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Abstract

The poor generalizability of clinical research data due to the enrollment of highly educated,
non-Latinx White participants hampers development of therapies for Alzheimer’s disease (AD).
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Black and Latinx older adults have a greater risk for dementia, yet it is unclear how health

care disparities and sociocultural factors influence potential AD therapies and prognosis. Low
enrollment of under-represented populations may be attributable to several reasons including
greater exclusion due to higher rates of comorbidities, lower access to AD clinics, and the

legacy of unethical treatment in medical research. This perspective outlines solutions tested in the
Brain Health Registry and the Alzheimer’s Disease Neuroimaging Initiative, including culturally-
informed digital research methods, community-engaged research strategies, leadership from
under-represented communities, and the reduction of exclusion criteria based on comorbidities.
Our successes demonstrate that it is possible to increase inclusion and engagement of under-
represented populations into U.S-based clinical studies thereby increasing the generalizability of
their results.

Introduction

Alzheimer’s disease (AD) is a heterogeneous neurodegenerative condition, underlain

by complex neurobiological mechanisms. There is substantial variability in clinical
manifestations, age of onset, levels of biomarkers, neuropathological features, and

genetic risk factors, all of which may influence response to treatment [1].From a
biopsychosociocultural perspective [2] multiple factors influence an individual’s risk,
presentation, and course of neurologic conditions such as AD. These include biological

and psychological risk factors and comorbidities, as well as sociocultural factors (e.g.,
ethnocultural status, quality of education, socioeconomic status, acculturation) and cognitive
reserve/resilience. A greater understanding of how these factors interact to predict disease in
individuals is required to implement precision medicine approaches.

A decade ago, following the passing of the United States’ National Alzheimer’s Project
Act, the need for a large, population-based, longitudinal cohort to study healthy aging and
preclinical dementia was identified [3]. Such a cohort would provide a setting in which
biological markers for the early detection of neurodegeneration and underlying pathologies
could be validated, allowing comparison of results across different studies. It would provide
a diverse population for genomic studies to identify the genetic architecture of AD, enable

a better understanding of underlying pathogenic mechanisms, and allow the development of
disease models and accurate risk prediction. A similar Framingham like international study
was proposed by an OECD working group [1]. At the core of these proposals was that
genetic and cultural diversity of cohorts were essential to investigate how the interaction

of genetic, lifestyle, and environmental factors affect the risk and clinical course of AD

and dementia.. However, as yet, our understanding of the contribution of these factors

has emerged, with a few notable exceptions, from observational studies and randomized
clinical trials of predominantly highly educated, non-Latinx White samples [4, 5] that are
not representative of the wider population [6]. Results obtained from current clinical AD
research cohorts may lack external and internal validity due to limited generalizability to the
wider population [7]. They likely provide an incomplete picture of how sociocultural factors
influence AD diagnosis and the safety and efficacy of potential AD treatments. Therefore,

it is critical to expand research participation and provide comprehensive characterization of
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populations who experience disproportionate disease impact but who have been historically
under-included in AD research [8].

People of minoritized ethnocultural backgrounds and those from low resource settings,

who are under-served and under-included in clinical research, differ in dementia risk,
prevalence, and incidence [9]. In the United States, Black and Latinx populations have a
greater prevalence and incidence of dementia clinically diagnosed as AD [10], while low
socioeconomic status is associated with worse cognitive outcomes [11] including a greater
risk of dementia [12]. Biologically, studies of CSF and blood biomarkers of AD in different
ethnocultural populations have reported variable results [6, 9], but consistently find that
biomarker cut points established in predominantly non-Latinx White populations are not
always generalizable to other ethnocultural populations 1[13]. Black Americans had lower
levels of the AD pathological biomarkers, CSF phosphorylated and total tau compared

to non-Latinx White Americans, despite similar cognition [14]. Intriguingly, these lower
levels of AD biomarkers were only observed in carriers of the APOE 4 AD risk allele.
While the frequency of the APOE e4risk allele was approximately 50% higher in Black
Americans and Native Hawaiians compared to other ethnocultural groups in the Multiethnic
Cohort Study [15], it did not fully account for the racial/ethnic disparities in AD incidence
However, among APOE e4 non-carriers, Black American and Latinx populations had a
significantly higher incidence of dementia. These studies suggest that the APOE 4 allele
and traditional AD pathological biomarkers do not fully account for the observed differences
in prevalence, incidence, and risk of AD in minoritized ethnocultural populations in the
United States, and that the APOE 4 allele may have differential effects within these
populations. Sociocultural and environmental factors associated with racial and structural
inequities that confer increased AD vulnerability may instead account for this elevated risk.
It is also possible that differences between ethnocultural groups in as yet unknown genetic
risk factors beyond the APOE 4 allele contribute to the observed differences in prevalence,
incidence, and risk of dementia.

The increased risk of dementia in these under-included populations [6, 9, 16] may be
partially attributable to unequal exposures to a variety of environmental, sociocultural, and
behavioral factors that exert their effect “upstream” of biological factors [6, 9, 16], as
suggested by the application of the National Institute on Aging Health Disparities Research
Framework [6, 17] to AD. Exposure to pollution, smoking, and chronic stress result in
health inequities via probable epigenetic mechanisms [18], which may act in concert with
factors such as inequitable access to a healthy diet, healthcare, and education [6]. People
from minoritized and marginalized communities differ in their rates of comorbidities, such
as cerebrovascular disease and psychiatric disorders, that are commonly associated with AD
pathology [19, 20] and that affect AD disease susceptibility and progression. The synergistic
interaction of these factors may influence the traditional AD pathological cascade, or affect
other dementia risk or protective factors such as comorbidities, immune function, and
resilience [6, 9].

Given the need for more diverse cohorts and the failure of many clinical studies to engage
and retain these populations,, it is critical to understand historical and contemporary factors
contributing to the inadequate representation of these populations, and to develop strategies
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to engage them. There are several reasons for the under-inclusion of various groups in AD
clinical research in the United States [21].

1. Exclusion of people with comorbidities

Many studies of AD and other dementias, and almost all clinical trials, explicitly exclude
people with comorbidities or on medications known to affect cognition. These include
substance abuse, cerebrovascular disease including stroke, psychiatric conditions such as
severe depression, and medical comorbidities, and together, they act to exclude the majority
of older adults [22—24]. Higher rates of comorbidities in Black Americans and adults
with low education [20] result in even greater exclusion from clinical studies. In a recent
preliminary analysis [25], we examined exclusion rates of adults from under-represented
communities based on the operationalized medical condition exclusion criteria of the A4
study using data from the Health and Retirement Study [26], a representative population-
based sample in the US, with linked Medicare administrative data. The rates of exclusion
of Black and Latinx adults were significantly higher than that of non-Latinx White adults.
Likewise, those with fewer years of education and lower incomes also had higher rates of
exclusion.

2. Lower access to tertiary clinics at academic medical centers

The historic legacy of structural racism, through policies such as redlining, disinvestment
for minority communities, and resource zoning, continues to systematically contribute

to AD health inequities by creating a compounding context of inaccessibility over time.
Specifically, a key barrier to AD research participation for adults belonging to marginalized
and underserved groups is lower access to AD clinics in or near their communities[27].

The need for accessible clinics to build ties with these communities was identified

by participants of the “Diagnosis and Assessment of Alzheimer’s Disease in Diverse
Populations” workshop in Chicago, IL [28]. Furthermore, evidence from a meta-analysis of
ethnocultural differences in dementia care [29] suggests that diagnostic services are accessed
later in the disease process by Black and Latinx older adults with dementia compared to
non-Latinx White older adults with dementia.

3. Alegacy of unethical treatment and cultural bias in medical research

The legacy of unethical and abusive treatment of people from under-served and marginalized
communities in medical research is profound, pervasive, and well documented [30]. Historic
and contemporary exemplars of such mistreatment, in concert with the lack of evidence-
based, culturally-responsive approaches to medical research with these groups, help to
contextualize the hurdles that researchers must overcome to become trustworthy [31-33].
Given this legacy, mistrust of medical research is understandable and borne out in multiple
studies. The 2020 survey of the Alzheimer’s Association [27] reported that the most
prevalent reason for the failure to engage people from under-served populations in clinical
trials was the belief that the medical research is biased against people of color, held by the
majority of Black Americans, and higher proportions of Latinx, Asian and Native Americans
compared to non-Latinx White Americans. Black Americans also had the greatest mistrust
of medical research, fearing unfair treatment, that the treatment might cause sickness or that
a cure would not be shared equally. Thus, it is incumbent on researchers to acknowledge and
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understand this legacy in order to earn the trust of these under-served populations and safely
facilitate their participation in clinical research and trials. As such, the National Institute

on Aging released a strategy focusing on practical approaches to improving engagement of
these groups [34].

Some groups have successfully enrolled adults from under-represented and under-served
populations in their studies of aging, demonstrating the ability to make their studies
generalizable. These include the Health and Retirement Study [35], Multiethnic Study of
Atherosclerosis [36], the Rush Memory and Aging Project [37], the Baltimore Longitudinal
Study of Aging [38], the Hispanic Community Health Study/Study of Latinos [39], the
Washington Heights — Hamilton Heights — Inwood Columbia Aging Project [40], the
Chicago Health and Aging Project [41], the Collaborative Approach for Asian Americans
and Pacific Islanders Research and Education study [42], the Knight Alzheimer’s Disease
Research Center study [43], the Minority Aging Research Study [44], the Sacramento Area
Latino Study on Aging [45], the Health & Aging Brain among Latino Elders (HABLE)
study [46], and the Boston Puerto Rican Health Study [47] among others [48]. Despite these
notable successes, it has been difficult for multisite clinical studies, especially randomized
controlled trials of AD treatments to enroll a generalizable population.

Our recent work in both the Brain Health Registry (BHR) [49] and the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) [50] highlights a variety of innovative approaches aimed
at increasing the inclusion and engagement of people from under-served, under-represented,
and other marginalized communities into online registries and multi-center clinical research
for AD.

Health Registry

The BHR is an online website and registry established in 2014 aimed at the recruitment,
assessment, and longitudinal monitoring of participants for neuroscience research [49].
There are currently over 100,000 registrants who have provided self-report information on
health and cognitive complaints, and who take ongoing online cognitive tests and health
assessments. Registrants may be referred to various clinical studies across the U.S. and the
cohort has been used for the development and validation of online assessments. However,
non-Latinx White BHR registrants are over-represented, and Black and Latinx registrants
under-represented compared to the general U.S. population (Figure 1). For registrants aged
60+ years compared to the same age group from U.S. Census data, only 3% versus 9%
self-identify as Black and 7% versus 9% self-identify as Latinx, whereas 78% versus 75%
self-identify as non-Latinx White, and 12% versus 7% self-report other races/ethnicities
(Asian, Native American, Pacific Islander, Other, and Multiple). The disparities are even
more apparent when considering all BHR registrants versus the U.S. adult population (18+
years). Overall, since inception, BHR has enrolled 7730 (9.6 %) fewer Black older adults,
7167 (8.9%) fewer Latinx older adults, 2 657 (3.3 %) fewer non-Latinx Asian older adults,
and 23,110 (28.7%) fewer older adults with lower education (<12 years) than would be
representative of this population. The latter discrepancy is consistent with the finding that
social determinants of health are important determinants of the risk for AD and related
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dementias [51]. The BHR has employed the following novel approaches to address these
issues:

1. B. Smith campaign tailored for Black older adults

In 2015, B. Smith, a Black former model, restauranteur, and TV host promoted the BHR

on the Today Show in a campaign aimed at increasing enrollment of Black participants.

As a result, almost 6000 new BHR participants were recruited, including 872 Black

older adults. This increased the percentage of Black participants in the BHR cohort from
1.5% to 4.9% and demonstrated the effectiveness of a focused, high visibility appeal to a
specific under-represented group. We were very fortunate to have a nationally recognized
spokesperson to facilitate our recruitment efforts. Since our experience with B. Smith, who
was engaged via a personal connection, we have made several efforts to engage celebrities
or nationally recognized figures, with little success to date. This underscores the difficulty of
this approach.

2. The California Latino Brain Health Registry

A second novel approach used by the BHR was to launch the California Latino Brain Health
Registry study (CAL-BHR) [4, 52] in 2020 which featured recruitment and engagement
content culturally tailored to the Latinx population. To achieve its goal of increasing

Latinx recruitment and enrollment, CAL-BHR established a Community Advisory Board, in
addition to the Scientific Advisory Board, to solicit input on digital advertising themes

and messaging, digital engagement and participant communication strategies, and to
provide Spanish translation. CAL-BHR also contracted with a Latina-owned marketing

firm with expertise in this area, Alaniz Marketing, to create culturally-tailored English

and Spanish landing pages and community-informed digital outreach and engagement
campaigns primarily on Facebook but also on other platforms (YouTube, Google, and Bing).
Some examples of CAL-BHR advertising in both languages are shown in Figure 2A. For

an investment of around $320,000, over 14 million people were exposed to the advertising
material, over 170,000 clicked on the links, and ultimately 8687 people enrolled, including
6691 Latinx Americans, at a cost of $40 per participant (Figure 2B). However, the cost of
enrolling older Latinx registrants was roughly double, and registrants were well educated
and predominantly (77%) female. To complement these efforts, the BHR established

a Spanish language BHR in which the entire experience (including questionnaires and
cognitive tests) is in Spanish to facilitate engagement by Spanish speaking registrants.

This succeeded in enrolling 919 Latinx participants of whom 689 were aged 55+ and

60% were female. However, our efforts were less effective in enrolling both English- and
Spanish-speaking male Latinx participants.

It should be noted that all recruitment activities require funding resources. The Latino
Brain Health Registry and associated marketing efforts were funded by the California
Department of Public Health and this grant has been renewed. However, many research
grants emphasize funding of data collection and analysis, and often recruitment efforts are
underfunded, presenting a barrier to the use of this approach by researchers limited by
funding availability..
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3. Community-Engaged Digital Alzheimer’s Research (CEDAR) project

A similar approach has been taken to increase engagement (e.g., retention, task completion)
of Black BHR participants in the BHR CEDAR project. Using digital community-engaged
research (CER) methods, CEDAR has invited over 3,000 Black BHR participants to

join since August 2021. Of these, as of April 2022, 280 (7%) have enrolled, and 198

(71% of those enrolled) have completed a cross-sectional mixed methods online survey
aimed at increasing our understanding of motivators and barriers to BHR participation
and preferences for communication channels and engagement strategies. In September
2021, a CEDAR Community-Science Partnership Board (CSPB), comprising 20 Black
BHR participants and Project Investigators, was established. CSPB meetings to date

have introduced community members to CER methods, the study team, and the project
goals. They have also included multiple community listening sessions and offered CSPB
members the opportunity to provide study guidance and feedback on proposed digital
outreach strategies and materials (e.g., website, social media strategy, images). Of note,

all community members are compensated for their time for all CSPB meetings and related
work.

Alzheimer’s Disease Neuroimaging Initiative (ADNI)

ADNI, a longitudinal naturalistic study of AD progression established in 2004 [53], has had
difficulty in enrolling people with low education and from ethnoculturally under-represented
populations [21]. Of all ADNI participants in 2019 compared to the same age group
(60+years) from 2019 U.S. Census data, 88% versus 76% self-identified as non-Latinx
White, 5% versus 10% self-identified as Black, 4% versus 9% self-identified as Latinx,

and 2% versus 5% self- identified as Asian [54]. Moreover, of ADNI3 participants, only
15% had fewer than or equal to 12 years of education compared to 44% of those aged

60+ according to the 2019 U.S. Census. In an attempt to rectify this imbalance, two years
into the enrollment for the ADNI3 cohort in 2018, we closed enrollment of cognitively
unimpaired non-Latinx White older adults but continued with the enrollment of all other
ethnocultural groups (we were also trying to recruit more individuals with MCI and

AD across all ethnocultural groups). However, rates of enroliment of Black and Latinx
participants were not increased by this restriction, although their percentages increased due
to the enrollment of fewer non-Latinx White older adults.

In working to understand the reason behind low enrollment of people from under-
represented communities, we hypothesized that they would have higher screen fail rates due
to their probable higher rate of comorbidities which would lead to greater exclusion under
ADNI3 inclusion/exclusion criteria. However, ADNI3 screen fail rates were in fact higher
in the non-Latinx White group (33%) than in the Latinx (23%) or Black (18%) groups

[21]. The low enrollment of these communities might alternatively be attributed to current
recruitment strategies that do not include them in the initial approach or to the barriers

to their participation that lie in the prescreening process. To improve these recruitment
strategies, we assembled teams of diversity and inclusion experts:
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1. ADNI3 Diversity Task Force

In a concerted effort to increase enrollment of adults from under-represented and under-
served communities, we formed an ADNI3 Diversity Task Force (DVTF) in July 2020,
co-led by Drs. Ozioma Okonkwo and Monica Rivera Mindt. They utilized an evidence-
based, CER approach with an emphasis on culturally-informed methods [8]. The DVTF
assembled an External Advisory Board comprised of leading scientists in brain health and
AD inequities research and provided supplemental funding to 13 ADNI sites to accelerate
enrollment of Black and Latinx participants. The ADNI protocol was modified to allow

for: a) return of amyloid PET results to participants; b) greater flexibility by making

lumbar puncture optional; and c) remote visits to allay pandemic-related concerns regarding
in-person assessments. They also provided extensive training and support to the 13 ADNI
DVTF sites and staff to implement their approach. Moreover, the DVTF engaged Alaniz
Marketing to develop customized inclusion and engagement approaches and materials for
these participants, paralleling the approach of CAL-BHR. Together, they set up locally
branded, culturally-informed social media posts and landing pages centered around each of
these 13 clinical centers that connected with specific groups. An example tailored to Black
or Latinx older adults in the vicinity the ADNI3 clinic at Duke University in Durham, North
Carolina is shown in Figure 3. A key aspect of this approach was focusing on areas in

close proximity to clinical sites to overcome the issue of enrolling participants who then
face difficulties in traveling for assessment. Last but not least, an ADNI CSPB has been
launched, similar in function to the CEDAR CSPB detailed above.

Since the start of the culturally-informed social media engagement campaign in May
2021, more than 1600 Black and 1500 Latinx older adults completed the ADNI pre-
screener which included contact forms customized to the clinical DVTF sites, boosting
new enrollments of Black and Latinx participants from 14.4% to 22%, and of participants
from all under-represented groups to 26.7% of the ADNI3 cohort. The number of Black
and Latinx participants increased from 93 to 177 in the year after the implementation of
DVTF strategies, equating to an increase in the rate of enrollment of adults from these
populations across all ADNI sites from 2.34 per month to 5.49 per month. Thus, this
community-engaged and culturally-informed engagement approach in the pre-screening
process succeeded in increasing enrollment of elders from under-represented communities
where previous strategies failed, consistent with our findings in CAL-BHR.

2. ADNI4 Engagement Core

The success of ADNI3’s DVTF resulted in the creation of a new ADNI Engagement Core
under the same leadership. The Engagement Core is at the center of our renewed grant

cycle, ADNI4 (expected to be funded by the NIA beginning in September 2022) which

aims to enlist around 20,000 older adults to complete an online, digital screener, initiating
engagement and assessment with minimal barriers. Critically, the goal is that 50 to 60%

of participants will come from multiple under-served ethnocultural groups e.g., Black,
Latinx, American Indian and Alaska Native, Asian, Native Hawaiian and Other Pacific
Islander, and from communities and persons from low education backgrounds. They will be
engaged with central and local CER and culturally-informed approaches guided by ADNI4’s
Engagement Core and CSPB. These include a culturally-informed digital engagement and
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social media campaign, and the use of Community Research Liaisons supporting enrollment
in under-represented communities. Of these 20,000 people, we aim to collect plasma from
4000, either by directing them to get their blood drawn at a local phlebotomy center

or by sending a phlebotomist to their home. From these 4000, participants from under-
represented communities will be guided through the ADNI process to in clinic enrollment by
Community Research Navigators. From these 4000 and based on the clinical characteristics
determined by the online screener together with the risk of amyloid elevation in brain

(as determined by plasma biomarkers), we aim to enroll 500 new participants into ADNI
clinical sites, 250-300 of whom will be from under-represented populations.

Current conclusions

On our journey to improve enrollment and engagement of people from under-represented,
under-served, and other marginalized communities, we have learned some important lessons
that may be applicable to the strategic goal of establishing longitudinal, population-based
cohorts:

1. Leadership

It is critical to have and to adequately support dedicated leadership, investigators, and staff
from under-represented communities who also have the requisite expertise and knowledge to
lead and conduct evidence-based, community-engaged, and culturally-informed research in
an ethical manner that includes and empowers these communities.

2. Community-engaged science

It is equally critical to recognize input from these communities and to have that voiced in

a Community-Science Partnership Board (CSPB), which engages both community members
and scientists in an equitable process of collaboration and co-learning to provide guidance
and carefully review all aspects of the study (e.g., recruitment and retention approaches,
study materials, graphics and language, dissemination).

3. Culturally-informed study designs and implementation

Study design changes, for example, reduction of exclusion criteria based on comorbidities
(particularly cerebrovascular disease), implementation of remote engagement and
assessment procedures, and increased flexibility in required study procedures (e.g., lumbar
punctures) and study implementation (e.g., assessment hours, support for travel) may help
lower barriers to participation for people from minoritized, under-represented populations.
Equally important, more inclusive studies will need to ensure culturally- and linguistically
competent staff and utilize evidence-based, culturally valid assessments to comprehensively
evaluate and characterize the diverse populations we seek to study, understand, and serve.

4. Culturally-informed digital engagement

While in-person inclusion and engagement (e.g., retention, task completion) efforts certainly
remain important, community-engaged digital engagement and communications, including
social media and paid advertisements, serve as an influential adjunct to scale up large

cohort studies. Working with a marketing firm with community ownership and experience
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in reaching people from under-represented communities for clinical studies using digital
social media greatly enhances their engagement. Culturally-informed, locally-branded
websites that outreach to communities surrounding local clinical sites may bring more
study candidates from under-represented populations for enroliment. While data suggest
that digital outreach and engagement is more cost-efficient than in-person recruitment,
it is unclear whether this approach would be similarly effective for retention and task
engagement of participants. Thus, further research is needed to better understand the
individual and potentially synergistic impact of traditional, in-person (“boots on the
ground”) and digital engagement efforts.

We hope that our recent experiences in the BHR and ADNI demonstrates that, using
culturally informed, CER efforts, it is possible to overcome the hurdle of engaging with

and including a diverse range of older adults from communities that have been historically
under-served, under-represented, and marginalized in medical research into online and
clinical studies. These early successes demonstrates that strategic goals identified in
response to NAPA within the US, are is possible with evidence-based approaches, expertise,
leadership, and dedication, and our experiences may represent a stepping stone en route to
the establishment of even larger, longitudinal, diverse cohorts better powered to investigate
the underpinnings and implications heterogeneity in AD and dementia.

It must be noted that our experiences in improving engagement with underserved
populations in the BHR and ADNI are recent - within the last two years - and therefore

the effectiveness of our strategies to retain participants from diverse backgrounds over

the timeframe of 5 to 10 years required to track asymptomatic in preclinical participants

is unknown. Possibly, additional approaches will be required to encourage participants to
remain within the study in the long-term. We anticipate that these will be developed in
conjunction with community advisors [this is entirely guesswork Mike!] As this Perspective
is intended to share our experiences to date, is expected that will report more fully on this
issue at a future time.
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Figure 1.
Enrollment of under-represented populations into the Brain Health Registry compared to

community proportions. (A) Proportions of BHR participants aged 60+ by race/ethnicity
compared to the general population aged 60+ from the U.S. Census. (B) Proportions of all
BHR participants by race/ethnicity compared to the adult general population from the U.S.
Census.
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(A) California Latine - Brain Health Registry

(B)

| Impressions (ad views): 14,163,540 ]

v Total enrolled
l Ad dicks: 170,629 ] (N=8,687)
'S Average age 58 years old
Leads: 19,878
Cost per lead: $17.48 Female 6,562 (77%)
\ Average education 14 years
Enrolled: 8687 * Latinx 6,691 (76%)
Cost: 540
: Age 55+ Latinx 4,513 (51%)
h X ,
Cost per Latinx Cost per older Latinx Age 55+ Latinx female 3,698 (42%)
participant: $52 participant: $77

Figure 2.
Latinx focused recruitment strategies used by the California Brain Health Registry. (A)

Latinx focused advertising in English and Spanish. (B) recruitment of Latinx participants
into CAL-BHR.
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Figure 3.

Culturally branded and locally tailored social media advertisements and landing pages
developed by the ADNI 3 diversity task force. (A) ADNI landing pages tailored for Black
(i) and Latinx older adults in the vicinity of the ADNI clinic at Duke University, Durham,
North Carolina (ii). (B) Social media advertisements tailored for Black (i) and Latinx (ii)
older adults
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