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Abstract

Introduction: An analysis of the ethnocultural and socioeconomic composition of

Alzheimer’s Disease Neuroimaging Initiative (ADNI) participants is needed to assess

the generalizability of ADNI data to diverse populations.

Methods:ADNI data collected betweenOctober 2004 andNovember 2020were used

to determine ethnocultural and educational composition of the sample and differences

in the followingmetrics: screening, screen fails, enrollment, biomarkers.

Results: Of 3739 screened individuals, 11% identified as being from ethnoculturally

underrepresentedpopulations (e.g., Black, Latinx) and16%had<12yearsof education.

Of 2286 enrolled participants, 11% identified as ethnoculturally underrepresented

individuals and 15% had <12 years of education. This participation is considerably

lower than US Census data for adults 60+ (ethnoculturally underrepresented popula-

tions: 25%;<12 years of education: 4%). Individuals with<12 years of education failed

screening at a higher rate.

Discussion: Our findings suggest that ADNI results may not be entirely generalizable

to ethnoculturally diverse and low education populations.
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1 BACKGROUND

Alzheimer’s disease (AD) is a large and growing public health threat

that is amplified in underrepresented populations (URPs) (ethnocul-

tural [e.g., Black, Latinx, Asian Americans] and socioeconomically dis-

advantaged populations), which are disproportionally affected by AD.

For URPs, AD disparities exist in prevalence, incidence, clinical demen-

tia features, postdiagnosis survival, neuropathological features, and

biological and medical risk factors.1,2 For instance, there is greater

AD prevalence and incidences in Black and Latinx populations.3–6

However, AD risk differs across Latinx subpopulations.7–9 All Asian

American subpopulations have been found to have lower dementia

incidences compared to non-Latinx Whites.10 Lower education has

been shown to be associated with a greater risk of dementia11 and

neighborhood deprivation has been associated with worse cognitive

function in older adults12 and accelerated neurodegeneration and cog-

nitive decline in cognitively unimpairedmiddle- to older-aged adults.13

The cause of these AD disparities is likely multifactorial and not well

understood. It is believed that differences in environmental/contextual

influences, and social, psychological, behavioral, genetic, and health

factors contribute to disparities.1,14,15

However, our understanding of the cause of disparities is hindered

by the widespread failure to successfully recruit and retain large study

cohorts of URPs.16–19 There is emerging evidence that URP status

is associated with lower research interest and participation in in-

clinic observational studies. Regarding ethnocultural differences in AD

research interest and participation (enrollment, study task completion,

biomarker collection, retention), Black individuals are less likely to par-

ticipate in a hypothetical preclinical AD trial20 and consent to brain

donation.21 Regarding research participation, the results of in-clinic

studies suggest higher retention rates in non-LatinxWhites compared

toother ethnocultural groups inAlzheimer’sDiseaseResearchCenters

(ADRCs)22 and other AD studies.23 Compared to non-Latinx White

participants, participants from ethnocultural URPs are less likely to

have genetic samples available,24 have lower ratio of completed brain

donations to number of patients enrolled,25 and are less likely to agree

to lumbar puncture.26,27 In an online AD-related registry, lower study

withdrawal rates, higher completion and retention rates, and more

enrollment in referral studieswas foundamongparticipants identifying

as non-Latinx White and of higher educational attainment.28 A recent

analysis of data from ADRCs also found higher educational attainment

was associated with higher retention.22 Participation of more URPs in

AD research is crucial for producing more generalizable research find-

ings, elucidating AD health disparities, and developing effective thera-

peutics for diverse populations.

The Alzheimer’s DiseaseNeuroimaging Initiative (ADNI) is an ongo-

ing, longitudinal, multicenter observational study with the overall goal

of developing and validating clinical, imaging, genetic, and biochemi-

cal biomarkers for the use in AD clinical trials. Since inception in 2004,

ADNI has generated >3600 publications. An analysis of the URP com-

position of ADNI participants, and the relationship between URP sta-

tus and screening and enrollment is important to assess the generaliz-

ability ofADNIdata todiverse populations, and to inform future efforts

to increase diversity. One of ADNI’s goals is to validate biomarkers,

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using electronic data bases (e.g., PubMed) and search

engines (Google Scholar). Previous publications have

demonstrated that underrepresented ethnocultural pop-

ulations (e.g., Latinx, Black, Asian) are under-enrolled in

most Alzheimer’ disease (AD) studies and that there are

relationships between ethnocultural identity and screen-

ing, enrollment, and biomarkers. So far, few publications

have addressed this issue in theAlzheimer’sDiseaseNeu-

roimaging Initiative (ADNI) and focused on educational

attainment.

2. Interpretation: ADNI reflects the on-going challenges

with recruiting and enrolling underrepresented popula-

tions into most AD clinical research, especially multisite

observational studies and clinical trials.Our findings high-

light the need for ADNI to increase enrollment of under-

represented ethnocultural and educational populations

to increase the generalizability of ADNI data to diverse

populations

3. Future directions: In response, an ADNI Diversity Task-

force was recently established to evaluate the current

efforts and facilitate improved recruitment approaches to

make the current and futureADNI phasesmore ethnocul-

turally and socioeconomically representative.

such as amyloid, for clinical trials. It is therefore important to inves-

tigate biomarker distribution among ethnocultural groups in ADNI as

differential distribution of biomarker positive individuals across ethno-

cultural groups could impact such biomarker validation studies. There-

fore, the overall goal of this work was to describe screening and enroll-

ment of ADNI participants between 2005 and 2020 and biomarkers,

with a specific focus on ethnocultural and educational URP groups

to assess the generalizability of ADNI data to diverse populations.

The first aim was to describe the sociodemographic characteristics of

everyone screened and enrolled in ADNI and compare the sociode-

mographic characteristics of screened and enrolled ADNI participants

to the US Census. We tested the hypothesis that screen fail rates are

higher in ethnocultural and educational URPs. The second aim was

to describe and compare participant characteristics (including demo-

graphics and amyloid positivity) at the time of enrollment by ethnocul-

tural and educational attainment groups.

2 METHODS

2.1 Sample

ADNI is an ongoing, longitudinal, multicenter study whose overall aim

is to develop and validate clinical, imaging, genetic, and biochemical
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biomarkers for use in AD clinical trials. Participants aged between 55

and 90 are recruited at >50 sites in the United States and Canada and

undergoa seriesof initial and longitudinal assessments, including a clin-

ical evaluation, neuropsychological tests, genetic testing, lumbar punc-

ture, and magnetic resonance imaging and positron emission tomogra-

phy (PET) scans. Participants are classified as cognitively unimpaired

(CU) or as having mild cognitive impairment (MCI) or dementia due to

AD. Some ADNI phases added subjective cognitive decline (SCD) as an

additional baseline diagnostic group, and stratified MCI into early and

late MCI. So far, there have been four phases of the ADNI study (1,

GO, 2, and 3) and to the extent possible, participants were carried for-

ward (also referred to as rolled over) from previous phases for contin-

ued monitoring, while new participants were added with each phase.

This study focused on ADNI data across the four phases available by

December 1, 2020 and included all unique individuals ever screened

(N= 3739) and enrolled (N= 2286).

2.2 Screening metrics

The following characteristics (age, sex at birth, ethnocultural identity,

education), diagnostic groups (CU, MCI, AD), and ADNI cohort (1, GO,

2, 3) were collected during screening andwere retrieved for this study.

Participants were categorized as having failed or passed screening

requirements. SCDwere included in theCUdiagnostic group. Early and

lateMCI were included in theMCI group.

2.3 Enrollment metrics

Characteristics of all ever-enrolled participants were summarized,

including ADNI phase at baseline, sociodemographic information (age,

sex at birth, education in years, educational attainment groups, eth-

nocultural group), diagnosis group, family history of AD/dementia,

biomarker data (apolipoprotein E ε4 carrier status, amyloid status).

Age is presented as a continuous variable and the sex at birth vari-

able differentiates between male and female. Education attainment

was included as a proxy for socioeconomic status and is presented as

continuous in years, as well as a two-level categorical variable (≤12

years, >12 years of education), and the ethnocultural group variable

included Latinx, non-Latinx Black, non-Latinx Asian, and non-Latinx

White. Among participants with amyloid PET or cerebrospinal fluid,

amyloid positive status required any one of: Pittsburgh compound

B standardized uptake value ratio (SUVR) > 1.43 at any visit (only

applies to ADNI-1), Florbetapir SUVR > 1.11 at baseline, Florbetaben

SUVR > 1.08 at baseline, or Roche CSF Abeta < 900pg/ml at baseline;

else participants were identified as amyloid negative. Diagnosis group

included CU,MCI, and AD.

2.4 US Census

The US Census data from the 2019 American Community Survey was

used to determine nationally representative percentage estimates for

the US population 60 years or older.29

2.5 Statistical analysis

Summary characteristics of all ADNI participants who were ever

screened, failed screening, and passed screening were tabulated

(including frequencies, percentages for categorical variables andmean,

standard deviation [SD] for continuous data).We assigned participants

into fivemutually exclusive ethnocultural groups:Hispanic/Latino (Lat-

inx), not Hispanic/Latino Black or African American (non-Latinx Black),

not Hispanic/Latino Asian (Non-Latinx Asian), not Hispanic/Latino

Caucasian/White (non-Latinx White), and not Hispanic/Latino other

racial group (Other). The “Other” group included participants who self-

reported as American Indian, Alaska Native, Native Hawaiian/Pacific

Islander, indicated more than one race, or refused to answer, each

of which represented a relatively small sample size. We determined

whether screened participants screen failed at equal rates between

ethnocultural and education attainment groups using Pearson Chi-

square test for categorical variables,Wilcoxon test for continuous vari-

ables among education attainment groups, and the Kruskal–Wallis test

among ethnocultural groups.We also tested for the interaction of edu-

cation and ethnicity on screening status (failed vs. passed) with logis-

tic regression. Additionally, confidence intervals around theproportion

of each ethnocultural group were used to compare the ADNI popula-

tion to theUSCensus60+populationbyethnoracial group. If appropri-

ate, pairwise comparisonswithin groupswere performed to determine

whether there were any significant differences among ethnocultural

groups. Odds ratios (ORs), 95% confidence intervals (CIs), and P-values

were reported. All analyses were performed in R (version 4.0.4).30 Due

to the exploratory nature of this analysis, no adjustments were made

for multiple comparisons and results are reported using point esti-

mates, 95%CI, and unadjusted P-values.

3 RESULTS

3.1 Screening

Since the start of ADNI a total of 3739 individuals have been screened.

Characteristics by screening status (failed vs. passed) are compared in

Table 1. Of all screened individuals, the average age was 72.6 years

(SD = 8.0), 1902 (52%) were male, 146 (4%) were Latinx, 67 (2%) non-

LatinxAsian, 196 (5%) non-Latinx Black, 3170 (87%) non-LatinxWhite,

the average years of education was 15.9 (SD = 2.8), 580 (16%) had

≤12 years of education, and most had MCI (1852; 51%); 1378 (37%)

failed screening. Compared to the US Census 2019 American Com-

munity Survey for adults 60+ (Table 2), ADNI underrepresents Latinx

(Δ5.2%), non-Latinx Black (Δ = 4%), non-Latinx Asian (Δ = 2.7%), and

adults with education ≤12 years (Δ = 27.7%). There were significant

differences in age in years (P< .001), years of education (P= .016), edu-

cational attainment group (P = .006), diagnosis group (P < .001), and

original ADNI cohort (P < .001) between individuals who failed com-

pared to those who did not fail. Individuals who failed screening were

younger (71.65 [9.0] compared to 73.13 [7.4]) and had less education

(15.75 [3.0] compared to 16.04 [2.75]) compared to those who did not
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TABLE 1 Participant characteristics of everyone screened

Total screened

(N= 3739)

n (%)

Failed screening

(N= 1378)

n (%)

Passed screening

(N= 2361)

n (%) P

Age in yearsa 72.6 (8.0) 71.7 (9.0) 73.1 (7.4) <0.001c

Sex at birth 0.122d

Female 1756 (48%) 645 (50%) 1111 (47%)

Male 1902 (52%) 652 (50%) 1250 (53%)

Ethnocultural groupb 0.756d

Latinx 146 (4%) 49 (4%) 97 (4%)

Non-Latinx Asian 67 (2%) 20 (2%) 47 (2%)

Non-Latinx Black 196 (5%) 72 (6%) 124 (5%)

Non-LatinxWhite 3170 (87%) 1113 (87%) 2057 (87%)

Other 62 (2%) 26 (2%) 36 (2%)

Education (years)a 15.9 (2.8) 15.7 (3.0) 16.0 (2.7) 0.016c

Educational attainment group 0.006d

<12 580 (16%) 233 (18%) 347 (15%)

>2 3064 (84%) 1050 (82%) 2014 (85%)

Diagnosis group

CU 1852 (51%) 752 (60%) 1100 (47%) <0.001d

MCI 1171 (32%) 319 (25%) 852 (36%)

AD 592 (16%) 184 (15%) 408 (17%)

Original ADNI cohort

ADNI-1 1274 (34%) 452 (33%) 822 (35%) <0.001d

ADNI-GO 377 (10%) 234 (17%) 143 (6%)

ADNI-2 1232 (33%) 409 (30%) 823 (35%)

ADNI-3 856 (23%) 283 (21%) 573 (24%)

aMean (standard deviation) for continuous variables. N is the number of non-missing values.
bP-values are derived from tests excluding theOthers’ ethnocultural level.
cWilcoxon test.
dPearson test.

Abbreviations: AD, Alzheimer’s disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative; CU, cognitively unimpaired;MCI, mild cognitive impairment.

TABLE 2 ADNI enrolled participants compared to the US Census 2019 American Community Survey

USCensus

ADNI screened

N= 3739

ADNI enrolled

N= 2286

Ethnocultural group

Latinx 9.2% 146 (3%–5%) 88 (3%–5%)

Asian 4.7% 67 (1%–2%) 46 (1%–3%)

Black 10.0% 196 (5%-6%) 114 (4%–6%)

White 74.6% 3170 (84%–86%) 2003 (86%–89%)

Other 4.1% 62 (1%–2%) 35 (1%–2%)

Educational attainment group

<=12 43.7% 580 (14%–17%) 339 (13%–16%)

>12 56.3% 3064 (81%–83%) 1947 (84%–87%)

Note: For ADNI screened and enrolled, the number per group and 95% confidence interval for proportion are shown.

Abbreviation: ADNI, Alzheimer’s Disease Neuroimaging Initiative.
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fail screening. There was no significant difference in screen fail rate

between non-URP and URP participants (P = 0.92, CI = –0.05, 0.04).

We found no significant effect of the interaction between education

and ethnicity on screening status (OR = 0.61, CI = 0.27, 1.39). Individ-

uals with education ≤12 years failed screening at a significantly higher

rate (0.4) compared to individuals with an education >12 years (0.34)

(P= 0.01, CI= 0.01, 0.10).

3.2 Enrollment

3.2.1 Enrolled sample characteristics

Of all enrolled participants (N = 2286), the mean age was 73.2 years,

1214 (53%) were male, 1947 (85%) had >12 years of education, 88

(4%) were Latinx, 46 (2%) were non-Latinx Asian, 114 (5%) were non-

Latinx Black, and 2003 (88%) were non-Latinx White (and 35 Oth-

ers). Compared to the US Census 2019 American Community Sur-

vey for adults 60+ (Table 2), ADNI enrollment underrepresents Latinx

(Δ = 5.1%), non-Latinx Black (Δ = 4.7%), non-Latinx Asian (Δ = 2.6%),

and adults with education ≤ 12 years (Δ = 28.7%). Sociodemographic,

diagnostic, and biomarker characteristics are shown by ethnocultural

groups (Table 3) and by educational attainment groups (Table 4). There

were significant differences between ethnocultural groups in age in

years, sex at birth, education attainment group, education in years,

diagnosis group, and original ADNI protocol, as well as amyloid posi-

tivity status. There were also significant differences between educa-

tional attainment groups, age in years, sex at birth, diagnosis group,

original ADNI cohort, and amyloid positivity status. We used multi-

variable regression analysis to test whether the statistically signifi-

cant differences due to ethnocultural and education attainment groups

on rates of amyloid positivity still existed after adjusting for age, sex,

diagnosis group, and educational attainment or ethnocultural group,

respectively (Table 5). Identifying as non-Latinx Asian was associated

with having 64% reduced odds of being amyloid positive than non-

Latinx White participants (P = 0.014). Additionally, identifying as Lat-

inx was associated with having 46% reduced odds of being amyloid

positive than non-Latinx White participants (P = .031). There were

no statistically significant associations with educational attainment

groups.

4 DISCUSSION

The first main finding was that individuals identifying as ethnocul-

tural and especially educational URPs are underrepresented among

the screened and enrolled participants compared to the US Census.

The secondmain finding was that lower educationwas associatedwith

a higher screen fail rate. The third main finding was that after adjust-

ing for age, sex at birth, education, and diagnosis, non-Latinx Asian and

Latinx participants were less likely to be amyloid positive compared to

non-LatinxWhite participants.

4.1 Screening and enrollment of ethnocultural
populations

Our firstmajor findingwas that only 11%of screened and enrolled par-

ticipants identified as Latinx, non-Latinx Black, or non-Latinx-Asian. In

contrast, the US Census reports 28% non-Whites aged 60+. This was

expected, as despite strong efforts and initiatives and overall advance-

ment in novel initiatives to improve outreach and recruitment of par-

ticipant volunteers, ethnocultural URPs remain underrepresented in

AD research.16–19,31 Trial recruitment is often described as being one

of the most prominent barriers to advancing our understanding of AD

interventions18 as it requires significant time, research and adminis-

trative personnel, and sufficient funds. Past studies show that recruit-

ment of URPs is even more challenging due to population-specific

barriers and facilitators of research participation. For example, com-

mon barriers include mistrust and fear (e.g., due to previous exploita-

tion), stigma, racism, and competing demands and common facilitators

include culturally tailored study designs, rapport, benefits to participa-

tion, altruism, education, and endorsement from the family regarding

study participation.17,32 To improve enrollment and retention of eth-

noculturalURPs, it is important tobetterunderstandandaddress these

barriers and facilitators.

4.2 Screening and enrollment by educational
attainment

Only 16% of the screened and 15% of the enrolled participants indi-

cated having ≤12 years of education, which substantially underrep-

resents this group of participants compared to adults aged 60+ from

the 2019 US Census American Community Survey (44%).29 Partici-

pants with lower education were even more underrepresented than

ethnocultural URPs. As expected, ADNI participants from all ethno-

cultural populations were highly educated, ranging between 15.7 and

17.26 years of education, which is consistent with other AD-related

cohorts.33

4.3 Screen fails of ethnocultural populations

Contrary to hypothesis, our analyses did not show statistically signif-

icant differences in screen fail rates among ethnocultural URPs com-

pared to non-Latinx White participants; however, these results will

need to be interpreted with caution due to the small sample size. We

expected that screen fails would be high among underrepresented eth-

nocultural groups due to higher incidence of medical comorbidities in

URPs,34–37 which are likely a byproduct of disparities in social deter-

minants of health among URPs. Based on these findings, differences

in screen fail rates and dropout do not appear to account for less eth-

nocultural diversity in ADNI. Potential explanations might be that eth-

nocultural URPs were not approached with the current recruitment

strategies and/or that ethnoculturalURPswereapproachedbutdidnot

advance past the prescreening process.
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TABLE 3 Participant characteristics at time of enrollment by ethnocultural groups

Total

N= 2286

n (%)

Latinx

N= 88

n (%)

Non-Latinx

Asian

N= 46

n (%)

Non-Latinx

Black

N= 114

n (%)

Non-Latinx

White

N= 2003

n (%)

Others

N= 35

n (%) P

Age in yearsa 73.21 (7.22) 70.23 (7.51) 73.93 (8.06) 71.45 (7.37) 73.46 (7.13) 71.13 (7.40) <0.001b

Sex at birth <0.001c

Male 1214 (53%) 36 (41%) 24 (52%) 41 (36%) 1101 (55%) 12 (34%)

Female 1072 (47%) 52 (59%) 22 (48%) 73 (64%) 902 (45%) 23 (66%)

Educationa 16.05 (2.76) 15.25 (3.25) 17.26 (2.14) 15.17 (2.94) 16.09 (2.72) 16.51 (2.80) <0.001b

Education attainment group 0.013c

<12 years 339 (15%) 17 (19%) 1 (2%) 24 (21%) 292 (15%) 5 (14%)

>12 years 1947 (85%) 71 (81%) 45 (98%) 90 (79%) 1711 (85%) 30 (86%)

Diagnosis group 0.033c

Cognitively unimpaired 831 (36%) 35 (40%) 19 (41%) 58 (51%) 707 (35%) 12 (34%)

Mild cognitive impairment 1056 (46%) 39 (44%) 17 (37%) 39 (34%) 944 (47%) 17 (49%)

Alzheimer’s disease 399 (17%) 14 (16%) 10 (22%) 17 (15%) 352 (18%) 6 (17%)

Family history of AD/dementia 0.427c

No 833 (41%) 27 (36%) 17 (42%) 44 (48%) 731 (41%) 14 (45%)

Yes 1198 (59%) 49 (64%) 23 (57%) 48 (52%) 1061 (59%) 17 (55%)

Original ADNI cohort 0.005c

ADNI-1 819 (36%) 19 (22%) 14 (30%) 38 (33%) 740 (37%) 8 (23%)

ADNI-GO 131 (6%) 8 (9%) 1 (2%) 4 (4%) 113 (6%) 5 (14%)

ADNI-2 790 (35%) 31 (35%) 14 (30%) 34 (30%) 696 (35%) 15 (43%)

ADNI-3 546 (24%) 30 (34%) 17 (37%) 38 (33%) 454 (23%) 7 (20%)

Amyloid

Aβ+ 372 (21%) 24 (34%) 12 (38%) 21 (25%) 312 (20%) 3 (11%) 0.002c

Aβ– 1425 (79%) 47 (66%) 20 (62%) 64 (75%) 1270 (80%) 24 (89%)

Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative.
aMean (standard deviation) for continuous variables. N is the number of non-missing values. P-values are derived from tests excluding the Others’ ethnocul-

tural level.
bTests used:Wilcoxon test.
cPearson test.

4.4 Screen fails by educational attainment

As hypothesized, we found that individuals with education ≤12

years failed screening at a higher rate compared to individuals with

education >12 years. These results are consistent with previous

findings.36,38 There is evidence that participants deemed as eligible

in randomized clinical trials tend to be better educated, compared

to ineligible participants.36 One reason may be that individuals with

lower educational attainment are less likely to be eligible due to the

greater presence of health issues compared to more highly educated

adults.38 Individualswith lower educationmight havemore comorbidi-

ties due to disparities in social determinants of health. The inclusion

of individuals with lower education might be particularly important in

AD prevention trials when considering the potential protective effect

of education39 on AD. These findings highlight the importance of

targeted recruitment and engagement strategies for individuals from

lower educational attainment backgrounds specifically.

Although this analysis focused on ethnocultural groups and educa-

tion attainment, we interestingly also found that individuals who failed

screening were younger and a higher proportion of individuals who

screen failed were CU and screened in ADNI-GO compared to those

who did not fail. This is likely because certain ADNI phases restricted

eligibility to certain diagnostic groups. For example, ADNI-GOenrolled

only individuals with early MCI. However, this is an interesting avenue

for further investigation.

4.5 Amyloid status

We found that even after accounting for age, sex at birth, diagnosis,

and education, there were associations between ethnocultural pop-

ulations and amyloid status. Specifically, non-Latinx Asians and Lat-

inx participants were less likely to be amyloid positive. These results

must be interpreted with caution due the small and unrepresentative
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TABLE 4 Participant characteristics at time of enrollment by educational attainment

Educational attainment≤12 years

N= 339

n (%)

Educational attainment>12 years

N= 1947

n (%) P

Age in yearsa 74.32 (7.08) 73.02 (7.22) 0.005c

Sex at birth 0.001d

Male 153 (45%) 1061 (54%)

Female 186 (55%) 886 (46%)

Ethnocultural groupb 0.013d

Latinx 17 (5%) 71 (4%)

Non-Latinx Asian 1 (0%) 45 (2%)

Non-Latinx Black 24 (7%) 90 (5%)

Non-LatinxWhite 292 (86%) 1711 (88%)

Others 5 (1%) 30 (2%)

Diagnosis group <0.001d

Cognitively unimpaired 75 (22%) 756 (39%)

Mild cognitive impairment 172 (51%) 884 (45%)

Alzheimer’s disease 92 (27%) 307 (16%)

Family history of

AD/dementia

<0.001d

No 165 (53%) 668 (39%)

Yes 145 (47%) 1053 (61%)

Original cohort <0.001d

ADNI-1 162 (48%) 657 (34%)

ADNI-GO 19 (6%) 112 (6%)

ADNI-2 109 (32%) 681 (35%)

ADNI-3 49 (14%) 497 (26%)

Amyloid 0.009d

Aβ+ 204 (86%) 1221 (78%)

Aβ– 34 (14%) 338 (22%)

Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative.
aMean (standard deviation) for continuous variables. N is the number of non-missing values.
bP-values are derived from tests excluding theOthers’ ethnocultural level.
cTests used:Wilcoxon test.
dPearson test.

sample of ADNI. However, these results are consistent with previous

research that found lower rates of amyloid positivity in aging minor-

ity cohorts (including Latinx and Asian participants).40 However, these

findings do not necessarily represent true shared biology or genetic

make-up in this population. These findings stand in contrast to the

overall increased risk of AD in the Latinx population3,5 even though

the risk differs across Latino ethnic groups.7—9 Recent research found

that Latinx individuals were more likely to have clinicopathologically

defined cerebrovascular disease contributing to their dementia than

non-Latinx White individuals,41 which might be a potential explana-

tion for lower rates of AD biomarkers despite an increased AD risk.

The higher incidence of cerebrovascular disease among Latinx individ-

uals might be due to social determinants of health that place them at

greater risk for developing this pathology. This is a complex issue that

needs to be explored further.

4.6 ADNI Diversity Taskforce

In response to the lack of diversity, an ADNI Diversity Taskforce

was recently established to evaluate the current efforts and facili-

tate improved recruitment approaches to make the current and future

ADNIphasesmore ethnoculturally representative. Someof the current

accomplishments of the taskforce include:

∙ Establishment, funding, and support of 12 Diversity Recruitment

Hubs for ADNI-3

∙ Changes to ADNI protocol to facilitate research participation (e.g.,

optional lumbar puncture and sharing of amyloid PET results)

∙ Hiring of an advertising agency that creates intensive, culturally tai-

lored digital and print media marketing campaigns

∙ Development of a REDCap database to capture performance met-

rics of outreach efforts
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TABLE 5 Association between sociodemographic characteristics
and amyloid positivity status

Amyloid positivity status (ref. level:

negative)

Predictor level

Odds

ratio 95%CI P

Ethnocultural group

(non-LatinxWhite)

1.000

Latinx 0.544 [0.313,0.947] 0.031

Non-Latinx Asian 0.359 [0.159,0.812] 0.014

Non-Latinx Black 1.074 [0.627,1.839] 0.796

Age (years) 1.049 [1.030,1.068] <0.001

Male 1.01 [0.786,1.298] 0.936

>12 years of education 0.787 [0.523,1.185] 0.252

Diagnosis group (dementia) 1.000

Cognitively unimpaired 0.092 [0.052,0.163] <0.001

Mild cognitive

impairment

0.3 [0.169,0.535] <0.001

Note: This section excludes the Others’ ethnocultural groups due to low

sample sizes in groups.

Abbreviation: CI, confidence interval.

4.7 Limitations

Because the sample sizes of underrepresented ethnocultural and edu-

cational attainment populations are small, interpretations of the find-

ings should be made with caution. Further, due to small sample sizes

in other ethnocultural populations (including multiple races, Ameri-

can Indian or Alaskan Native, and Native Hawaiian or Other Pacific

Islander) we were not able to analyze these ethnocultural groups in

detail. We were also not able to compare screen fail reasons due to

small numbers of screen fails in underrepresented populations. A bet-

ter understanding of how and which screen fail reasons affect the eli-

gibility and inclusion of URPs is crucial to increase the external valid-

ity of future studies and ADNI. It would be important to closely moni-

tor screen fail reasons in underrepresented populations in futureADNI

phases. This analysis was limited to the data collected in the ADNI pro-

tocols. For example, ADNI does not delineate beyond the above listed

ethnocultural population, which leads to the homogenization of oth-

erwise heterogeneous populations, especially in the Asian and Latinx

populations. A limitation of the ADNI recruitment and enrollment is

that Spanish language testing over the entire study is only offered at

a limited number of sites, and therefore is not truly representative of

the US Census data. Further, the result for years of educational attain-

ment variable must be considered with caution, as information about

other aspects of education, for example, quality of education and adult

literacy status, are missing. In addition, we were not able to investi-

gate the influence of other sociocultural factors (e.g., immigration sta-

tus, language, discrimination, location, income) on study screening and

enrollment. The cognitive measure used as part of the classification of

ADNI participants into diagnostic groups (CU,MCI, AD) did not include

demographically adjusted norms that account for ethnocultural status

(e.g., the Logical Memory Test - Delayed Paragraph Recall Paragraph A

used only education adjusted cut-offs). This is an important limitation

of the current study and a high priority future direction for ADNI to

use the best available tests and normative data to provide an evidence

based, culturally responsive approach to the diagnostic classification of

ethnoculturally diverse participants.42,43 Future investigation will also

look at participant drop-out within ADNI and between ADNI phases.

5 CONCLUSION

In conclusion, this study shows that so far ADNI has mostly recruited

and enrolled highly educated non-Latinx White older adults. This indi-

cates thatADNI reflects the general recruitment andenrollment biases

present in most AD clinical research and suggests that ADNI find-

ings may not be entirely generalizable to diverse populations including

those of ethnocultural diversity and of low education. This highlights

the need for tailored enrollment and engagement strategies for URPs,

which the newly establishedADNIDiversity Taskforce aims to achieve.

ACKNOWLEDGMENT

Theauthors appreciate the entireADNI staff and all ADNI participants.

CONFLICTS OF INTEREST

Dr. Ashford and Mr. Coker and declare no potential conflicts of

interest. Dr. Raman has received grants from the National Insti-

tutes of Health, Alzheimer’s Association, Eli Lilly, and Eisai. Dr.

Raman serves as the Vice-Chair of the Alzheimer’s Association

San Diego/Imperial Chapter Board on a volunteer basis. Mr. Miller

has received support from the National Institutes of Health and

Eisai. These payments were made to his institution. Dr. Donohue

declares that payments were made to his institution from all of the

following grants: R01AG053798, U24AG057437, R01AG068324,

R01AG061848, R01AG054029, R01AG063689, R01AG058468,

U01AG057195, H8A-MC-LZAZ/ADC-040-A4 (ELI LILLY & CO.),

R01AG047992, R61HD100973, U19AG024904. He has served

on scientific advisory boards for Biogen, Eli Lilly, and Neurotrack;

and has consulted for Roche. All payments were made to him. Dr.

Donohue also received honorarium from University of Minnesota

for a lecture. All travel to meetings was supported by NIH grants to

his institution. He received payment from University of California

San Diego for participating on a DSMB. His spouse is a full-time

employee of Janssen. Dr. Okonkwo receives grant support from NIH

for the present manuscript and attending meetings and/or travel.

He is on the INS Board of Directors (Treasurer). M. Rivera Mindt

declares all payments to institution: Ongoing Research NIH/NIGMS

SC3GM141996 (PI: D. Byrd) Project Title: Health Disparities in

Alzheimer’s Disease: Intergenerational and Sociocultural Contributors

to Dementia Literacy in Immigrant Latinx Families. This study will

examine dementia literacy levels and the influence of generation

status and sociocultural factors in Latinx immigrant family dyads. Role:

Co-Investigator Total Award: $346,500 NIH/NIA R13 AG071313-01

(MPIs: M. Rivera Mindt, R. Turner-II, M. Carrillo) 01/15/21 – 12/31/24



ASHFORD ET AL. 9

Project Title: Black Male Brain Reserve, Resilience & Alzheimer’s

Disease: Life Course Perspectives This three-year conference series

will advance health disparities and cognitive aging research via

focused and collaborative attention on increasing representation and

engagement of Black males in ADRD research. Role: Co-Principal

Investigator Total Award: ≈$162,000 Genentech Health Equity Inno-

vations 2020 Fund G-89294 01/01/21–12/31/24 (MPIs: M. Rivera

Mindt, R. Nosheny & C. Hill) Project Title: Digital Engagement of

Black/African American Older Adults in Alzheimer’s Disease Clinical

Research Using the Brain Health Registry The goal of this project is

to improve participation of Black/African American older adults in

Alzheimer’s Disease research using novel, innovative community-

engaged research techniques. Role: Co-Principal investigator Total

Award: $749,500 NIH/NIA R01AG065110 - 01A1 (PI: M. Rivera

Mindt) 09/15/20-08/31/25 Project Title: Study of Aging Latinas/os

for Understanding Dementia in HIV (S.A.L.U.D.) This is a longitudinal

observational study of dementia rate and genetic, neuromedical, and

sociocultural risk factors for dementia and changes in brain integrity

in older HIV- & HIV+ Latinx adults. Role: Principal investigator Total

Award: ≈$3,329,120 NIH/NIA 5U19AG024904-14 (PI: M. Weiner)

07/15/20-07/30/22 Project Title: Alzheimer’s Disease Neuroimaging

Initiative (ADNI) The goal of ADNI is to discover, standardize, and

validate biomarkers for AD treatment trials. Dr. Rivera Mindt will Co-

Lead the ADNI Diversity Taskforce to advance diversity recruitment &

related scientific goals. Role: Subcontract PI/Co-Investigator/Co-Lead

of ADNI Diversity Task Force Total Award: $96,040,840 Note. One

of many ongoing ADNI grants NIH/NIA R01AG066471-01A1 (MPIs:

A. Federman & J.P. Wisnivesky) 04/13/20-04/12/25 Project Title:

Natural Language Processing and Automated Speech Recognition

to Identify Older Adults with Cognitive Impairment (CI) This is a

large (N = 1000) multi-site observational study of machine learning

techniques to identify CI in a diverse sample of older adults. Total

Award: $4,278,550 Role: Co-Investigator Alzheimer’s Association

Research Grant AARGD-16-446038 07/01/17 – 06/30/20 (PI: Rivera

Mindt; PI of subcontract to Mt. Sinai: J. Robinson-Papp) Project

Title: Alzheimer’s, Cerebrovascular, & Sociocultural Risk Factors

for Dementia in HIV This cross-sectional study aims to understand

the relative roles of HIV and aging in neurocognitive impairment of

HIV+ Latinx older adults, including genetic, neuroimaging, laboratory,

and neurocognitive evaluations. Role: Principal Investigator Total

Award: $165,000. Dr. Rivera Mindt declares to have been paid for

the following: (1) Panel Moderator: Rivera Mindt, M., Hilsabeck,

R. Marquine, M., and Trittschuh, E. (To be Presented 2021, June

[delayed due to COVID-19 pandemic]). Hot Topics in Culture and

Gender in Clinical Neuropsychology. Workshop to be presented at

the American Academy of Clinical Neuropsychology annual meeting,

Chicago, IL. (2) Invited Presentation: Savin, MJ & Rivera Mindt, M.G.

(2021, May). Recommendations from the Rez: Guidelines and Future

Directions for Neuropsychological Assessment among American

Indian/Alaska Natives Adults. UCSD/San Diego VA Clinical Neu-

ropsychology Seminar: Diversity Series in San Diego, CA. (3) Invited

Presentation: Rivera Mindt, M. (2021, March). The Persistence of

U.S. Brain Health Disparities: Moving Forward through Cultural

Neuropsychology. Harvard MGH Psychology Assessment Center

Seminar; Boston, MA [virtual]; March 18, 2021. (4) Grand Rounds

Presentation: Rivera Mindt, M. (2020, March [delayed due to COVID-

19 pandemic]). Advancing Brain Health Equity in the 21st Century.

University of Washington Department of Neurology Grand Rounds;

Seattle, WA.; March 5th, 2020. (5) Keynote Presentation: Rivera

Mindt, M. (2020, March). Improving Diagnostic Precision and Health

Outcomes within the U.S. Latinx Population through Evidence-Based

Neuropsychological Evaluation. Annual Conference of the Pacific

Northwest Neuropsychological Society; Seattle, WA.; March 7th,

2020. (6) Invited Presentation: Rivera Mindt, M. (2020, January). The

Vital Future of Clinical Psychology Through Diversity and Inclusion.

Annual Conference of the Council of University Directors of Clinical

Psychology; Austin, TX; January 18, 2020. (7) Invited Presentation:

Rivera Mindt, M. (2019, October). Cultural Neuroscience in Society.

National Academy of Sciences/Simons Foundation: The Science &

Entertainment Exchange. Woodhull, MA. (8) Invited Presentation:

Rivera Mindt, M. (2019, April). Cognitive Effects of Chronic Opioid

Use, Treatment, and Implications for HIV & Health Disparities. Emory

University HIV & Aging Conference. (9) Invited Presentation: Rivera

Mindt, M. (2019, March). Brain & Cognitive Health in a Sociocultural

Framework. Brown University Alpert Medical School, Department of

Psychiatry and Human Behavior Grand Rounds. (10) Invited Presen-

tation: Rivera Mindt, M. (2018, November). Neurocognitive diagnosis

and care of older Latinx adults with neurocognitive impairment: A

Culturally-tailored approach. Paper presentation at the Wisconsin

Alzheimer’s Institute/University of Wisconsin School of Medicine &

Public Health 16th Annual Alzheimer’s Disease Update Conference.

(11) Invited Panelist: Rivera Mindt, M. (2018, Oct.). Developing multi-

cultural competencies. Panel presentation at the 38th annual meeting

of the National Academy of Neuropsychology, New Orleans, LA. (12)

Invited Panelist: RiveraMindt, M. (2018, Sept.). The Clinical Neuropsy-

chologist: Increasing Diversity & Inclusion. Council of Science Editors,

Technica Editorial Services Webinar. The Peer Review Ecosystem:

Where Does Diversity & Inclusion Fit In? 2018 [accessed 2018 Oct

9]. https://www.councilscienceeditors.org/resource-library/past-

presentationswebinars/past-webinars/2018-webinar-3-the-peer-

reviewer-ecosystem-where-does-diversity-inclusion-fit-in/. (13)

Invited Colloquium Presentation: Rivera Mindt, M. (2018, Sept.).

Cultural neuropsychology: Implications for research and practice.

Dept. of Psychology, Ohio University, Athens, OH. Support for

attending meetings: NIH and Fordham University; paid to her if I

needed to be reimbursed. Dr. Rivera Mindt has held the following

roles: National/Regional Leadership 2021 – Present Advisory Board

Member, ALL-FTD External Advisory Board 2021 – Present Advisory

Board Member, Brown University Center for Alzheimer’s Disease

Research 2021 – Present Member, Centers for Disease Control

and Prevention (CDC) BOLD Public Health Center of Excellence on

Dementia Risk Reduction Expert Panel 2021 – Present Member,

CDC/National Alzheimer’s Project Act (NAPA) Physical Activity,

Tobacco Use, and Alcohol Workgroup 2021 – Present Member, Ein-

stein/Rockefeller/Hunter CFAR (ERC-CFAR) HIV and Mental Health

Scientific Working Group 2020 – Present Board Member, Alzheimer’s

https://www.councilscienceeditors.org/resource-library/past-presentationswebinars/past-webinars/2018-webinar-3-the-peer-reviewer-ecosystem-where-does-diversity-inclusion-fit-in/
https://www.councilscienceeditors.org/resource-library/past-presentationswebinars/past-webinars/2018-webinar-3-the-peer-reviewer-ecosystem-where-does-diversity-inclusion-fit-in/
https://www.councilscienceeditors.org/resource-library/past-presentationswebinars/past-webinars/2018-webinar-3-the-peer-reviewer-ecosystem-where-does-diversity-inclusion-fit-in/


10 ASHFORD ET AL.

Association NYC Chapter Board of Directors 2020 – Present Advisory

Board Member, Society for Black Neuropsychology 2020 – Present

Advisory Board Member, @SocialThatSupports (Chair: Dr. David

Washington) 2019 Elections Committee, International Neuropsy-

chological Society 2018 – Present Co-Founder & Co-Chair, Wisdom

Workgroup for Indigenous Neuropsychology: A Global Strategy

(Wisdom WINGS) 2018 – 2020 Continuing Education (CE) Program

Committee, International Neuropsychological Society 2016 – 2020

President-Elect * President * Past-President (Elected Position), His-

panic Neuropsychological Society (HNS) Community 2020 – Present

Board of Directors - Treasurer, Harlem Community & Academic

Partnership 2019 – Present Older Adults Subcommittee Member,

East Harlem Community Health Committee 2014 – 2019 Advisory

BoardMember, SMARTUniversity (NYC-basedCBO forHIV+women)

2013 – 2020 Board of Directors - Secretary, Harlem Community &

Academic Partnership. Dr. Nosheny has received support from NIH

(support to institution) for the present manuscript and grant from:

NIH (grant to institution), California Department of Public Health

(grant to institution), Genentech, Inc. (grant to institution), Alzheimer’s

Association (grant to institution). Dr. Nosheny received the following

support for attending meetings: MCI 2020 symposium/Mt. Sinai:

payment to her. Dr. Petersen reports support from Roche (consulting),

Merck (consulting), Biogen (consulting), Eisai (consulting), Genentech

(board member), DSMB, grants: U01 AG024904 U01 AG006786 P30

AG062677. He has received royalties/licenses fromOxford University

PressUpToDate. Dr. Aisen reports research support through payments

to his institution fromJanssen, Lilly, Eisai, NIA, FNIH, Alzheimer’s Asso-

ciation, and consulting fees from Biogen, Merck, Shionogi, Rainbow

Medical, ImmunoBrain Checkpoint, Roche, Abbvie. Dr. Weiner is the

Principal Investigator of NIH funded grants, which are administered

through his institutions: UCSF and NCIRE. He received the following

fundingwithin the past 36months, as Principal Investigator:NIHgrant:

1RF1AG059009-01 administered through UCSF: $6,240,949 total

project – start date 9/1/2018 CA Dept. of Health grant: 19-10616

administered through UCSF: $1,799,728 total project – start date

4/1/2020 NIH grant: 1R33AG062867-01A1 administered through

UCSF: $3,229,069 total project – start date 4/15/2020 NIH Subaward

from Dr. Richard Gershon: 1U2CA060426-01 administered through

NCIRE: $65,036 annual directs only – start date 11/1/2018NIH grant:

1R01AG058676-01A1 administered through NCIRE: $3,646,420

total project – start date 9/30/2018. The following entities paid

consulting fees to him directly, within the past 36months: Baird Equity

Capital, BioClinica, Cerecin, Inc., Cytox, Dolby Family Ventures, Duke

University, FUJIFILM-Toyama Chemical (Japan), Garfield Weston,

Genentech, Guidepoint Global, IndianaUniversity, JapaneseOrganiza-

tion for Medical Device Development, Inc. (JOMDD), Nestle/Nestec,

NIH, Peerview InternalMedicine, Roche, T3DTherapeutics, University

of Southern California (USC), and Vida Ventures. The following entity

paid him for lecturing within the past 36 months: The Buck Institute

for Research on Aging. The following entity paid for travel expenses

for him to attend meetings within the past 36 months: University of

Southern California (USC). He has served on Advisory Boards for:

Acumen Pharmaceutical, ADNI, Brain Health Registry, Cerecin, Dolby

Family Ventures, National Institute on Aging (NIA), PCORI/PPRN,

Roche, T3D Therapeutics, University of Southern California (USC). He

leads the Advisory Boards for his projects, the Brain Health Registry,

and the Alzheimer’s Disease Neuroimaging Initiative. He is also on

the UCSF Committee for Human Research. He holds stock options

with Alzeca, Alzheon, Inc., and Anven. He receives support for his

work from the following funding sources: National Institutes of Health

(NIH): 5U19AG024904-14; 1R01AG053798-01A1; R01 MH098062;

U24 AG057437-01; 1U2CA060426-01; 1R01AG058676-01A1; and

1RF1AG059009-01; Department of Defense (DOD): W81XWH-

15-2-0070; 0W81XWH-12-2-0012; W81XWH-14-1-0462; and

W81XWH-13-1-0259; Patient-Centered Outcomes Research Insti-

tute (PCORI): PPRN-1501-26817; California Department of Public

Health (CDPH): 16-10054; University of Michigan: 18-PAF01312;

Siemens: 444951-54249; Biogen: 174552; Hillblom Foundation:

2015-A-011-NET; Alzheimer’s Association: BHR-16-459161; The

State of California: 18-109929. He also receives support from Johnson

& Johnson, Kevin andConnie Shanahan, GE, VUmc, AustralianCatholic

University (HBI-BHR), The Stroke Foundation, and the Veterans

Administration. He is a full-time professor for the University of Cal-

ifornia San Francisco (UCSF), at the San Francisco Veterans Affairs

Medical Center, and Principal Investigator of many projects with the

above grant funding.

REFERENCES

1. Brewster P, Barnes L, HaanM, et al. Progress and future challenges in

aging and diversity research in the United States. Alzheimers Dement.
2019;15(7):995-1003.

2. Babulal GM, Quiroz YT, Albensi BC, et al. Perspectives on ethnic and

racial disparities in Alzheimer’s disease and related dementias: update

and areas of immediate need.AlzheimersDement. 2019;15(2):292-312.
3. Demirovic J, Prineas R, Loewenstein D, et al. Prevalence of dementia

in three ethnic groups: the South Florida program on aging and health.

Ann Epidemiol. 2003;13(6):472-478.
4. Steenland K, Goldstein FC, Levey A, Wharton W. A meta-analysis

of Alzheimer’s disease incidence and prevalence comparing African-

Americans and Caucasians. J Alzheimers Dis. 2016;50(1):71-76.
5. Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the

United States (2010-2050) estimated using the 2010 Census. Neurol-
ogy. 2013;80(19):1778-1783.

6. Mehta KM, Yeo GW. Systematic review of dementia prevalence and

incidence inUnited States race/ethnic populations.Alzheimers Dement.
2017;13(1):72-83.

7. Mayeda ER, GlymourMM,Quesenberry CP,Whitmer RA. Inequalities

in dementia incidence between six racial and ethnic groups over 14

years. Alzheimers Dement. 2016;12(3):216-224.
8. Tang M-X, Cross P, Andrews H, et al. Incidence of AD in African-

Americans, Caribbean hispanics, and caucasians in northern Manhat-

tan.Neurology. 2001;56(1):49-56.
9. Haan MN, Miller JW, Aiello AE, et al. Homocysteine, B vitamins,

and the incidence of dementia and cognitive impairment: results

from the Sacramento Area Latino Study on Aging. Am J Clin Nutr.
2007;85(2):511-517.

10. Mayeda ER, Glymour MM, Whitmer RA. Heterogeneity in 14-year

dementia incidence betweenAsian American subgroups.Alzheimer Dis
Assoc Disord. 2017;31(3):181.

11. Sharp ES, Gatz M. The relationship between education and demen-

tia an updated systematic review. Alzheimer Dis Assoc Disord.
2011;25(4):289.



ASHFORD ET AL. 11

12. Lang IA, Llewellyn DJ, Langa KM, Wallace RB, Huppert FA, Melzer D.

Neighborhood deprivation, individual socioeconomic status, and cog-

nitive function in older people: analyses from the English Longitudinal

Study of Ageing. J AmGeriatr Soc. 2008;56(2):191-198.
13. Hunt JF, Vogt NM, Jonaitis EM, et al. Association of neighborhood con-

text, cognitive decline, and cortical change in an unimpaired cohort. Neu-
rology; 2021.

14. Yaffe K, Falvey C, Harris TB, et al. Effect of socioeconomic dispari-

ties on incidence of dementia among biracial older adults: prospective

study. BMJ. 2013;347:f7051.
15. Graff-Radford NR, Green RC, Go RC, et al. Association between

apolipoprotein E genotype and Alzheimer disease in African American

subjects. Arch Neurol. 2002;59(4):594-600.
16. Canevelli M, Bruno G, Grande G, et al. Race reporting and disparities

in clinical trials on Alzheimer’s disease: a systematic review. Neurosci
Biobehav Rev. 2019;101:122-128. http://doi.org/10.1016/j.neubiorev.
2019.03.020. Epub 2019/04/05. PubMed PMID. 30946856.

17. Gilmore-Bykovskyi AL, Jin Y, Gleason C, et al. Recruitment and reten-

tion of underrepresented populations in Alzheimer’s disease research:

a systematic review. Alzheimers Dement. 2019;5:751-770.
18. Fargo KN, Carrillo MC, Weiner MW, Potter WZ, Khachaturian Z. The

crisis in recruitment for clinical trials in Alzheimer’s and dementia: an

action plan for solutions. Alzheimers Dement. 2016;12(11):1113-1115.
19. Shin J, Doraiswamy PM. Underrepresentation of African-Americans

in Alzheimer’s trials: a call for affirmative action. Front Aging Neurosci.
2016;8:123.

20. Zhou Y, Elashoff D, Kremen S, Teng E, Karlawish J, Grill JD. African

Americans are less likely to enroll in preclinical Alzheimer’s disease

clinical trials. Alzheimers Dement. 2017;3(1):57-64.
21. Boise L, Hinton L, Rosen HJ, et al. Willingness to be a brain donor: a

surveyof researchvolunteers from four racial/ethnic groups.Alzheimer
Dis Assoc Disord. 2017;31(2):135.

22. Grill JD, Kwon J, Teylan MA, et al. Retention of Alzheimer disease

research participants.Alzheimer Dis Assoc Disord. 2019;33(4):299-306.
23. Kennedy RE, Cutter GR, Wang G, Schneider LS. Challenging assump-

tions about African American participation in Alzheimer disease trials.

Am J Geriatr Psychiatry. 2017;25(10):1150-1159.
24. Bardach SH, Jicha GA, Karanth S, Zhang X, Abner EL. Genetic sam-

ple provision amongNational Alzheimer’s CoordinatingCenter partic-

ipants. J Alzheimers Dis. 2019;69:123-133.
25. Bilbrey AC, Humber MB, Plowey ED, et al. The impact of latino val-

ues and cultural beliefs on brain donation: results of a pilot study

to develop culturally appropriate materials and methods to increase

rates of brain donation in this under-studied patient group. Clin Geron-
tol. 2018;41(3):237-248.

26. Moulder KL, Monsell SE, Beekly D, et al. Factors influencing lum-

bar puncture participation in Alzheimer’s research.Alzheimers Dement.
2015;11(7):P780.

27. Blazel MM, Lazar KK, Van Hulle CA, et al. Factors associated with

lumbar puncture participation in Alzheimer’s disease research. J
Alzheimers Dis. 2020(Preprint):1-9.

28. Ashford MT, Eichenbaum J, Williams T, et al. Effects of sex, race, eth-

nicity, and education on online aging research participation.Alzheimers
Dement. 2020;6(1):e12028.

29. U.S. Census Bureau. Population 60 years and over in theUnited States,

2019 American Community Survet 1-Year Estimates Subject Tables.

30. Team RC. R: language and environment for statistical computing. R
Foundation for Statistical Computing. 2017.

31. Vyas MV, Raval PK, Watt JA, Tang-Wai DF. Representation of ethnic

groups in dementia trials: systematic review andmeta-analysis. J Neu-
rol Sci. 2018;394:107-111.

32. George S, DuranN, Norris K. A systematic review of barriers and facil-

itators to minority research participation among African Americans,

Latinos, Asian Americans, and Pacific Islanders. Am J Public Health.
2014;104(2):e16.

33. Birkenbihl C, Salimi Y, Domingo-Fernándéz D, et al. Evaluat-

ing the Alzheimer’s disease data landscape. Alzheimers Dement.
2020;6(1):e12102.

34. Ward B, Schiller J. Prevalence of multiple chronic conditions among

us adults: estimates from the National Health Interview Survey. Prev
Chronic Dis. 2010;10:E65.

35. Rollin-Sillaire A, Breuilh L, Salleron J, et al. Reasons that prevent the

inclusion of Alzheimer’s disease patients in clinical trials.Br J Clin Phar-
macol. 2013;75(4):1089-1097.

36. Schneider LS,Olin JT, Lyness SA,ChuiHC. Eligibility ofAlzheimer’s dis-

ease clinic patients for clinical trials. J Am Geriatr Soc. 1997;45(8):923-
928.

37. Treves TA, Verchovsky R, Klimovitsky S, Korczyn A. Recruitment rate

to drug trials for dementia of the Alzheimer type. Alzheimer Dis Assoc
Disord. 2000;14(4):209-211.

38. Adler NE, Ostrove JM. Socioeconomic status and health: what we

know andwhat we don’t. Ann N Y Acad Sci. 1999;896(1):3-15.
39. Stern Y. Cognitive reserve and Alzheimer disease. Alzheimer Dis Assoc

Disord 2006;20:S69.
40. SanoM, Zhu CW, Aloysi A, et al. Amyloid imaging for cognitive studies

in cohorts with racial and ethnic diversity: neuroimaging/imaging and

genetics. Alzheimers Dement. 2020;16:e038672.
41. Filshtein TJ, Dugger BN, Jin L-W, et al. Neuropathological diagnoses of

demented Hispanic, Black, and non-HispanicWhite decedents seen at

an Alzheimer’s disease center. J Alzheimers Dis. 2019;68(1):145-158.
42. Rivera Mindt M, Byrd D, Saez P, Manly J. Increasing culturally compe-

tent neuropsychological services for ethnicminority populations: a call

to action. Clin Neuropsychol. 2010;24(3):429-453.
43. Rivera Mindt M, Marquine MJ, Aghvinian M, et al. The Neuropsy-

chological Norms for the US-Mexico Border Region in Spanish

(NP-NUMBRS) Project: overview and considerations for life span

research and evidence-based practice. Clin Neuropsychol. 2021;35(2):
466-480.

How to cite this article: AshfordMT, Raman R,Miller G, et al.

Screening and enrollment of underrepresented ethnocultural

and educational populations in the Alzheimer’s Disease

Neuroimaging Initiative (ADNI). Alzheimer’s Dement.

2022;1-11. https://doi.org/10.1002/alz.12640

http://doi.org/10.1016/j.neubiorev.2019.03.020
http://doi.org/10.1016/j.neubiorev.2019.03.020
https://doi.org/10.1002/alz.12640

	Screening and enrollment of underrepresented ethnocultural and educational populations in the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Sample
	2.2 | Screening metrics
	2.3 | Enrollment metrics
	2.4 | US Census
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Screening
	3.2 | Enrollment
	3.2.1 | Enrolled sample characteristics


	4 | DISCUSSION
	4.1 | Screening and enrollment of ethnocultural populations
	4.2 | Screening and enrollment by educational attainment
	4.3 | Screen fails of ethnocultural populations
	4.4 | Screen fails by educational attainment
	4.5 | Amyloid status
	4.6 | ADNI Diversity Taskforce
	4.7 | Limitations

	5 | CONCLUSION
	ACKNOWLEDGMENT
	CONFLICTS OF INTEREST
	REFERENCES


