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Abstract

INTRODUCTION: Understanding how a research sample compares to the population

from which it is drawn can help inform future recruitment planning. We compared

the Wisconsin Alzheimer’s Disease Research Center (WADRC) participant sample to

the Wisconsin state population (WI-pop) on key demographic, social exposome, and

vascular risk measures.

METHODS: TheWADRC sample included 930 participants. Population statistics were

estimated using several national and state data sources.We comparedWADRC toWI-

pop for two age groups, 45–64 years and≥65 years, separately.
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RESULTS: Compared to WI-pop, WADRC participants were older and included more

women, more Black and American Indian individuals, and fewer Hispanic and Asian

individuals. WADRC participants had higher levels of educational attainment, con-

sisted of smaller proportions living in rural areas and disadvantaged neighborhoods,

and showed lower vascular risks. Greater differences between WADRC and WI-pop

were found for most metrics in the≥65 group compared to the 45–64 group.

DISCUSSION: The findings revealed opportunities to increase enrollment from the

Hispanic/Latino and Asian American populations, to include participants from a

broader range of educational backgrounds, and to enroll more residents from rural

areas and disadvantaged neighborhoods, which may lead to a broader distribution of

cardiovascular risk factors. Expanding sociodemographic and health profiles repre-

sented in theparticipant candidatepool for study selectionand including thosewhoare

underrepresented in research may potentially reduce selection bias but not eliminate

it. Statistical approaches can be applied to address bias and generalize findings from a

study sample to its target population by adjusting for their differences in the joint dis-

tribution of covariates. Although research centers have different regional populations

and specific recruitment focuses for scientific reasons, evaluating their participant

characteristics may help plan engagement efforts to improve the inclusion of under-

represented groups and collaboratively support generalizable research nationwide.

KEYWORDS

Alzheimer’s Disease Research Center, Asian American, Black/African American, American Indian,
education, Hispanic/Latino, neighborhood disadvantage, population statistics, recruitment,
research disparities, rural residence, sample representativeness, social exposome, underrepre-
sented racial/ethnic groups, vascular risks,Wisconsin

Highlights

∙ We compared the characteristics of Wisconsin Alzheimer’s Disease Research

Center (WADRC) participants with theWisconsin population.

∙ Metrics of comparison included demographics, social exposomes, and vascular risks.

∙ WADRC participants are different from theWisconsin population.

∙ Weexplored the implications and causes of the differences.

∙ Wediscussed strategies for engaging and recruiting underrepresented groups.

1 BACKGROUND

Seven million Americans are living with Alzheimer’s disease (AD) and

related dementias (ADRD), and this number will double by 2050.1–3 To

fight against this public health crisis, the National Institute on Aging

(NIA) funds the Alzheimer’s Disease Research Centers (ADRCs) across

the United States, including 34 established centers, one exploratory

center, and more centers to launch in the future. All centers carry out

research with the goal of translating research advances into improved

diagnosis and care as well as finding ways to treat and prevent demen-

tia. Research participants are generally recruited from the region

where each center is located and longitudinally followed to collect

clinical data, brain images, and/or biofluid samples. These collected

resources are submitted to the National Alzheimer’s Coordinating

Center (NACC) and often to additional multicenter research consor-

tia and/or national repositories (Table 1) to be shared for research use.

Such cross-center collaborations using standardized data collections

maximize the eligible sample size required by a study, save resources,

and share expertise, and thus have become a major trend in ADRD

research.

The Wisconsin Alzheimer’s Disease Research Center (WADRC)

is one of the NIA-funded ADRCs. Since its inception in 2009, the

center has enrolled 1134 participants 45 years of age and older

with clinical diagnoses of cognitively unimpaired (CU), mild cognitive

impairment (MCI), AD, or dementia due to AD and/or non-AD pathol-

ogy. Participants are mainly recruited from the state of Wisconsin

(WI), including 87.2% WI residents and 12.8% from 25 other states

(mostly neighboring states and/or states where WI residents have
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relocated). Multimodal data, image scans, antemortem biospecimens,

and postmortem brain tissues are collected and broadly shared

through participation in many multicenter studies and national repos-

itories (Table 1). The utilization of the center resources has resulted

in more than 1000 scientific publications, highlighting the important

contribution by theWADRC participants to ADRD research.

A recent study showed that the NACC data which include all par-

ticipants from every ADRC, are not representative of the national

population in terms of sociodemographic characteristics and health

risk profiles.4 Another study found that Black and Latino populations

are underrepresented in the Alzheimer’s Disease Neuroimaging Ini-

tiative (ADNI) data.2 A third study reviewed 101 AD drug trials and

concluded that some commonly adopted eligibility criteria for enroll-

ment have limited the inclusion of individuals from underrepresented

racial groups, and individuals with low English fluency, less education,

or comorbid conditions.5 Likely, non-representativeness of the partic-

ipant sample has been a prevalent issue in many other multicenter

studies and national repositories, given that the individuals included

are a subset of the NACC/ADRC participants or are also based on vol-

unteer enrollment. The lack of sample representativeness limits the

generalizability of research findings on the disease onset, progression,

and pathology to under- and unrepresented populations4,6,7 and raises

questions about the safety and efficacy of the interventions and treat-

ments developed and recommended based on such findings.5,7,8 Reme-

dying this issuewill require the combined effort of all research centers.

If each ADRC works to increase enrollment from groups who are

underrepresented in their participant sample compared to the regional

population fromwhich they recruit, the aggregatedmulticenter partici-

pant samples and data repositorieswill bemore representative nation-

wide, supporting inclusive and generalizable research in the field.

To understand how similar or different the WADRC participants

are relative to the regional population and to identify gaps in enroll-

ment from the underrepresented groups, we compared the WADRC

participant sample to the Wisconsin state population (WI-pop) on key

demographics, social exposomes (the social environmentwhere people

live), and vascular risks. These factors are associated with ADRD9–16

and serve as important health disparity metrics. Because dementia

risk is significantly elevated in adults 65 years or older,1,3 comparisons

were performed for two age groups, 45–64 years and ≥65 years, sep-

arately. The study does not aim to achieve a proportional distribution

of theWADRC sample equal to the distribution in the state population.

Rather, our goal is to support future recruitment that expands sociode-

mographic and health profiles represented in the sample, increasing

the participation of groups that are underrepresented in research and

allowing them to benefit from research findings.

2 METHODS

2.1 WADRC participants

WADRC participants are recruited from multiple sources (Table A1).

Adults 45 years of age and older with decisional capacity and English

RESEARCH INCONTEXT

1. Systematic review: We conducted a literature review

using PubMed and identified several studies that

evaluated the sample representativeness of national

databases or multicenter studies on Alzheimer’s disease

and related dementias (ADRD). However, we did not find

any study that compared the sample characteristics of

an Alzheimer’s Disease Research Center (ADRC) to its

regional population, fromwhich the participants included

in the national databases were originally recruited.

2. Interpretation: We found that the Wisconsin ADRC par-

ticipants differed from the Wisconsin state population in

demographics, social exposomes, and vascular risks. We

explored the implications and causes of the differences

and discussed strategies for engaging and recruiting

groups who are underrepresented in research.

3. Future directions: Methodological development is

needed to guide further evaluation of joint distributions.

Comparing additional social determinants of health and

measures of health functions would offer more insights

to guide recruitment directions.

fluency were eligible for enrollment. Exclusion criteria included active

major medical or psychiatric illness (Supplementary Material) or lack

of a study partner. The present study included 930 WADRC partic-

ipants who have their primary address in Wisconsin and completed

their baseline visit by March 1, 2023. Of the 930 participants, 331

(35.6%) were from the younger group (45–64 years) and 599 (64.4%)

were from the older group (≥65 years). The sample diagnoses included

594 (63.9%) CU, 192 (20.7%) dementia, 108 (11.6%) MCI, and 36

(3.9%) impaired not MCI, with AD etiology contributing to most of the

dementia andMCI diagnoses (Table A2).

Participants self-reported sex, race, Hispanic ethnicity, and educa-

tion. Self-identified primary race was used for this study. Educational

attainment was classified into four levels: (1) did not graduate high

school, (2) high school graduate, (3) attended college but did not

receive a bachelor’s degree, and (4) received a bachelor’s or higher

degree.

Rural residence and neighborhood disadvantage were determined

using the participant’s current or most recent primary address, rep-

resenting the most up-to-date residence status and quality. Rural

residence was identified based on the Federal Office of Rural Health

Policy (FORHP) designation of rural zip codes acquired from the

Rural Health Information Hub (RHIhub). Neighborhood disadvantage

was measured using the 2020 area deprivation index (ADI) state

ranking provided by the University of Wisconsin (UW) Center for

Health Disparities Research (CHDR).17 ADI ranks the neighborhood

socioeconomic disadvantage at the state or national level based on

multiple social determinants of health constructs, including income,
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TABLE 1 Summary of major national databases and repositories, research consortia, multicenter studies, and clinical trials on ADRD and roles
of theWisconsin ADRC.

Acronym Full Name Role ofWADRC

NACC TheNational Alzheimer’s Coordinating Center Participating

NCRAD TheNational Centralized Repository for Alzheimer’s Disease and Related Dementia Participating

ADCFB The Alzheimer’s Disease Center Fluid Biomarkers Study Participating

NIAGADS TheNational Institute on Aging Genetics of Alzheimer’s Disease Data Storage Site Participating

ADSP The Alzheimer’s Disease Sequencing Project Consortia Participating

ADGC The Alzheimer’s Disease Genetics Consortium Participating

ADNI The Alzheimer’s Disease Neuroimaging Initiative Participating

SCAN The Standardized Centralized Alzheimer’s & Related Dementias Neuroimaging Initiative Participating

CLARiTI The ADRCConsortium for Clarity in ADRDResearch Through Imaging Leading

ARMADA The Advancing ReliableMeasurement in Alzheimer’s Disease Cognitive Aging Study Participating

VCog The Validation of a Video Adaptation of the UDSv3 Cognitive Battery (VCog) Participating

TheNeighborhoods Study TheNeighborhoods Study: Contextual Disadvantage and Alzheimer’s Disease and Related Dementias Leading

Diverse VCID TheDiverse Vascular Contributions to Cognitive Impairment andDementia Study Participating

ALLFTD The ARTFL-LEFFTDS Longitudinal Frontotemporal Lobar Degeneration Research study Not participating

PPMI The Parkinson’s ProgressionMarkers Initiative Not participating

DLBC TheDementia with Lewy Bodies Consortium Not participating

LEADS The Longitudinal Early-Onset AD Study (LEADS) Not participating

DIAN TheDominantly Inherited Alzheimer Network Not participating

ABC-DS The Alzheimer Biomarkers Consortium-Down Syndrome See notes

ACTC The Alzheimer’s Clinical Trials Consortium Participating

A4 The Anti-Amyloid Treatment in Asymptomatic AD Trial See notes

AHEAD3-45 The AHEAD3-45 Study See notes

APEX The AHEADPlasma Extension Study See notes

START The Synaptic Therapy Alzheimer’s Research Trial See notes

TRC-PAD The Trial Ready Cohort for the Prevention of Alzheimer’s Dementia See notes

LiBBY The Life’s End Benefits of Cannabidiol and Tetrahydrocannabinol Study Not participating

Clarity The Clarity Trial Not participating

ADCS The Alzheimer’s Disease Cooperative Study Participated

ATRI The Alzheimer’s Theraeutic Research Institute Participating

EXERT The BuildingMemory Through Exercise Trial Participating

PREVENTABLE The Pragmatic Evaluation of Events and Benefits of Lipid-lowering in Older Adults See notes

Notes. This summary is not a complete list. The role of “participating” refers to that the Wisconsin ADRC contributes data, biofluid samples, or image scans

to the national repositories, or theWisconsin ADRC participants who are eligible and interested voluntarily enroll in themulticenter studies or clinical trials.

Enrollment in the ABC-DS study is through the University of Wisconsin Waisman Center. Enrollment in the A4, AHEAD-345, APEX, START, and TRC-PAD

trials is through independent studies led by Dr. Cynthia Carlsson, an investigator at theWisconsin ADRC. Enrollment in the PREVENTABLE study is through

theMadison Veteran Affairs (VA)Medical Center.

Abbreviations: ADRC, Alzheimer’s Disease Research Center; ADRD, Alzheimer’s disease related dementias

education, employment, and housing quality measures. The state

ranking is in deciles ranging from 1 to 10, with “1” representing the

least disadvantaged 10% neighborhoods and “10” representing the

most disadvantaged 10% neighborhoods in a state.11,17

Participants had in-person or virtual baseline and annual or bien-

nial longitudinal follow-up visits. Blood pressure (BP), body mass index

(BMI), and total cholesterol were measured at in-person visits. The

presence of hypertension and diabetes was evaluated by the clinician

at both in-person and virtual visits based on a review of all available

information including new diagnoses during the current visit, previous

medical records, lab tests, medication use, and the clinical exam. Data

from themost recent visit were used for the study.

2.2 WI-pop

The WI-pop percentages on age group, sex, race, and Hispanic eth-

nicity were calculated based on the 2020 population count estimates
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provided by the Wisconsin Department of Health Services (DHS).

These population estimates were based on the U.S. Census Bureau’s

state age-by-sex, bridged-race, and ethnicity estimates and were

adjusted for county, sex, and age group totals. Bridged race is a

single-race variable derived from multiple-race reporting data using

the race-bridging method.18 It represents the race category that most

closely reflects an individual’s self-denoted racial identification, allow-

ing data collected from the multiple-race and single-race reporting

systems to be comparable.

The WI-pop percentages on educational attainment were esti-

mated based on the 2020 Behavioral Risk Factor Surveillance Sys-

tem (BRFSS) survey data.19 The BRFSS includes national telephone

surveys conducted by the Centers for Disease Control and Preven-

tion (CDC) regarding U.S. residents’ health-related risk behaviors,

chronic health conditions, and use of preventive services. The BRFSS

educational attainment includes the following four levels: (1) did

not graduate high school, (2) high school graduate, (3) attended

college or technical school, and (4) college or technical school

graduate.

The WI-pop percentages on rural residence were calculated using

the FORHP designation of rural census tracts based on the 2010 rural-

urban community area (RUCA) codes and the U.S. Census American

Community Survey (ACS)20 2006–2010 5-year population estimates.

The WI-pop percentages on ADI state rankings were calculated using

the 2020 ADI provided by CHDR17 and the ACS 2016–2020 5-year

population estimates.

TheWI-pop statistics on vascular risk factors were estimated based

on the corresponding age groups of the Survey of the Health of

Wisconsin (SHOW) Wave II (2014–2016) sample. SHOW includes

household-based examination surveys on representative samples of

the general Wisconsin residents’ population.21 BP, BMI, and total

cholesterol were measured at the survey visit. Hypertension was

defined as self-reporting current anti-hypertensive medication use,

havingmeasured systolicBP>140mmHg, orhavingmeasureddiastolic

BP >90 mmHg. Diabetes was defined by self-reporting ever being told

by a clinician to have type 1 or type 2 diabetes or having hemoglobin

A1c (HbA1c)≥6.5% determined at the visit.

2.3 Statistical analysis

Differences between the WADRC participants versus WI-pop were

tested for younger and older groups separately, using the one-sample

z-test for continuous variables (systolic BP, BMI, total cholesterol),

the one-sample Wilcoxon signed rank test for the ranking variable

(ADI), the exact binomial test for binary variables (sex, Hispanic eth-

nicity, rural residence, hypertension, diabetes), and the exact Monte

Carlo multinomial test for categorical variables with more than two

categories (race, education).22 The Benjamini–Hochberg false dis-

covery rate (FDR) correction method was applied to adjust for the

inflated type I error rate due to multiple testing.23 The WADRC

to WI-pop ratios were calculated to compare percentages for cat-

egorical variables and medians for ADI state ranking. The WADRC

versus WI-pop standardized differences in means were calculated for

continuous variables as the number of WI-pop standard deviations

(SDs). Because population statistic estimates were used as true pop-

ulation values without accounting for sampling variations in these

estimates, the interpretation of results was focused on the ratios

and standardized differences with minimal reference to statistical

significance.

3 RESULTS

Age: WI-pop had a right-skewed age distribution including more peo-

ple in the younger age groups, whereasWADRC had a left-skewed age

distribution including more people in the older age groups. Compared

to WI-pop, WADRC had a lower percentage in each 5-year age group

below60but a higher percentage in each age group above60, andwere

overall older thanWI-pop (Figure 1).

Sex: WADRC had a higher percentage of women than WI-pop for

both age groups. However, the difference in the older group was small

(Table 2; Figure 2).

Race: For both age groups,WADRChad lower percentages ofWhite

and Asian participants and much higher percentages of Black and

American Indian (AI) participants than WI-pop. The higher percent-

ages of Black andAI participants inWADRC compared toWI-popwere

greater in the older group than in the younger group, as indicated by

their ratios further above 1.

Hispanic ethnicity: In each age group,WADRC had a lower percent-

age of people with Hispanic ethnicity thanWI-pop.

Education: For both age groups, WADRC had higher levels of edu-

cational attainment than WI-pop, such that the percentage of college

graduates was more than doubled, with a greater difference observed

for the older group than the younger group.

Rural residence: In eachagegroup, thepercentageof rural residence

inWADRCwasabout half of that inWI-pop. This percentagedifference

was slightly greater in the older group than in the younger group.

Neighborhood disadvantage ADI state ranking: For each age group,

both WI-pop and WADRC showed a right-skewed distribution in ADI

state ranking, demonstrating fewer people living in more disadvan-

taged neighborhoods (i.e., neighborhoods with higher ADI rankings).

This skewness was slight for WI-pop but sharp for WADRC, such

that WADRC had higher percentages living in less disadvantaged

neighborhoods and lower percentages living in more disadvantaged

neighborhoods than WI-pop. WADRC also had a lower median ADI

ranking and less neighborhood disadvantage than WI-pop overall.

These findings were generally similar between the two age groups

(Figure 3).

Vascular risk factors: For both age groups and compared toWI-pop,

WADRCgenerally had lower vascular risks, as shownby lower percent-

ages of hypertension, diabetes, and lower average values in systolic BP,

BMI, and total cholesterol, except that WADRC had a slightly higher

percentage of diabetes than WI-pop in the younger group. The dif-

ferences between WADRC versus WI-pop were generally greater for

the older group than the younger group, as indicated by the ratios of
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F IGURE 1 Comparison of age distribution between theWisconsin ADRC participants versus theWI-pop of 45 years of age and older. ADRC,
Alzheimer’s Disease Research Center;WI-pop,Wisconsin state population.

percentages further below 1 and standardized differences of averages

further below zero (Table 2; Figures 2 & 4).

4 DISCUSSION

WADRC participants are older than the WI-pop, this is not surprising,

given that more than 30% of the participants have dementia or MCI,

and age is the leading risk factor for the disease.1 WADRC participants

also include a greater percentage of women than the state population,

which is consistent with the gender composition of all ADRCs found in

the NACC database.4

Black and AI populations are overrepresented in ADRD

prevalence10,16 and associated risk factors.24 Our center has invested

substantial effort in recruiting these two racial groups by apply-

ing the Community Engaged Research approaches25 and building

long-term relationships and trust with each community. Examples of

such efforts include (1) supporting community advisory boards and

shared decision-making to provide culturally competent guidance

on research; (2) Designing a variety of outreach and engagement

programs that benefit the community, such as healthy cooking and

nutrition lessons, fitness programs, computer classes, socialization

groups, and newsletters, among others; (3) organizing culturally

tailored community events that focus on participant appreciation,

health/wellness, and ADRD research education; and (4) establishing

research sites in the Black community and on the Oneida reservation

(where most of the AI participants are recruited) to make study visits

convenient for participants. Due to these efforts,WADRC participants

include much higher proportions of Black and AI participants than the

state population.

However, a comparisonof educational attainmentbetweenWADRC

versus WI-pop stratified by race/ethnicity (Supplementary Analysis I;

Table A3) reveals that greater proportions of Black and Al participants

are highly educated, and smaller proportions have lower educational

attainment, compared to their state population counterparts. Simi-

lar findings are observed for White, Hispanic, and Asian participants.

WADRC Black participants show the least deviation from their popu-

lation distribution compared to all other racial/ethnic groups. Of the

25WADRCparticipantswith the lowest educational attainment level—

“Did not graduate high school,” 20 (80%) are Black adults. Compared

to Black participants, AI participants have a greater deviation from

their population distribution; about half have received a bachelor’s or

higher degree, compared to 14% of their state counterparts. Future

recruitment from Black, AI, and all other racial/ethnic groups will

focus on engaging individuals with lower educational attainment and

from disadvantaged socioeconomic backgrounds and reduce barriers

to research participation they face.

While focusing on recruiting Black and AI participants, our cen-

ter has not devoted efforts in engaging and recruiting from other

racial/ethnic communities. This has likely resulted in a lower percent-

age of Hispanic participants than their state population. In addition,

research visits conducted only in English by default exclude individuals

who are not fluent in the language. Of WADRC Hispanic participants,

only 13%consider Spanish as their primary language, consisting of only

0.21% of the total participant sample. However, more than 4.6% of the

WI-pop speaks Spanish as their primary language.26(p10) and 29% of
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TABLE 2 Comparison of demographics, social exposomes, and vascular risk factors between theWisconsin ADRC participants versus the
WI-pop of 45 years of age and older (n= 930).

Younger age group (45–64 years; n= 331) Older age group (≥65 years; n= 599)

Metrics

State

population

(WI-Pop)

ADRC

participants

(WADRC)

Ratio or

standardized

difference p-value

State

population

(WI-Pop)

ADRC

participants

(WADRC)

Ratio or

standardized

difference p-value

Demographics

Women, % 50.3% 65.0% 1.29 <0.0001 54.2% 56.3% 1.04 0.3252

Race, % <0.0001 <0.0001

White 91.4% 73.7% 0.81 94.9% 79.4% 0.84

Black or African

American

5.3% 21.8% 4.07 3.2% 15.4% 4.75

American Indian (AI) 1.1% 3.9% 3.64 0.7% 4.9% 7.35

Asian 2.1% 0.6% 0.28 1.2% 0.3% 0.28

Hispanic ethnicity, % 4.7% 2.4% 0.52 0.0501 1.9% 1.3% 0.70 0.3704

Education, % <0.0001 0.0001

Did not graduate high

school

7.5% 3.0% 0.40 9.3% 2.5% 0.27

High school graduate 30.0% 9.7% 0.32 36.0% 16.7% 0.46

Attended college 33.2% 22.1% 0.66 32.7% 20.4% 0.62

College graduate 29.3% 65.3% 2.23 21.9% 60.4% 2.76

Social exposome

Rural residence, % 34.7% 17.5% 0.51 <0.0001 39.3% 18.5% 0.47 <0.0001

ADI state ranking,

median

5.0 2.0 0.40 <0.0001 5.0 3.0 0.60 <0.0001

Vascular risk factors

Hypertension, % 41.1% 36.9% 0.90 0.1541 67.0% 49.9% 0.74 <0.0001

Diabetes, % 13.7% 15.0% 1.10 0.4969 21.0% 15.9% 0.76 0.0036

Systolic blood pressure

(mmHg), mean (SD)

127.3 (16.6) 123.0 (16.5) −0.26 <0.0001 136.1 (18.5) 130.2 (18.5) −0.32 <0.0001

Bodymass index (BMI;

kg/m2), mean (SD)

30.6 (7.3) 29.7 (7.0) −0.12 0.0353 29.8 (6.0) 28.0 (5.5) −0.30 <0.0001

Total cholesterol (mg/dL),

mean (SD)

200.2 (40.5) 195.9 (41.9) −0.10 0.0618 187.1 (42.4) 185.8 (41.9) −0.03 0.4618

Note:
1. The name and order of racial and ethnic groups follow theNACCUniformData Set (UDS) data dictionary.

2. For education, in thedata source for theWisconsin state population, the categories “attended college” and “college graduate”weredefined as “attended col-

lege or technical school” and “college or technical school graduate,” respectively. In theWisconsin ADRC data, the categories “attended college” and “college

graduate” were defined as “attended college but did not receive a bachelor’s degree” and “received a bachelor’s higher degree,” respectively. If theWisconsin

ADRC had used the same definition as for the state population, some participants in the “attended college” category might have been classified as “college

graduate,” which would result in even higher percentages of college graduates and greater differences compared to the state population.

3. The ratios were calculated as the ratio of theWisconsin ADRC sample percentage over the state population percentage. A ratio more (or less) than 1 indi-

cates that the sample percentage is higher (or lower) than the population percentage. A ratio further from1 indicates a greater deviation between the sample

versus the population percentages. Ratios were calculated for categorical variables (sex, race, Hispanic ethnicity, education, rural residence, hypertension,

diabetes). Ratios in the sample versus populationmedians were also calculated for ADI with similar interpretations.

4. The standardized differences between the Wisconsin ADRC sample mean and the state population means were calculated in terms of the number of

population standard deviations (SDs), i.e., (theWisconsin ADRC sample mean–the state populationmean)/the state population SDs). A positive (or negative)

standardized difference indicates that the samplemean is larger (or smaller) than the populationmean. A standardized difference further from zero indicates

a greater deviation between the sample versus the population means. Standardized differences were calculated for continuous variables (systolic blood

pressure, BMI, total cholesterol).

5. The statistically significant sample versus population differences after adjusting for multiple corrections are in bold face.

Abbreviations: ADI, area deprivation index; BMI, body mass index; SD, standard deviation; WADRC, Wisconsin Alzheimer’s Disease Research Center; WI-

pop,Wisconsin state population.
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F IGURE 2 Ratios of theWisconsin ADRC sample percentage over theWI-pop percentage for each age group. A ratio more (or less) than 1
indicates that the sample percentage is higher (or lower) than the population percentage. A ratio further from 1 indicates a greater deviation
between the sample versus the population percentages. Ratios of ADI state rankings were calculated based onmedians instead of percentages
with similar interpretations. ADI, area deprivation index; ADRC, Alzheimer’s Disease Research Center;WI-pop,Wisconsin state population.

Hispanics/Latinos 65 years of age and older do not speak English or

do not speak it well.27 Given the fast growth of the Hispanic/Latino

population and their increased risks for ADRD,1 offering study visits in

English and developing culturally competent engagement and recruit-

ment approaches tailored to the Latino communities are important for

increasing their inclusion in ADRD research.

Of all racial/ethnic groups, Asian American participants are most

underrepresented compared to their state population; there are only

four Asian American participants included in WADRC. This find-

ing mirrors the underrepresentation of Asian Americans in medical

research nationwide and the lack of National Institutes of Health

(NIH) funding support for research on this racial group.28 Knowledge

about the dementia prevalence and risk factors for Asian Ameri-

cans remains sparse,29 and the very limited research has presented

inconsistent findings about whether they bear increased or reduced

dementia risks compared toWhite individuals.16,30 Moreover, the lim-

ited research does not capture the vast heterogeneity among their

diverse subgroups in risks and pathology associated with genetic,

cultural, socioeconomic, and immigration history differences.16,31 In

addition, cultural misperceptions and stigma about dementia impose

barriers to research participation in the group.29 Including more Asian

American participants and expanding the subgroups represented in

research is important, especially considering their most rapid growth

in the aged population.32

Compared to the state population,WADRCparticipants havehigher

educational attainment and smaller percentages living in rural areas

and disadvantaged neighborhoods. These three factors tend to corre-

late but can vary on an individual level. Research based on participants

from a narrower spectrum of sociodemographic profiles could bias

our scientific knowledge. For example, previous research has shown

that the role of education in cognitive decline and reserve varies

between education levels,4,15 such that findings based on the highly

educated may not apply to people with lower educational attainment.

In studies onneighborhooddisadvantages, theADIdistribution is often

skewed such that most participants are from advantaged neighbor-

hoods,whereas only a limited number are fromseverely disadvantaged

neighborhoods. To address this data limitation, researchers usually

regroup theoriginal deciles of theADI state ranking into a smaller num-

ber of categories (e.g., dichotomizing) for sample size consideration,33

which prevents an in-depth evaluation of the role of neighborhood

disadvantage in ADRD risks. Expanding sociodemographic profiles

represented in the sample and including individuals who are underrep-

resented and at a disadvantage will support generalizable findings and

allow these individuals to benefit from the findings.

To increase enrollment from these underrepresented populations,

our center collaborates with the UW Wisconsin Alzheimer’s Institute

(WAI) Dementia Diagnostic Clinic Network34 to recruit participants

from rural areas and highly disadvantaged neighborhoods across Wis-

consin, which includes clinics serving Black and Latino communities. In

addition, the Neighborhood Atlas (ADI geographical mapping) devel-

oped by UW CHDR17 is an effective tool to identify disadvantaged

neighborhoods for recruitment. Research news and discoveries are
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F IGURE 3 Comparison of neighborhood disadvantagemeasured
by the ADI state ranking between theWisconsin ADRC participants
versus theWI-pop of 45 years of age and older. ADI, area deprivation
index; ADRC, Alzheimer’s Disease Research Center;WI-pop,
Wisconsin state population.

widely disseminated to the public through social media, including Twit-

ter, Facebook, and YouTube, as well as the Dementia Matters podcast

hosted at the Wisconsin ADRC,35 serving as effective tools for educa-

tionandoutreach topeople frombroadeducational and socioeconomic

backgrounds. In addition, WADRC offers transportation to study vis-

its to help overcome barriers to research participation related to

transportation constraints.

WADRC participants generally have lower vascular risks than the

state population. Few participants are excluded from participating in

the ADRC due to severe cardiovascular disease. Thus, the lower vas-

cular risk profile is likely due to healthy participant bias as this is a

volunteer-based convenience sample. Outreach to more rural areas

and disadvantaged neighborhoods and inclusion of individuals with

broader educational attainment may increase the breadth of vascular

risk profiles.

Greater sample versus population differences were found for the

older group than the younger group in most metrics, including race,

education, rural residence, and vascular risks. As shown in Table 2,

compared to the younger group, the older group of the state popula-

tion is less racially/ethnically diverse, bears a lower level of educational

attainment, has a higher percentage in rural residence, and shows

greater overall vascular risks. These age differences in the population

characteristics could have contributed to the greater sample versus

population differences for the older group and highlighted the impor-

tance of adequately representing this age group in research, given their

elevated dementia risks.1,3

The values of this study are multifaceted. We provided an exten-

sive summary of national repositories andmulticenter studies inADRD

research and highlighted the common lack of sample representative-

ness in the field. We compared the sample characteristics of the

Wisconsin ADRC participants against the WI-pop, our regional pop-

ulation, to inform recruitment planning. To our knowledge, this study

was the first comparison at the center level, that is, on the recruitment

source for national repositories. Based on our findings, we explored

the implications and causes of the sample versus population differ-

ences and discussed strategies for engaging and recruiting groups that

are underrepresented in research.Wedemonstrated data sources that

can be used for estimating population statistics and the graphical illus-

tration of ratios and standardized differences between sample versus

population statistics and their comparisons across groups. In addition,

we offered a unique perspective in assessing research disparities by

evaluating the sample characteristics in some social exposome factors,

including rural residence and neighborhood disadvantage, which are

rarely compared against the population.

Nonetheless, our study also has several limitations. First, except

for the stratification by age, we mainly evaluated the marginal dis-

tributions of the variables instead of their joint distribution. We

attempted to evaluate the joint distribution using multivariable sur-

vey logistic regressions. In the models, the individual record data

of WADRC and the ACS Integrated Public Use Microdata Series

(IPUMS)36 were stacked together, with sociodemographic variables

(age, sex, race/ethnicity, educational attainment) as the predictors and

data source as the binary outcome. We tested all possible two-way,

three-way, and four-way interactions and found significant two-way

interactions between age and sex and between race/ethnicity and

educational attainment. For younger participants, women were more

likely than men to be included in WADRC. However, this sex differ-

ence diminished for older participants. For all racial/ethnic groups,

compared to individuals who received a bachelor’s or higher degree,

individuals at lower levels of educational attainment were less likely

to be included in WADRC. However, the magnitude of this differ-

ence varied across racial/ethnic groups. Details of the analysis can

be found in the Supplementary Material (Supplementary Analysis II;

Tables A4–A9). The results were generally consistent with the find-

ings from the stratified subgroup analyses comparing sex by age group

and comparing educational attainment by race/ethnicity reported

previously.

A few statistical challenges are noted for this approach: (1)WADRC

and ACS were independently sampled, and their data were collected

separately. Combining the two data sources created a non-nested

study design. Under this design, themarginal and conditional probabil-

ities for participation in WADRC may not be identifiable.37 (2) There

was non-ignorable and non-identifiable partial overlapping of individ-

uals between data sources.37 (3) The data sources used substantially
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F IGURE 4 Standardized differences between theWisconsin ADRC samplemean versus theWI-popmean in terms of the number of
population standard deviations (i.e., (WADRCmean−state mean)/state SD) for each age group. A positive (or negative) standardized difference
indicates that the samplemean is larger (or smaller) than the populationmean. A standardized difference further from zero indicates a greater
deviation between the sample versus the populationmeans. ADRC, Alzheimer’s Disease Research Center; SD, standard deviation;WADRC,
Wisconsin Alzheimer’s Disease Research Center;WI-pop,Wisconsin state population.

different sampling approaches, with probability-based, stratified, and

clustered sampling for ACS and volunteer-based, non-random sam-

pling of individuals for WADRC. (4) Asian and Hispanic/Latino racial

groups might not have reliable estimates due to their extremely small

sample sizes and/or having no participants at some variable levels,

preventing a complete evaluation of the joint distribution and fair-

ness in receiving research benefits. Methodological development is

needed to address these challenges and guide future evaluation of joint

distributions.

Second, like many other ADRD studies, enrollment is volunteer-

based without using a systematic probability-based sampling

approach. Volunteers are generally more motivated and accessi-

ble for research (e.g., due to clinical diagnosis, known family history,

and health literacy). Correspondingly, selection bias can be introduced

to both exposures and outcomes of interests and jeopardize the

validity of estimating the relationship between these variables.6,38 For

example, WADRC recruitment sources varied across races (Table A1)

and differed in the variables of interest (Supplementary Analysis III;

Table A10). Correspondingly, the observed racial differences in these

variables (SupplementaryAnalysis IV; TableA11) could be partially due

to the confounding of recruitment sources. As a result, the associated

bias could jeopardize the validity of studies evaluating the effect of

race on these variables.

Validity and bias refer to whether the estimated causal effect of an

exposure on an outcome in a study sample is equal to or different from

the true causal effect in its target population.39,40 Therefore, validity

and bias must be defined and evaluated based on the specific expo-

sure, outcome, causal effect, study sample, and target population for

a particular study, varying from one study to another. In the current

study, we do not evaluate any causal effect or designate any vari-

able as an exposure or outcome. The WADRC sample and the WI-pop

also differ from the sample and population of the studies evaluat-

ing causal effects (abbreviated as casual studies). As WADRC serves

as a participant registry and a source for national data repositories

andcross-center collaborations, studies involvingWADRCparticipants

often include only part of the WADRC sample according to their eli-

gibility criteria and/or simultaneously include participants from other

centers. The target populations of these studies may be nationwide

and/or be narrowed to people of certain characteristics (e.g., hav-

ing dementia). As stated previously, the current evaluation aims to

help expand sociodemographic and health profiles represented in the

WADRC sample, increase participation of groups at research dispar-

ity, and support various causal studies by providing eligible participant

candidates enriched with characteristics available for selection. We

do not aim to achieve a proportional distribution of WADRC equal to

the state population, which, even if achieved, would not carry over to

the causal studies as their samples and populations would differ from

the ones in the current study. Care should be taken to reduce selec-

tion bias and approximate the distribution of the target population

when enrolling participants for causal studies. However, even if the
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population distribution is matched in the study sample, bias can still

be introduced due to the artificial relationship between the exposure

and the outcome caused by confounders. Statistical approaches can

be applied to correct bias and generalize the estimated causal effects

from the study sample to the target population.40–44 In the correction,

the probabilities of being selected into the sample are often predicted

from the joint distribution of multiple covariates and used to gener-

ate weights for adjusting the sample-versus-population difference in

the covariate distribution. The causal effect in the population is next

estimated using weighted statistical models.41,42,45,46

Third, race and Hispanic ethnicity were treated as separate demo-

graphic factors in this study. This followed how the datawere collected

from the participants using the NACC standard Uniform Data Set

(UDS)47 required for all ADRCs and was consistent with how the U.S.

Census collected the population data. Both the recently revised Cen-

sus standard48 and upcoming UDS version 4 (UDS 4) will combine race

and ethnicity as one field and list Hispanic as an independent race, sup-

porting proper identification and inclusion of Hispanic participants in

future research.

Last, there is asynchrony in data collection years and slight dif-

ferences in the definitions for some of the metrics used in the

sample versus population (Supplementary Material). Future com-

parison of sample versus population characteristics would benefit

from upfront planning for sample data collection to align with avail-

able population statistics. Moreover, it would be helpful to include

additional metrics for comparison, such as social determinants of

health added in the upcoming UDS 449 and the impairment in

vision, hearing, and mobile functions measured by the ACS Disability

Questionnaire.50

In summary, participants included in the national repositories and

multicenter studies are mainly recruited by ADRCs from their regional

populations. Recruitment bias at the centers contributes to the lack of

representativeness at the national level. Although ADRCs have differ-

ent regional populations and specific recruitment focuses for scientific

reasons, evaluating their participant characteristics may help explore

novel approaches to proactively recruit underrepresented groups and

collaboratively make the national participant pool and databases more

inclusive. Representative samples and inclusive research are funda-

mental for generalizable scientific discoveries and equitable disease

diagnosis, care, and treatment.
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