
gent enrollment practices when recruiting minoritized versus non-
minoritized racial groups. We recently reported? findings using data
collected at US ADCs, revealing that cognitively healthy Black partic-
ipants showed no greater hazard for incident MCl or dementia than
White participants and that Black participants with MCI evidenced a
lower hazard for incident dementia than similar White participants.
Notably, White participants were more likely to have been referred to
an ADC by a medical provider and to report a family history of AD than
Black participants.

It may be that Black participants enrolled at ADCs are healthier and
better-resourced than non-participating Black peers, that is, exhibit
a healthy participant bias, which could potentially explain biomarker
results in which Black participants have lower levels of tau pathology
compared to White participants. It is equally likely that White partici-
pants from ADCs represent a highly selected and unique sample, given
that they report high levels of reserve-building resources like educa-
tional attainment—and they are also more likely to have been recruited
by a clinician, in many cases after presenting with subjective mem-
ory complaints and/or a family history of dementia. Specifically, both
AD pathology and cognitive reserve may be over-represented in afflu-
ent White ADC samples, as was suggested by our analyses.?® Taken
together, it should not be surprising that Black and White participants
recruited in different settings would present with differences in under-
lying AD risks and biomarker profiles. It follows that interpretations
of patterns of cognitive status, AD biomarkers, and exposures would
be flawed due to differences in enrollment patterns—differences sec-

ondary to disparate barriers to research participation.
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As such, caution is warranted when considering data from these and
similar cohort-derived comparisons, especially when studies involve
intensive and invasive procedures such as lumbar puncture collection
of CSF. Examples include neuropathological studies’! as well as our
own neuroimaging analyses,”%?% wherein differences in underlying dis-
ease mechanism are suggested from racial comparisons of ADC par-
ticipants. Indeed, we suggest that across many volunteer cognitive
aging cohorts, the White cohort more than the Black cohort is atyp-
ical and divergent from the general population, that is, at higher bio-
logical risk for AD than the general population despite the dispropor-
tionate prevalence of high educational attainment and other protective
factors.

It is possible that fully inclusive population-based studies may find
more similarity than dissimilarity across race and ethnicity in AD
biomarkers. Further, it may be the case that a greater burden of cumu-
lative ADRD risk factors—including elevated midlife vascular risk fac-
tors but also many seldom-measured, upstream social determinants—
explains elevations in ADRD incidence and prevalence in Black Amer-
icans, a notion consistent with the NIA Health Disparities Research
Framework.l? However, as we have repeatedly emphasized, more
research in this area, and in larger and more representative samples,

is greatly needed.

6 | THE PROMISE OF PLASMA BIOMARKERS AS
A MEANS TO IMPROVE DIVERSITY IN AD
RESEARCH

Over the past decade, with refinement of collection and processing
procedures as well as analytics, blood-based or plasma AD biomarkers
are emerging as reliable and valid alternatives to biomarkers obtained
with more invasive collection procedures, for example, lumbar punc-
ture and radioactive tracers (see O'Bryant et al.”* and Blennow &
Zetterberg?® for reviews). Blood-based biomarkers could be described
as a “holy grail” of biomarker AD research. A simple, inexpensive,
non-invasive test for AD can accelerate observational epidemiological,
genetic, and clinical trial research; diagnostics in the clinic; and, when
specific AD treatments are developed, allow appropriate identification
of patients who would benefit most from AD-targeted treatment. Cru-
cially, advances in blood-based biomarkers also present an opportu-
nity to move data collection out of the laboratory and into the commu-
nity, offering a practical, patient-oriented strategy for broad population
assessment. Likewise, blood-based biomarkers could also offer ameans
to mitigate significant barriers to participation in research,’® and espe-
cially barriers unique to AD biomarker research.”” However, data on
these blood biomarkers have been largely collected in non-Hispanic
White populations; this is a knowledge gap that now can and must be
addressed.

Highly precise blood AS biomarkers, listed in Table 3, were recently
reported to have high concordance with both amyloid PET scans and
CSF AB42/AB40 ratio,”® the gold standard biomarkers for amyloid
plaques. These recent developments were enabled by highly specific

and precise methods to measure AS in plasma by mass spectrometry,”?

but there are also promising results from immunoassays with diagnos-
tic accuracies for AS pathology of greater than 80% and receiver oper-
ating characteristics (ROC) area under the curve (AUC) of > 0.85.100
In individuals who are amyloid PET-negative but AB-positive by blood
test, there is a 15-fold greater risk of converting to amyloid PET posi-
tivity over time compared to those with a negative blood test result.”®
These results seem to suggest that plasma A may be an earlier detec-
tor of Ag plaque deposition than amyloid PET.

Recently developed methods have made it possible to measure p-
tau181 concentration in blood. Tau PET, CSF p-tau181, and plasma p-
tau181 are highly correlated when an ultra-sensitive assay for the lat-
ter biomarker is used.'! Very similar results were generated using an
immunoassay with electrochemiluminescence detection.192193 |nter-
estingly, high plasma p-tau181 concentration has been found in tau
PET-negative individuals who have evidence of brain amyloidosis
by amyloid PET.1°! The validity of plasma p-tau181 tests are fur-
ther supported by evidence that this biomarker predicts subsequent
AD dementia in cognitively unimpaired individuals and patients with
MCI,192 shows a significant increase in pre-symptomatic familial AD
(FAD) mutation carriers more than a decade before estimated symp-
tom onset, %% and accurately (AUC 0.97) predicts AD post mortem
pathology.19% Importantly, the increase in plasma p-tau181 has con-
sistently been found to be specific for A plaque pathology in AD
in that levels are normal in other neurodegenerative disorders.19°
Recent data suggest that p-tau217 might be an even better blood
biomarker for AD,% potentially by being more central nervous
system-specific and/or more related to AD-specific tau phosphoryla-
tion compared to p-tau181, which might also reflect physiological plas-
ticity processes.107

Finally, among the fluid biomarkers, NfL is the blood biomarker that
has been the easiest to develop into a blood test. Virtually all CSF NfL
findings described above have been replicated in blood with sensitive
assays, corroborating that it can be used as a general blood test for neu-
ronal injury/neurodegeneration.'8

Taken together, the impact of blood-based measures of AD pathol-
ogy would be profound in the clinic, as well as in epidemiological
and clinical studies. The blood-based biomarkers could democratize
our currently imperfect (biased) clinical diagnostics and give informa-
tion on the A (plasma AB42/A340), T (plasma p-tau, with the potential
caveat that it may be a predictive rather than a direct tau pathology
marker), and N (plasma NfL) criteria of the AT(N) framework. Further,
blood-based biomarkers could facilitate access to future anti-amyloid
treatments, and relevant for the current paper, greater representation

in research studies and clinical trials.

7 | CONCLUSIONS

In this paper we propose applying the NIA Health Disparities Research
Framework within the NIA-AA Research Framework. In particular, we
believe considering the effects of racialization using the Health Dispar-
ities Research Framework will shed light on those factors driving AT(N)

changes described in the NIA-AA Research Framework.
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For example, we can improve our methods and current data col-
lection practices. Self-reported indicators of specific ethnicity should
be collected routinely, and participants must be given the opportunity
to describe a multiracial background. Data on social determinants of
health can improve AD research rigor and reach across areas: it can
illuminate both sources of selection bias for biomarker study recruit-
ment, and mechanisms of brain aging. Collection should be broad-
ened to include variables more nuanced than years of education; for
example, quality of education, experiences of discrimination, neighbor-
hood characteristics, acute and chronic stress, and social network and
availability of support, among other life course factors. When assess-
ing cognitive function, inclusive normative data should be used to
avoid over-pathologizing participants from minoritized communities.
In the meantime, our analytic approaches should move beyond Black
and White racial comparisons to recenter brain health and AD pre-
vention within Black populations as an achievable goal.”? Adequately
powered samples allowing for stratified analyses, for instance, could
clarify population-salient risk distributions and effect sizes. Similarly,
biomarkers should be interpreted using inclusive cut-points. Addition-
ally, the results of the current review suggest numerous opportunities
to improve diversity in ADRD research to more accurately reflect the
general population. Recruitment efforts should seek to include more
population-representative participants, not just those with socioeco-
nomic advantages that enable participation in high-burden research.
For example, population-based biomarker studies with representative
samples would help address concerns about recruitment and ascer-
tainment biases. Finally, given the historical trauma and practical bur-
den associated with CSF collection for many Black participants, exam-
ining amyloid and tau could be accomplished with plasma measure-
ments rather than CSF.

We close with an optimism for a future of improved inclusion
of diverse populations in ADRD research, such that we more accu-
rately represent the general population. AD biomarkers are increas-
ingly more accessible. Blood-based biomarkers could help overcome
barriers to research participation and facilitate sample collection in
community-based settings and away from academic medical centers.
The methods would also make longitudinal sample collection and life
course studies easier, offering opportunities to more rigorously explore
timing, including sensitive periods as well as temporal order of expo-
sures and outcomes. We could use community-based participatory
research methods and population-based enrollment practices to part-
ner with groups typically under-represented in ADRD research.10?
An integrated approach framed within a multi-level life course model
can give rise to innovative research designs, relevant data contextu-
alization, and comprehensive interventions. Such an approach holds
promise to accelerate discoveries serving to promote health equity.

Inarguably, there is much work to be done.
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