
UDSNB 3.0 Neuropsychological Test Norms in Older Adults from 
a Diverse Community: Results from the Einstein Aging Study 
(EAS)

Cuiling Wanga,b,*, Mindy J. Katzb, Katherine H. Changc,d, Jiyue Qina, Richard B. Liptona,b,e, 
Jessica L. Zwerlingb, Martin J. Sliwinskig, Carol A. Derbya,b, Laura A. Rabinb,d,f

aDepartment of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, 
NY, USA

bSaul R. Korey Department of Neurology, Albert Einstein College of Medicine, Bronx, NY, USA

cDepartment of Psychology, Queens College, City University of New York (CUNY), Queens, NY, 
USA

dDepartment of Psychology, The Graduate Center, City University of New York (CUNY), New 
York, NY, USA

eDepartment of Psychiatry and Behavioral Medicine, Albert Einstein College of Medicine, Bronx, 
NY, USA

fDepartment of Psychology, Brooklyn College, City University of New York (CUNY), Brooklyn, NY, 
USA

gDepartment of Human Development and Family Studies, Pennsylvania State University, 
University Park, PA, USA

Abstract

Background: The Uniform Data Set, Version 3 Neuropsychological Battery (UDSNB3.0), 

from the database of the University of Washington’s National Alzheimer’s Coordinating Center 

(NACC), is widely used to characterize cognitive performance in clinical and research settings; 

however, norms for underrepresented community-based samples are scarce.

Objective: We compared UDSNB 3.0 test scores between the Einstein Aging Study (EAS), 

composed of racially/ethnically diverse, community-dwelling older adults aged ≥ 70 and the 

NACC, and report normative data from the EAS.

Methods: Analyses included 225 cognitively normal EAS participants and comparable data from 

5,031 NACC database participants. Linear regression models compared performance between the 

samples, adjusting for demographics (sex, age, education, race/ethnicity), depressive symptoms, 

and whether English was the first language. Linear regression models to examine demographic 
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factors including age, sex, education and race/ethnicity as predictors for the neuropsychological 

tests were applied in EAS and NACC separately and were used to create a demographically 

adjusted z-score calculator.

Results: Cognitive performance across all domains was worse in the EAS than in the NACC, 

adjusting for age, sex, education, race/ethnicity, and depression, and the differences remained in 

visuo-construction, visuospatial memory, confrontation naming, visual attention/processing speed, 

and executive functioning after further adjusting for whether English was the first language. In 

both samples, non-Hispanic Whites outperformed non-Hispanic Blacks and more education was 

associated with better cognitive performance.

Conclusion: Differences observed in demographic, clinical, and cognitive characteristics 

between the community-based EAS sample and the nationwide NACC sample suggest that 

separate normative data that more accurately reflect non-clinic, community-based populations 

should be established.
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INTRODUCTION

The original neuropsychological battery of the Uniform Data Set (UDSNB) was created 

by the National Institute on Aging Alzheimer Disease Centers Clinical Task Force in 2005 

for the assessment of cognitive performance in dementia and mild cognitive impairment 

due to Alzheimer’s disease and related disorders [1]. The primary goals were to develop 

a standard battery for the collection of longitudinal data and to encourage collaboration 

across Alzheimer Disease Research Centers (ADRCs) for consistent characterization of 

participants as having normal cognition, mild cognitive impairment, or dementia [2]. In 

2015, the neuropsychological battery was updated to a third version (UDSNB 3.0) with 

the intent to reduce practice effects, replace earlier measures with nonproprietary or newly 

developed ones, expand the assessment to neurocognitive domains not previously targeted, 

and maintain longitudinal continuity with previous datasets [3]. The UDSNB 3.0 is freely 

available for research purposes to support consistent and systematic data collection [3], with 

data maintained at the National Alzheimer’s Coordinating Center (NACC) [4].

The UDSNB 3.0 consists of eight tests that measure global cognition and specific domains 

(i.e., memory, language, visuospatial/visuo-constructional skills, and attention/working 

memory/executive attention) [3]. Since its update, a substantial amount of work has been 

done to support the widespread use of the UDSNB 3.0 including publishing normative data 

for > 3500 cognitively intact older adults [3] and using normative data to create additional 

indices and derived measures relevant for clinicians and researchers (i.e., trail-making 

and verbal fluency discrepancy scores, memory retention indices, and an error index) [5]. 

Recently, Sachs et al. [6] expanded the UDSNB 3.0 normative data to include race/ethnicity-

adjusted norms for Black/African-Americans and Whites.
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Demographic variables, such as age, sex, and education are widely known to impact 

neuropsychological performance and are commonly adjusted for in the normative data for 

many tests [7, 8]. Older age and fewer years of education are consistently associated with 

poorer performance [8–10], while sex differences vary depending on the cognitive domain 

being measured [11–14]. Racial/ethnic minorities tend to demonstrate worse performance 

across multiple cognitive domains [15–22]; subsequently, one approach is to use normative 

data for separate racial/ethnic groups, as is commonly done with other demographic 

variables [23–25]. Race/ethnicity is thought to be a proxy for social factors that affect 

test performance such as quality of early education, acculturation, and health environments 

[26–29].

Currently available normative data for the UDSNB 3.0 have several strengths. They include 

a large national sample, race-adjusted scores, and a user-friendly calculator to derive 

demographically-adjusted scores [3, 6]. However, there are also several drawbacks. The 

current normative standards predominately utilize data from ADRCs [3, 6], and these 

data may not be representative of the overall population of older adults in the U.S. [30–

32]. Participants from memory clinics tend to be relatively healthier, more functionally 

independent in activities of daily living, and better-educated [33–35]. In addition, despite 

the documented impact of native language status on neuropsychological test performance 

[29, 36, 37] and the fact that 21% of the U.S. population speaks a language other than 

English at home [38], this variable has yet to be explored within the UDSNB 3.0. Because 

of the increasing popularity of the UDSNB 3.0, it is of vital importance to increase 

representativeness in the normative sample to avoid misdiagnosis and to improve the 

applicability and generalizability for diverse, community-based populations. In the current 

study, we report the demographic and clinical characteristics of a community-based cohort 

and that of the NACC. We compare cognitive performance in the previously reported 

UDSNB 3.0 normative data with those derived from the Einstein Aging Study (EAS) 

[39, 40], which enrolls and tests a systematically-recruited, community-residing, racially/

ethnically diverse cohort of older adults from the Bronx, NY. We present neuropsychological 

norms, adjusted for age, sex, education, and race/ethnicity from this non-clinic-based cohort 

of cognitively-normal older adults.

METHODS

Participants

Analyses were based on data from the current EAS cohort and from the UDSNB 3.0 

data submitted to NACC by participating ADRCs. The EAS is a longitudinal study of 

community-residing individuals, aged 70 and older, in the Bronx, New York, a racially and 

ethnically diverse urban setting [39]. Since 2004, EAS participants have been recruited 

systematically using Bronx County Voter Registration lists. Individuals were mailed 

introductory letters and were phoned 7–10 days after to complete a telephone screening and 

determine study eligibility. Those who met preliminary eligibility criteria were invited for 

further in-person evaluations. Participants were aged 70 years or older, non-institutionalized, 

ambulatory, and English speaking. Exclusion criteria included severe audiovisual, physical 

impairments or active psychiatric symptomatology, which interfered with the ability 
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to complete assessments. The study was approved by the local IRB and participants 

provided written informed consent at baseline assessment. In-person assessments were 

conducted annually and included neurological and neuropsychological examinations, 

supplemental neuropsychological instruments, and ascertainment of demographics and 

clinical characteristics. In May 2017, the EAS added the UDSNB 3.0 to the in-person 

assessment battery. The analyses presented are based on the first administration of the 

UDSNB 3.0 for 225 EAS participants (46% non-Hispanic White, 39% non-Hispanic Black, 

14% Hispanic), who had a global score of 0 (“normal cognition)” on the CDR® Dementia 

Staging Instrument (CDR®) [41] at the time of evaluation (May 2017 to December 2019).

The analyses presented were also based on UDSNB 3.0 data of 5,031 participants aged 70 

years or older who had a global CDR® score of 0 in NACC from participating ADRCs 

between March 2015 and May 2019. While CDR of 0 was required, participants were not 

excluded based on low cognitive scores to avoid circularity, as was done in Sachs et al. [6]. 

Self- and co-participant reported subject health history was assessed only at the participants’ 

initial UDS Version 3 visit. The sample sizes ranged from 3,864 to 5,026 depending on the 

specific UDSNB 3.0 test.

Cognitive tests for the UDSNB 3.0

A full description of the UDSNB 3.0 tests can be found in Weintraub et al. [3]. The 

core battery of cognitive tasks covers relevant domains for common neurodegenerative 

conditions. Briefly, the MoCA [42] is a measure of overall cognitive function and 

assesses aspects of memory, executive function, attention, concentration, language, abstract 

reasoning, and orientation, with a maximum score of 30. The Craft Story (version 21) [43] 

evaluates verbal episodic memory by reading a paragraph out loud to a participant and 

separately scoring the number of verbatim and paraphrase units recalled immediately and 

following a 30 min delay period. The 32-item Multilingual Naming Test (MINT) [44] is a 

test of confrontation naming, requiring oral naming of line drawings. Letter and category 

fluency are assessed, respectively, by having participants generate words beginning with 

a specified letter (Letter “F” and “L”) or a category (Animals and Vegetables), each in 

1 min. The Benson Complex Figure [45] assesses visuo-constructional ability by having 

the participant copy a complex geometric figure, followed by assessing memory by recall 

of the design after 10 to 15 min. Number Span evaluates simple attention and involves 

reading a string of numbers aloud to the participant and asking for verbatim recall (Forward 

Condition) or working memory via recall string of numbers in reverse order (Backward 

Condition). Trail Making Test Part A measures visual attention/speed of processing and 

requires the participant to connect numbers in a sequential ascending fashion. The more 

complex Trail Making Test Part B, considered to be a measure of executive functioning, 

adds a task switching element, and requires the participant to connect numbers and letters in 

sequential ascending fashion alternating between numbers and letters.

Demographic and clinical characteristics

Demographic information from the EAS and NACC included self-reported race/ethnicity 

as defined by the U.S. Census Bureau in 1994 (re-categorized to: non-Hispanic White, 

non-Hispanic Black, all others—White Hispanics, Black Hispanics, Asians, and multiracial), 
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number of years of education, sex, and age. The NACC classification system (see 

naccdata.org) uses categories consistent with this re-categorization. Extended demographic 

information included marital status (married versus others), native language status (whether 

English was the participant’s first language), and whether the individual lived alone. 

Body mass index (BMI), measured in kg/m2 and calculated based on height and weight 

measurements, was used as a measure of obesity. The Geriatric Depression Scale (GDS, 

short form) was used to screen for depressive symptoms (range 0–15) [46]. Subject health 

history of hypertension and diabetes, available only at the initial UDS Version 3 visit in 

NACC, were also considered.

Data analysis

Baseline demographic, clinical characteristics and UDSNB 3.0 cognitive performance in 

the EAS and NACC were summarized and compared using the Wilcoxon Rank Sum tests 

for continuous variables and Chi-square or Fischer’s exact test for categorical variables. 

We applied multiple linear regression models to compare the neuropsychological tests 

between the EAS and NACC samples adjusting for age (continuous), sex and education 

(continuous) (Model 1), and further adjusting for race/ethnicity (non-Hispanic White, non-

Hispanic Black, and others, Model 2). To examine whether native language status and 

depressive symptoms confound the differences between the EAS and the NACC, English 

as first language (Model 3) and then GDS score were also added (Model 4). Multiple 

linear regression models were used to estimate the effect of age, sex, education, and race/

ethnicity on each of the cognitive tests in the EAS and the NACC separately. Results 

were compared in the two samples using z-tests. A normative calculator for obtaining 

demographically adjusted z-scores based on the diverse community sample of EAS was 

also provided. Response times for the Trail Making Test (Parts A and B) were skewed 

and log-transformations were used in the sensitivity analysis, which did not change the 

conclusions. Therefore, the original variables were used in the reported results. All analyses 

were performed using SAS statistical software version 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

Table 1A shows the demographic and clinical characteristics for the EAS and NACC 

samples. The groups did not differ by age (EAS: 78.0±5.0 years versus NACC: 77.9±6.2 

years, p = 0.152) or sex (% woman 68% versus 65%, p = 0.414), but the EAS sample had 

significantly less education (15.4±3.3 years versus 16.1±2.9 years, p < 0.0001) and was 

more racially diverse than the NACC sample (46% non-Hispanic White, 39% non-Hispanic 

Black, 14% Hispanic, and 1% other race/ethnicity in EAS versus 76% non-Hispanic White, 

15% non-Hispanic Black, 6% Hispanic, and 3% other race/ethnicity in NACC, p < 0.0001). 

A higher proportion of EAS participants reported living alone (% live alone 50% versus 

37%, p = 0.0003) and were not married (% married 38% versus 53%, p < 0.0001). The 

EAS sample also endorsed more depressive symptoms (GDS 1.8±1.4 versus 1.2±1.7, p < 

0.0001), had higher BMI (28.9±5.2 versus 27.2±5.2, p < 0.0001), and had a lower proportion 

with English as the first language (80% versus 95%, p < 0.0001). EAS participants had 

significantly more medical comorbidities as measured by history of hypertension (68% 

versus 50%, p < 0.0001) and diabetes (22% versus 12%, p < 0.0001) (at initial visit 
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of NACC). Table 1B shows the breakdown of demographic and clinical characteristics 

in groups stratified by race/ethnicity (non-Hispanic White, non-Hispanic Black, and all 

other race/ethnicity). The differences in depressive symptoms, native language status, and 

comorbidity between the EAS and NACC hold within each of the racial/ethnic groups.

Table 2 summarizes the UDSNB 3.0 test battery for the EAS and NACC samples. Generally, 

the overall performance in the EAS sample was worse than that of the NACC. Table 

3 shows the estimates of mean differences in cognitive performance in the EAS versus 

NACC adjusting for demographics, native language status, and depressive symptoms. When 

adjusting for sex, age, and education (Model 1), the EAS sample had worse performance 

on measures of global cognition (MoCA), episodic memory (Craft Story 21), visuospatial 

skills (Benson Complex Figure Copy and Recall), attention (Number Span Forward and 

Backward), confrontation naming, L-word letter fluency, category fluency, visual attention/

processing speed (Trail Making Test Part A), and executive functioning (Trail Making Test 

Part B). When adjusting further for race/ethnicity (Model 2), the differences between EAS 

and NACC performance persisted; non-Hispanic Blacks performed worse than non-Hispanic 

Whites across all tests, and other races/ethnicities also performed worse than non-Hispanic 

Whites across all tests except Benson Complex Figure Recall. Model 3 further adjusted 

for whether English is the first language spoken. Having English as the first language was 

associated with better cognitive performance in all tests except in the visuo-construction 

and visuospatial memory domain (Benson Complex Figure Copy and Recall), and the 

differences between the EAS and NACC samples in global cognition (MoCA), attention 

(Number Span Forward and Backward), and letter fluency were no longer significant. 

Finally, upon further adjusting for depressive symptoms (Model 4: Model 3 + GDS), a 

greater number of depressive symptoms (higher GDS score) was associated with worse 

cognitive performance, but conclusions about the comparisons between the EAS and NACC 

samples remained the same. This was also observed when GDS alone was added to Model 

2 (not shown). Interestingly, the EAS sample performance in paraphrased measures of Craft 

Story 21 and F-word letter fluency was better than in the NACC sample after adjusting for 

race/ethnicity (Model 2) and became stronger and significantly better after further adjusting 

for whether English is the first language spoken (Model 3) and depressive symptoms in 

addition (Model 4). EAS sample performance was still worse, however, when compared to 

NACC on other measures including visuo-construction and visuospatial memory (Benson 

Complex Figure Copy and Recall), confrontation naming, visual attention/processing speed 

(Trail Making Test Part A), and executive functioning (Trail Making Test Part B). Further 

adjusting for obesity, subject report history of hypertension and diabetes did not change the 

findings (not shown). Since the proportion of those who spoke English as the first language 

was much lower in the ‘all other race/ethnicity’ category, we applied linear regression model 

adjusting for demographics and GDS (Model 2 + GDS), restricting it to participants with 

English as the first language and who were non-Hispanic Whites or non-Hispanic Blacks 

(not shown). The results remained similar to that found for Model 4 from the whole samples.

The differences between the EAS and NACC suggest that separate demographic adjusted 

norms are needed in the EAS. For this purpose, all the other race/ethnicity category was 

excluded due to its small sample size. Tables 4A and 4B shows results from multiple linear 

regression models for the outcome of specific UDSNB 3.0 neuropsychological tests using 
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sex, age, education, and race/ethnicity (non-Hispanic Black versus non-Hispanic White) as 

predictors in the EAS (Table 4A) and in the NACC (Table 4B) as a comparison. In both 

the EAS and NACC samples, higher education was associated with better performance in 

the UDSNB 3.0. There were generally no strong associations of UDSNB 3.0 performance 

with age and sex within the EAS, though we recognize that power for detecting associations 

is lower in the EAS due to the smaller sample size. In contrast, older age was associated 

with worse cognitive performance in the NACC. Non-Hispanic Blacks generally performed 

worse than non-Hispanic Whites in global cognition (MoCA), episodic memory (Craft Story 

21 delayed), visuospatial skills (Benson Complex Figure Copy), attention (Number Span 

Backward), letter fluency, category fluency (Animals), visual attention/processing speed 

(Trail Making Test Part A), and executive functioning (Trail Making Test Part B) in EAS, 

and across all cognitive domains in NACC. A normative calculator based on these results 

for obtaining demographic adjusted z-scores is described in the Supplementary Material and 

provided on the EAS website. This calculator is an example of how representative norms can 

be applied.

DISCUSSION

The current study derived normative data for the UDSNB 3.0 for cognitively-normal, 

community-dwelling racially/ethnically-diverse older adults from the Bronx, NY (EAS 

sample) and compared these data to recently updated NACC data on the same test battery 

[6]. Although recently published normative data for the UDSNB 3.0 included 15% non-

Hispanic Black-Americans [6], participants were generally well-educated, spoke English 

as their first language, and were from specialized memory clinics—with fewer endorsed 

depressive symptoms and comorbid health conditions; thus, these individuals may not be 

directly comparable to EAS participants. Indeed, after controlling for sex, age, education, 

race/ethnicity and depressive symptoms, EAS participants performed significantly worse 

than NACC participants across measures of executive function, visual attention/processing 

speed, category fluency, simple attention and working memory, and naming, as well as 

global cognition. When further adjusting for native language status (i.e., English as a 

first language), the discrepancy between EAS and NACC scores remained significant on 

tests of visual-construction, visuospatial memory, language (naming and category fluency), 

visual attention/processing speed, and executive functioning. This motivated us to develop 

demographic-adjusted norms separately for the EAS. Using EAS norms, as expected, the 

percentages of low performance using commonly used cutoffs (e.g., at least 1, 1.5 or 2 

SD below the demographic-adjusted mean) in 191 cognitively normal, non-Hispanic White 

or non-Hispanic Black EAS participants, were all within the expected range (i.e., within 

95% CI of the expected level). However, when using NACC norms, the percentages of 

low performance were exceptionally high (beyond the expected upper limit) on several 

domains including naming, visual attention/processing speed, and executive functioning 

(ranges 26%–30%, 18–20%, 14–17% using 1, 1.5, and 2 SD below the mean, respectively). 

This may lead to misclassification of cognitive impairment within the EAS.

These results are important for several reasons. Our findings highlight that ADRC cohorts 

may not be representative of our non-clinic, community-based sample from the Bronx, 

even when norms are provided for individuals with “normal cognition.” Specifically, in the 

Wang et al. Page 7

J Alzheimers Dis. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



present study, the EAS sample had lower educational attainment, was more racially diverse, 

and had a higher proportion of individuals with medical comorbidities (e.g., hypertension, 

diabetes), as compared to the NACC sample [6]. In addition, compared to the NACC sample, 

EAS participants had higher GDS scores, higher BMI, a higher proportion of individuals 

living alone, and lower proportions of individuals who were married or native English 

speakers. Of note, the EAS recruits reside in the Bronx, NY. The Bronx has the most diverse 

U.S.-born older adult population in New York and includes some of the poorest urban 

congressional districts in the country, with some of the poorest health metrics, including 

high rates of diabetes, obesity, heart disease, asthma, and HIV/AIDS [47–49]. Previous 

research documents the effects of native language status, childhood and adult socioeconomic 

status, and cardiovascular risk factors [29, 50–52] on cognitive function in older adults 

and these factors may contribute to worse lifetime performance in this study. Adjusting 

for education did not eliminate differences in the norms sampled, suggesting that years 

of education may not be the best indicator of quality of education. Measures such as the 

Wide Range Achievement Test [53] may provide an indicator that equalizes education across 

different state and local systems.

Our results also corroborate previous research examining the impact of native language 

on neuropsychological test performance. The EAS sample had a higher proportion of 

non-native English speakers than the NACC, and after adjusting for English as the first 

language, there were no differences between samples on measures of global cognition, 

simple attention and working memory, and letter fluency. Of note, these measures rely 

upon both receptive and expressive language skills, which may be more cognitively taxing 

for non-native English speakers. This is consistent with findings from Boone et al. [29] 

and Kisser et al. [36], who found that non-native English speakers have significantly 

worse performance on neuropsychological measures that require language processing (i.e., 

tests of language and attention). Taken together, our findings call attention to possible 

limitations to generalizability of current UDSNB 3.0 normative data. Differences observed 

in demographic, clinical, and cognitive characteristics between the community-based EAS 

sample and the nationwide NACC sample suggest that separate normative data that more 

accurately reflect community-based populations need to be established. Multiple studies 

provide a clear illustration of the danger of using norms from a demographically dissimilar 

group to interpret neuropsychological test data [54, 55] including diagnostic errors, 

unnecessary referral for additional assessment, inappropriate treatment, and the associated 

burden on health care, and unwarranted emotional distress on individuals and their families.

In cross-national neuropsychology where neuropsychological measures developed in the 

United States are translated or adapted for other countries, local norms are commonly 

created and used [56–58]. Within the U.S., there are challenges in norms development. 

These include small sample sizes, differences in defining the normative sample due to 

inclusion and exclusion criteria, and potential selection bias in recruitment [59]. These 

factors contribute to a call for action to develop representative norms [7, 60] to promote 

diagnostic accuracy in the interim, while large-scale wholly representative norms are still in 

development.
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Several study limitations warrant mention. The sample size of EAS was modest and 

additional studies in larger samples are needed. While we gathered our own normative data 

to address the gap in representativeness of the NACC sample, large-population normative 

data is still preferable, provided it has appropriately similar demographics for a given 

individual. Of note, the EAS is ongoing and more data will be available in the future. Also, 

it is possible that some participants, classified as “cognitively normal” using the CDR® 

criteria, may be at the earliest stages of cognitive impairment. Consistent with Sachs et al. 

[6], participants were not excluded due to clinical diagnoses based on neuropsychological 

test information (e.g., DSM criteria) or low scores on neuropsychological tests (i.e., MoCA). 

We believe this is the most practical approach to prevent circularity of examining tests 

scores and clinical impressions, with the understanding we may introduce bias due to 

regional variation in rates of cognitive impairment/dementia.

Overall, we expanded currently available UDSNB 3.0 normative data for the racially/

ethnically diverse older community-dwelling cohort of the Bronx, NY and compared it 

to the NACC sample. The findings call attention to the importance and applicability of 

representative norms for the UDSNB 3.0. Researchers and clinicians might seek to gather 

their own normative data to accurately reflect the demographics (i.e., racial/ethnic minority 

groups, lower educational attainment, comorbid health status, native English speaking) of 

the communities they serve. Through this effort and with the increasing popularity of the 

freely available UDSNB 3.0, more normative data from diverse community-based studies 

can be shared to promote diagnostic accuracy in age-related cognitive disorders and to be 

consistent with research priorities to include under-represented groups in ADRD research 

[61, 62].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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