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Abstract

INTRODUCTION: Clinical research in Alzheimer’s disease (AD) lacks cohort diversity

despite being a global health crisis. The Asian Cohort for Alzheimer’s Disease (ACAD)

was formed to address underrepresentation of Asians in research, and limited under-

standing of how genetics and non-genetic/lifestyle factors impact this multi-ethnic

population.
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METHODS: The ACAD started fully recruiting in October 2021 with one central

coordination site, eight recruitment sites, and two analysis sites.We developed a com-

prehensive study protocol for outreach and recruitment, an extensive data collection

packet, and a centralized data management system, in English, Chinese, Korean, and

Vietnamese.

RESULTS: ACAD has recruited 606 participants with an additional 900 expressing

interest in enrollment since program inception.

DISCUSSION: ACAD’s traction indicates the feasibility of recruiting Asians for clinical

research to enhance understanding of AD risk factors. ACAD will recruit > 5000 par-

ticipants to identify genetic and non-genetic/lifestyle AD risk factors, establish blood

biomarker levels for AD diagnosis, and facilitate clinical trial readiness.
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HIGHLIGHTS

∙ The Asian Cohort for Alzheimer’s Disease (ACAD) promotes awareness of under-

investment in clinical research for Asians.

∙ Weare recruitingAsianAmericans andCanadians for novel insights intoAlzheimer’s

disease.

∙ We describe culturally appropriate recruitment strategies and data collection

protocol.

∙ ACAD addresses challenges of recruitment from heterogeneous Asian subcommu-

nities.

∙ We aim to implement a successful recruitment program that enrolls across three

Asian subcommunities.

1 INTRODUCTION

Underrepresentation of Asian American andCanadian (ASAC), African

American, and Hispanic cohorts in Alzheimer’s disease (AD) research

is limiting our understanding of AD risk factors. AD, a global public

health crisis with only symptomatic treatment optionswidely available

(though recently disease-modifying therapies have garnered US Food

and Drug Administration approval), affects > 6 million people in the

United States annually1-3 and 32million worldwide.4

Racial minority populations in the United States and Canada are

growing at a faster rate than non-Hispanic Whites (NHW). Accord-

ing to the 2020 census, there were 23.7 million people of Asian

descent in the United States,5 the largest subgroups being Chinese,

Indian, Filipino, Vietnamese, and Korean. Asians have increased from

0.5% of the population in 1970 to 5.6% in 2010 and will consti-

tute the largest non-European ancestry group by 2055,6 a status

already achieved in Canada. Similarly, the 2021 Canadian Census

noted Asians represent 19.3% of Canadians,7 with 62% of all immi-

grants entering from Asia between 2016 and 2021.8 The number of

ASACs ≥ 65 years old is projected to increase by 352% (21% of total

ASAC population) by 2060,9 underscoring the health and economic

impacts of AD on these large sectors of aging populations in these two

countries.

Despite their growing numbers, ASAC populations are markedly

underrepresented in clinical research. Between 1992 and 2018,

only 0.17% of the National Institutes of Health budget was ded-

icated to studying Asian Americans, Native Hawaiians, and Pacific

Islanders.10 Although the National Plan to Address Alzheimer’s Dis-

ease introduced in 2012 set goals to diversify ethnic populations in

research,11,12 investment and resources for AD research in Asian

Americans remain insufficient. For example, 2.6% of participants in the

National Alzheimer’s Coordinating Center (NACC) Uniform Data Set

(UDS) have Asian ancestry, significantly less than African Americans

(12.7%) and Hispanics (8%) and undersampled by half relative to the

> 65 years old population. Similarly, in the Alzheimer’s Disease Genet-

ics Consortium (ADGC), the largest collaborative genetic study in the

United States, only 385 are Asian American, representing 0.72% of all

ADGC US samples, an undersampling of 1 in 7 (Table 1). Furthermore,
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ASAC participants in AD and related dementias (ADRD) interventional

trials is minimal (< 2%).13,14

In addition to differences in AD risk, genetic loci effects and link-

ages vary across populations.15 For example, the effect and incidence

of thewell-knownAPOE ɛ4 allele16-18 vary across racial/ethnic groups,
with lifetime odds ratios (ORs) for ɛ4 homozygotes being 25, 14, and

8 for East Asians, NHW, and African Americans, respectively.19 The

increased effect size in East Asians may be due to the presence of

a genetic modifier near the APOE gene.19 Deeper sequencing of the

genomic background upon which APOE occurs is warranted. Another

example is SORL1, previously identified as a risk gene inNHWand con-

firmed in East Asians.16,20 Greater inclusion of African American and

Hispanic participants in genetic studies has improved understanding

of locus heterogeneity in AD, but inclusion of East Asians (especially in

North America) continues to lag.

Meanwhile, strong evidence suggests that sociocultural, lifestyle,

and other environmental factors are associated with AD.21–23 There

is emerging evidence that dementia risk factor profiles vary across

populations with distinct sociocultural features.24 With differences in

lifestyle andenvironmental exposures, ASACsmayhaveuniqueADrisk

profiles compared to Asians in Asia.

To address thismajor shortcoming, theAsianCohort forAlzheimer’s

Disease (ACAD)wasestablished to investigate genetic andnon-genetic

AD risk factors among selected ASACs and to address the under-

representation in AD research (Figure 1). ACAD initially focused

on Chinese, Korean, and Vietnamese populations because of the

co-investigators’ existing connections and familiaritieswith these com-

munities, and we hope to extend to the entire ASAC community in

the future leveraging our experience in this pilot phase. ACAD will

conduct a comprehensive survey of genetic and environmental risk

factors in a longitudinal observational study to aid our understand-

ing of the complexity and heterogeneity of AD, contributing insights

into factors impacting AD, clinical trial readiness, diagnosis, and

care.

2 METHODS

2.1 Overview

The long-term goal of ACAD is to enroll 5081 participants (3893 Chi-

nese, 795 Korean, and 393 Vietnamese Americans and Canadians),

with one case for every two controls (≈1694 AD cases and 3387

controls) into an observational study. ACAD was initially designed to

address the underrepresentation of Asians in AD research and to iden-

tify genetic risks for AD in this cohort. The study has since expanded

to consider non-genetic factors and biosample analysis, starting with

recruitment at eight sites and two new sites being added (Figure 1).

Given the lack of ASAC inclusion in AD research and the diverse spo-

ken languages in the cohort (English, Mandarin, Cantonese, Korean,

and Vietnamese), a comprehensive recruitment strategy was needed

to meet our goals: each site shared common approaches but also used

different approaches to reach their communities. For example, one site

RESEARCH INCONTEXT

1. Systematic review: Asians have been underrepresented

in Alzheimer’s disease (AD) research. The genetic diver-

sity, unique cultural backgrounds, and gene–environment

interactions of Asians could provide novel insights on AD

and promote clinical trial readiness.

2. Interpretation: To address the under-investment ofAsian

populations in AD research, we launched the Asian

Cohort for Alzheimer’s Disease (ACAD), the first large-

scale genetic-epidemiology AD study focusing on Asians

in theUnitedStates andCanada.Wehaveestablished cul-

turally appropriate recruitment strategies and data col-

lection protocol. We demonstrated feasibility to recruit

and collect clinical data and biosamples, especially blood

samples. This strategy may be of value for studies apply-

ing community recruitment, especially in minority popu-

lations.

3. Future directions: The success in ACAD’s pilot phase

lends strength to expand the research engagement,

increasing recruitment numbers in the focused subpop-

ulations and expanding the cohort to other Asian sub-

populations.Data collectedwill support researchprojects

on genetic and non-genetic risk factors of AD for multi-

ethnic populations.

discussed using a community-based geographical information system

for recruitment of older Asian Americans.25

ACAD is composed of a multidisciplinary team of researchers, clin-

icians, and community partners with extensive collaborative history,

experience, and leadership in AD research, including large collabora-

tive genetics studies and Asian community outreach. Given that Asian

American and Canadian inclusion in clinical research, including AD, is

very limited, community-based participatory research (CBPR) princi-

ples are being applied in outreach and recruitment with existing and

new community partners. ACAD’s approach addresses recruitment

barriers, including language, lack of culturally and linguistically appro-

priateoutreach, and identificationof validated instruments toestablish

a harmonized data packet.

After a year of study design and protocol development, ACAD was

awarded a National Institute on Aging (NIA) R56 High Priority Project

award with a single institutional review board across US sites and cor-

responding researchethics boardapproval inCanada, anda centralized

data entry portal for harmonized data collection by multilingual staff

across all sites.

2.2 Outreach

CBPR principles were applied with close coordination with sites, com-

munity partners, and the ACAD Community Advisory Board (CAB),
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TABLE 1 Metrics to illustrate under-sampling of Asian Americans> 65 years old in major Alzheimer’s disease studies (NACC andUS
participants in ADGC) in the United States relative to others in the population.

Population

%US

subpopulation %NACC

NACC relative

difference to

subpopulation* %ADGC (US)

ADGC (US) relative

difference to subpopulation*

Non-HispanicWhites 75.80% 76.62% 1.01 70.01% 0.93

African Americans 9.00% 12.74% 1.42 12.60% 1.40

Hispanic Americans 9.00% 8.05% 0.89 16.67% 1.85

Asian Americans 5.00% 2.60% 0.52 0.72% 0.14

Abbreviations:ADGC, Alzheimer’s Disease Genetic Consortium; NACC, National Alzheimer’s Coordinating Center.

*Fold difference in representation is noted below, where< 1 represents under-representation in cohorts.

F IGURE 1 ACAD participating sites are listed on themap of the United States and the southern portion of Canada. Note: Recruiting sites in
R56 phase (NYU, Columbia, UCSF, USC, SoCal Eye Institute, UCSD, UBC, UToronto/CAMH) and new recruiting sites (ISMMS, Stanford) are noted
in green boxes, while coordinating sites (ACADCoordinating Center, NCRAD, andNACC) are found in black boxes. NYU recruited Korean ancestry
and UCSD recruited Vietnamese ancestry while the remaining sites recruited Chinese ancestry. The NYU lead investigator was previously
affiliated with University ofMassachusetts Boston when then study launched and thenmoved to NYU. ACAD, Asian Cohort for Alzheimer’s
Disease: ADGC, Alzheimer’s Disease Genetic Consortium; CAMH, The Centre for Addiction andMental Health; Indiana U, Indiana University;
ISMMS, Icahn School ofMedicine atMount Sinai; NACC, National Alzheimer’s Coordinating Center; NIAGADS, National Institute on Aging
Genetics of Alzheimer’s Disease Data Storage Site; NCRAD, National Centralized Repository for Alzheimer’s Disease and Related Dementias;
NYC, New York City; NYU, NewYork University; SoCal Eye Institute, Southern California Eye Institute; U, University; UBC, University of British
Columbia; UCSD, University of California San Diego; UCSF, University of California San Francisco; USC, University of Southern California

who were bilingual and bicultural community leaders serving the

ACAD study populations and recommended by ACAD, to facilitate

recruitment. CBPR is crucial at all phases of research including recruit-

ment, resource sharing, studydesign, anddata interpretation. This is an

ongoing, collaborative process between communities and researchers

that recognizes respective strengths and assets and maintains sus-

tainable collaborations.25–28 CBPR approaches have been previously

used in ADRD research recruitment29,30 and ASAC research in other

health conditions,31 andhavehelped improve trial/research awareness

and reduce language barriers in underrepresented populations—two

substantial barriers for ASAC participation.32

ACAD-wide outreach materials (e.g., study flyer, PowerPoint slides,

animated videos, and e-cards) were developed by the Outreach and

Education Workgroup. ACAD CAB members were either directly

or indirectly involved in the development of the outreach materials

that were made available to all sites to use “as-is” and/or adapt for

their local recruitment needs (e.g., site-specific information). ACAD

maintains a bilingual website (English and Chinese, with translations

to Korean and Vietnamese in development). We developed multi-

ple site-specific recruitment strategies including partnering with

community-based groups/centers, health clinics/hospitals/providers,

nursing homes, faith-based institutions, Alzheimer’s Association
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TABLE 2 Items included in ACAD data collection packet.

Sections # of questions Initial visit Follow-up

Demographicsb 15 X

Diet—Mediterranean

diet adherence

screener

14 X X

Clinical Dementia Ratinga 6 X X

Early life enrichment 53 X

Medical

conditions/medicationsa
21 X X

Geriatric Depression

Scalea
15 X X

Functional Assessment

Scalea
10 X X

Common objects memory

test: 5 minute delayed

recall and 5minute

delayed recognition

5 X X

Cognitive Abilities

Screening Instrument

33 X X

ModifiedMini-Mental

State Test

15 X X

Additional cognitive tests

(Clock Drawing,

Category Fluency)

3 X X

Neurological

examinationa
4 X X

Family history of

dementiab
2 X X

Clinician’s judgment of

symptomsa
16 X X

Imaging data 3 X X

Neurological diagnosisa 8 X X

Factors affecting testing 2 X X

Consensusmeeting

worksheet

— X X

Abbreviations: ACAD, Asian Cohort for Alzheimer’s Disease; NACC,

National Alzheimer’s Coordinating Center; UDS, Uniform Data Set;

WHICAP,WashingtonHeights/Inwood Columbia Aging Project.
aSections used in the NACCUDS initial visit packet.
bSections used inWHICAP. Korean participants responded to theModified

Mini-Mental State Test instead of the Cognitive Abilities Screening Test.

chapters, social/ethnic media, and participant referral. Support from

the Collaborative Approach for Asian Americans and Pacific Islanders

Research and Education (CARE) project33 also helped recruit ACAD

participants. ACAD was able to leverage these partnerships thanks

to previous collaborations in existing research studies. ACAD sites

and the Outreach and Education Workgroup monitor enrollment and

proactively partner with community-based organizations to conduct

outreach and recruitment activities. Given that ACAD was launched

during the COVID-19 pandemic, early outreach activities were exclu-

sively online. As restrictions were lifted, we are conducting more

in-person outreach and recruitment at health fairs and cultural events.

2.3 Translation

English-language materials were translated into the major languages

used in ACAD—Chinese (written–simplified and traditional; spoken—

Mandarin and Cantonese), Korean, and Vietnamese, using a multi-

step translation process guided by the World Health Organization’s

process of forward and reverse translation, consensus verification,

and reconciliation.34 This translation process was implemented by a

team of multilingual faculty, clinicians, staff, and community leaders

(including CAB members) who have extensive practical translation

experience. These translations are used to reflect both literal and

sociocultural accuracy across languages.

2.4 Application of best practices and data
collection packet harmonization

ACAD adopted relevant materials from the Washington

Heights/Inwood Columbia Aging Project (WHICAP)35 as WHICAP’s

community-based research extended to multiple racial and ethnic

groups, using multilingual infrastructure andmulti-site data collection.

For further multi-site harmonization and to make data accessible for

collaborative studies, ACAD data collection is aligned with NACC

Uniform Dataset (UDS),36 which captures demographics, medical

history, cognitive assessments, daily living activities, and depressive

symptoms.

ACADalso surveys additional relevant demographics such as educa-

tional equivalents, immigration history, andRush Early Life Enrichment

Inventory37 data to capture physical, cultural, and cognitive activity

items at epochs of participants’ lives during childhood, adolescence,

and mid-life. We adapted the Mediterranean Diet Assessment Scale

(MEDAS)38,39 items to apply toAsian cultures. A complete listing of the

ACAD data collection packet (DCP) is provided in Table 2. Biosamples

(blood for DNA and plasma or saliva for DNA) were also collected for

analysis against non-genetic and lived experience data.

Data entry operations are coordinated by the Data Management

Workgroup, which collects DCP information in multiple languages in

a centralized database powered by Research Electronic Data Cap-

ture (REDCap),40,41 which is expandable for future multi-institute

collaborations.

3 RESULTS

3.1 Current progress in recruitment

After materials development and regulatory approval, the first partic-

ipant was enrolled in late July 2021. By October 2021 more than half

of the eight sites had enrolled their first participant and by December

2022, 1580 people had expressed interest in ACAD, 606 had enrolled

in the study, and 560 had completed the study (Figure 2). ACADpartic-

ipant demographics are provided in Table 3, including information on

ethnicity, sex, age, and education attainment and national average for
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F IGURE 2 Recruitment statistics for ACAD. Note: After the development of ACAD data collectionmaterials, recruitment began in August
2021, with all sites actively recruiting byOctober 2021. As of December 1, 2022, a total of 1580 individuals have indicated interest (blue line) and
we have seen a steady incline of consented participants (green line) and participants completing the clinical package (Part C; yellow). Biosample
(either blood or saliva; red) collections are usually completed at the end of their participation and lag Part C completion. ACAD, Asian Cohort for
Alzheimer’s Disease

comparison.42 Notably, we demonstrated the ability to recruit across

all groups, ages, and education attainments, with approximately two

thirds of participants being women, aligned with relative proportions

seen in AD. To address COVID-19 pandemic challenges, a virtual

strategy for recruitment and assessment was developed.

The cohort consists of women and men of Chi-

nese/Korean/Vietnamese ancestry, ≥ 60 years with or without

dementia based on Diagnostic and Statistical Manual of Mental

Disorders, Fifth Edition (DSM-V)43 criteria. (See Table 4 for inclu-

sion/exclusion criteria.) Informants assisted cognitively impaired

participants in data collection. Signed informed consents were

obtained from participants or their legally authorized representa-

tives. Figure 2 illustrates the process from outreach to consent and

participation, and data quality assurance (QA).

3.2 ACAD recruitment

In theR56pilot phase, ACAD focusedon recruitment ofChineseAmer-

icans and Canadians to demonstrate feasibility of the overall study

design. Additionally, a smaller scale effort to recruit Korean and Viet-

namese participants helped validate the recruitment protocol and data

collection instruments. To show appreciation for ACAD participants’

time and effort, the honorarium provided was up to $100, with varia-

tion due to site-specific standard operating procedures. An additional

$25 honorarium was given when a study partner assisted with data

collection. As capacity and success in recruitment of Chinese, Korean,

and Vietnamese participants builds, we will use a similar strategy of

local sociocultural programs to recruit other Asian subpopulations

(e.g., Filipino, Japanese, Asian Indian) to ACAD. Eight recruitment sites

launched at the commencement of ACAD. Two additional sites will

join ACAD in the future. Figure 1 shows coordinating sites and all

institutional collaborators.

3.3 Establishing workgroups for assuring rigor

Outreach and Education, Clinical, DataManagement (DM), Biosample,

and Training QA (TQA) workgroups were created to help streamline

study management and ensure rigor. The DM Workgroup imple-

mented the DCP and other outreach forms for entry into REDCap in

four languages (English/Chinese/Korean/Vietnamese) and developed

the DataManagement Plan and the Data Entry Guidance. A controlled

access to REDCap was established and allowed site personnel to

only view or edit site-specific data. The TQA Workgroup developed a

training curriculum for pre-screening, human subject protection and

consenting, administration of clinical tests to ensure cross-site compli-

ance, and procedures for sample collection/data entry. Recruiting site

staff onboarded by the TQAwere trained through orientation sessions,

instructive documents, and mock videos of neuropsychological testing
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TABLE 3 Participant demographic characteristics as of December 2022.

Chinese Korean Vietnamese Total 2021 ACS

N (%) N (%) N (%) N (%) (%)

Participants 448 54 25 527

Sex

Male 149 (33.3) 18 (33.3) 11 (44.0) 178 (33.8) (44)

Female 299 (66.7) 38 (66.7) 14 (56.0) 349 (66.2) (56)

Age range, year

60–69 182 (40.6) 8 (14.8) 11 (44.0) 201 (38.1) (52.9)

70–79 173 (38.6) 22 (40.7) 7 (28.0) 202 (38.3) (32.1)

80–89 80 (17.9) 19 (35.2) 5 (20.0) 104 (19.7) (12.2)

90 and older 13 (2.9) 5 (9.3) 2 (8.0) 20 (3.8) (2.8)

Education

Grade school or less 36 (8.0) 9 (16.7) 3 (12.0) 48 (9.1) (15.8)

Some high school 35 (7.8) 2 (3.7) 3 (12.0) 40 (7.6) (3.6)

High school/GED 81 (18.1) 9 (16.7) 9 (36.0) 99 (18.8) (19.4)

Some college or technical

school

80 (17.9) 9 (16.7) 2 (8.0) 91 (17.3) (19.2)

College degree 150 (33.5) 24 (44.4) 6 (24.0) 180 (34.2) (24.2)

Graduate or professional

degree

66 (14.7) 1 (1.9) 2 (8.0) 48 (13.1) (15.6)

Note: A total of 560 participants completed data collection while recruiting sites completed data submission to REDCap of 527 out of 560 (94.1%) partici-

pants. To provide the national average as the benchmark, we report the 2021 ACS 1-year estimate, Asian American of age 60 to 99 (top-coded) sex, age, and

educational attainment. TheAsianAmerican in 2021ACSwas defined as “Asian alone or in combinationwith one ormore other races,”which ismore inclusive

than of only our three intended populations.

Abbreviations: ACS, American Community Survey; GED, General Educational Development test; REDCap, Research Electronic Data Capture.

and neurological examinations to ensure inter-site reliability. To pro-

tect data integrity and improve data quality, DM and TQAworkgroups

collaborated to design and implement protocols of data QA with

continued monitoring by the Clinical, DM, and TQA workgroups to

maintain best practices and remedy inconsistencies. This QA is critical

for high-fidelity data collection across sites and future collaborative

research.

3.4 Community outreach development and
activities

Due to theCOVID-19pandemic, 36of the46activities (October2020–

December 2022) were conducted virtually. As some areas reopened,

in-person events began at community centers, clinics, senior resi-

dences, and outdoors (e.g., health fairs, Walk to End Alzheimer’s).

Overall, the outreach/recruitment attendance was > 8800, with 75%

60+ years of age. Events were conducted by bi(tri)lingual/bicultural

ACAD team members or healthcare professionals in one or multiple

languages (Table 5).

To support CBPR principles, community outreach, and engagement,

a CABwas formed to support theOutreach and EducationWorkgroup.

The CAB has met quarterly to provide valuable feedback on study

procedures and material development (including the DCP) and has

been promoting ACAD to their respective communities and networks.

The CAB consists of members representing all ethnic groups in ACAD

and professionals with vast experience in community engagement and

participation.

3.5 Data collection and consensus-based
diagnoses

The DCP was designed to be administered in up to three sessions

and contains a total of 17 sections (Table 1 and Figure 3). There are >

200 questions in the DCP to cover: participant demographics; family,

medical, and lifestyle factors across the individual’s lifespan; cognitive

assessments including validated instruments—Cognitive Abilities

Screening Instrument (CASI) for English, Mandarin,44 Cantonese,

or Vietnamese45 speakers, or the Modified Mental Status Examina-

tion (3MS) for Korean speakers;46 additional cognitive assessments

for list learning, figure drawing, and verbal fluency; the Functional

Assessment Scale (FAS)47 and a brief neurological examination from

NACC;48 all ofwhichwere used for an initial diagnosis discussed locally

at each site’s consensus conference. Assessments were conducted in

person or by videoconferencing including pre-screening, consenting,

instructions for biosample collection, and cognitive and neurological

assessments typically taking a total of 2.5 to 4 hours. Each component
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TABLE 4 Inclusion and exclusion criteria for ACAD pilot
participants.

Criteria Inclusion Exclusion

Ancestry Chinese/Korean/Vietnamese

ancestry

Language Fluent in English, Chinese

(Mandarin or Cantonese),

Korean, or Vietnamese

Demographics 60 years old or older

Diagnosis Cognitively healthy or

diagnosis of AD-type

dementia

Neuropsychiatric

diagnoses that would

indicate non-

neurodegenerative

causes of cognitive

impairment

Other If participant has significant

cognitive impairment,

study partner is available

to participate

Able to provide a biosample

(saliva or blood)

Abbreviations: ACAD, Asian Cohort for Alzheimer’s Disease; AD,

Alzheimer’s disease.

TABLE 5 Number of outreach activities betweenOctober 2020
andDecember 2022 by language.

Single language

English Cantonese Korean Mandarin

23 4 1 9

Multi-language

Cantonese andMandarin English and at least one Asian language

1 8

was administered by ACAD-certified professionals to ensure inter-site

rigor. Follow-up assessment is planned on a subset of the DCP sections

(Table 2).

We were able to achieve high tractability in completing the study,

with 96% of consented participants completing the first section (Part

A), and 92% of participants completing all parts of this study. As ACAD

is ongoing, this number also includes recently added participants who

have not had time to complete the entire study, likely underestimating

participant completion rates. Of the two sites (San Diego/University

of California San Diego and New Jersey/University of Massachusetts

Boston) that had concluded recruitment, we achieved a 96% and 100%

completion rate.

We established a consensus-based diagnosis process for study par-

ticipants to determine diagnostic categories: probable/possible AD,

mild cognitive impairment, and normal control (including Subjective

cognitive complaint). TheClinicalDementiaRating (CDR) scale andFAS

were preferably administered to an informant, but normal controls or

those participants who declined to involve an informant responded to

both themselves. An informant was defined as someone who regularly

interacts with the participant and has known the participant for many

years. ACAD investigators reviewed the entire DCP for prior exclu-

sionaryneurological disorders, expressionof cognitive complaints, and,

when rarely available, pre-existing neuroimaging reports. Cases are

diagnosed through consensus conferences at each site, with random-

ized external review by two neurologists (T.W.C., V.H.), co-chairs of

the Clinical Workgroup, to assure harmonization of diagnoses among

all ACAD sites. This process echoes diagnostic procedures in Chinese

cross-sectional studies of community-based dementia prevalence.49

3.6 Biosample collection and processing

To identify genetic risk factors, biosamples (saliva/blood) were col-

lected from every participant. For saliva, samples were collected on

site if participants were present in person, at homes or clinics if assess-

mentswere performedoff site but in person, or viamail if the studywas

conducted remotely. Recognizing the importance of using AD plasma

biomarkers, blood collectionwas preferred. Bloodwas collected either

on site, or using a remote laboratory service (at a lab or a traveling

phlebotomist) for those who consented. We piloted blood collection

feasibility at two sites to identify the likelihood our populations would

provide blood over saliva if given the opportunity. Despite sociological

factors resisting blood donations, feasibility at the Toronto (Chinese)

and New Jersey (Korean) sites was high at 62% and 72%, respectively,

suggesting similar rates of participation for providing blood. In addi-

tion, two other sites (Vancouver/University of British Columbia and

New York/Columbia University) offered the opportunity to partici-

pants who came on site to provide blood. When we examined these

four sites, the blood collection rate was 177 of the first 383 (54%) par-

ticipants, overriding concerns we had of cultural fear of giving blood

and demonstrating feasibility in older Asian adults. The ACAD Out-

reach and Education Workgroup generated materials to encourage

blood sample donation by addressing sociocultural concerns, mitigat-

ing fear of pain or blood, and focusing on the impact of participation in

research including support for future generations. In addition to ACAD

investigations, additional plasma and DNA samples are banked to sup-

port future collaborative research. Sample collection procedures are

detailed in a procedural manual developed by the National Centralized

Repository for Alzheimer’s Disease and Related Dementias (NCRAD)

for ACAD where samples are banked. DNA has been successfully iso-

lated from collected samples and yielded comparable results with prior

AD studies conducted at NCRAD,50,51 suggesting consistent sample

quality.

4 DISCUSSION

4.1 Key findings and significance

The lifetime experiences and communities of Asians in the United

States and Canada are legacies of their languages, cultures, and immi-

gration histories, thus requiring a tailored strategy to effectively



2066 HO ET AL.



HO ET AL. 2067

recruit these populations into research. Older ASACs have sociocul-

tural characteristics notably different from other groups, including

language, culture, health beliefs, health attitudes, health behaviors,

living environment, and social networks that can be facilitators or bar-

riers to ADRD screening and research.52,53 Many ASACs still have

stigma towarddementia54–58 that furtherdisincentivizes researchpar-

ticipation. However, these unique non-genetic factors, including lived

experiences (e.g., diet, language, climate, and lifetime exposure to

pathogens) and cultural and social determinants of health, may be the

strength in facilitating novel AD research but are largely unaccounted

for in the limited number of ASAC AD studies.59 Through ACAD, we

showed there iswillingness toparticipate in clinical researchonADand

this supports further enrollment in other studies, which has been lack-

ing. This bodeswell for future researchwith a lens for inclusionofAsian

background, providing comprehensive lessons learned that will enable

more research.

The genetic architecture contributing to AD risk is complex, includ-

ing notable allelic heterogeneity (different alleles at a single gene

locus causing the same outcome) and pleiotropy (one gene affect-

ing multiple traits) across diverse ancestral populations. In the past

decade, improved genotyping and sequencing technologies have iden-

tified > 75 AD susceptibility loci in large genome-wide association

studies.60 These studies have been conducted largely in NHW popu-

lations, despite AD also affecting individuals of diverse ancestries.60,61

Though ASACs’ immigration history is too brief to play a role in their

AD genetic compositions, there will be distinctions between ASACs

and populations from where they or their ancestors emigrated, due to

admixture/marriage across subpopulations and genetic drift. Further-

more, the non-genetic factors may impact genetic risk of AD through

key gene interactions, thus highlighting the value-added of ASAC AD

studies in areas other than Asia.

4.2 Considerations, challenges, and lessons
learned

ACAD is the first study of ASACs in the United States and Canada

designed to comprehensively investigate genetic contributions to AD

and their interactions with non-genetic risk factors and to establish

resources that meaningfully expand knowledge about ASACs and AD

while supporting community needs. As such, ACAD has had to make

some important decisions on study design from the beginning.

Four main characteristics of ASAC communities have significantly

influenced the ACAD study design. First, ASAC communities are highly

concentrated in major metropolitan areas. Second, many older ASACs

have limited English proficiency. Third, there is a culture of shame

about dementia and fourth, in-person visits are less feasible due to

mobility issues. Consequently, building trust through active engage-

ment of older ASACs in their communities is imperative for effective

recruitment. Chinese, Korean, and Vietnamese subpopulations were

prioritized in part due to their population sizes in the United States

and Canada, as well as the backgrounds of ACAD investigators and

existing community connections. Only recruiting from Chinese popu-

lationsmisses the opportunity to test the robustness of the ACADdata

collection protocol across subpopulations and risks the impression of

equating Asians to Chinese alone. The current study is the first step for

researchers to engage a broader section of ASACs and demonstrates

the feasibility and commitment to leading collaborations and building

trust in ASAC communities. Future ACAD cohorts will include other

ASAC subpopulations.

Most genome-wide association studies rely on the clinical diagno-

sis of AD, with plasma biomarkers, particularly analysis of amyloid,

tau, and neurodegeneration (ATN). However, other genetic epidemi-

ology studies such as the NIA Genetics Initiative for Late-Onset

Alzheimer’s Disease (NIA-LOAD) andWHICAP have used ATN criteria

for establishing diagnosis and to exclude non-AD etiologies (e.g., peo-

ple with histories of significant stroke and cardiovascular events are

excluded to reduce vascular dementia cases) and increase the likeli-

hood of a probable/possible AD diagnosis. The NIA-LOAD study has

found the same variants with only slightly weaker effect sizes using

diagnoses established without neuroimaging compared to ADRC clin-

ical and autopsy-confirmed cohorts.62,63 In the latest International

Genomics of Alzheimer’s Project (IGAP) study,60 association signals

from the UK Biobank AD cases (using medical record diagnosis listings

or even self-reported diagnoses) replicated results from biomarker- or

autopsy-confirmed cohorts.

Due to increasing traction for biofluid analysis as potential diag-

nostic tools, and paucity of biosamples from Asian populations, it is

imperative to increase blood collection for ATN biomarkers and estab-

lish ASAC-specific cutoffs, which can be critical to enhance clinical

diagnosis of AD but not required to generate reliable genetic risk

signals. This resource is also needed to identify new biomarkers of

disease. To this end, we will continue to increase the likelihood of

blood collection, demonstrating the importance of giving blood over

saliva and destigmatizing the fear and cultural reluctance to provide

blood through greater awareness through information literature and

programs.

4.3 Future directions

ACAD’s mission will continue to achieve the target sample size of

5081 participants. The design will include a 2-year follow-up to cap-

ture conversions from cognitively normal ormild cognitive impairment

to AD or other dementias, allowing further explorations of genetic and

F IGURE 3 ACAD recruitment and assessment workflow. Note: ACAD recruitment and assessment workflow, including
Recruitment/Prescreening; Assessment and Biosample Collection, and Data Collection; and Diagnosis consensus, Data Entry andQuality
Assurance (QA), and Biosample Shipment to NCRAD. Participant assessment can range from a single to several visits, while consensus meetings,
QA, and biosample transport were done in batches. ACAD, Asian Cohort for Alzheimer’s Disease; NCRAD, National Centralized Repository for
Alzheimer’s Disease and Related Dementias
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non-genetic risk factors for AD. Hypothesis-driven projects supported

by ACAD will address questions on factors impacting AD in ASAC

populations.

Through our preparations and findings, ACAD can grow in many

important directions including: (1) enrolling multiple subpopulations

at existing sites, (2) collaborating with ADRCs and other cohorts, (3)

reporting recruitment strategies and outcomes to foster recruitment

of additional Asian subpopulations (e.g., Asian Indians, Japanese, Fil-

ipinos) in major ASACs in ACAD and other communities (e.g., Houston,

Texas), (4) sequencing and analyzing complete genomes (Alzheimer’s

Disease Sequencing Project) to identify rare genetic/structural risk

variants, (5) identifying novel plasma biomarkers relevant to ASACs,

(6) generating magnetic resonance imaging/positron emission tomog-

raphy imaging data for analyses, and (7) expanding the ACAD data

collection protocol to include sleep and other variables. As the largest

ASAC study of its kind, ACAD will be an important research and com-

munity resource with implications for AD diagnosis and recruitment

of ASACs, a group under-represented in research and medicine. Ulti-

mately, this inclusion will enhance clinical trial readiness by identifying

Asian-specific biomarker criteria and promoting AD education to raise

awareness and reduce stigma, allowing for greater potential to par-

ticipate in other studies, provide more comprehensive understanding

to AD pathophysiology, and offer additional perspectives in dementia

prevention strategies.
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