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Abstract

Objective: Acceerated biological aging is a plausible and modifiable determinant of dementia
burden facing minoritized communities, but is not well-studied in these historically
underrepresented populations. Our objective was to preliminarily characterize relationships
between telomere length and cognitive health among American Indian/Alaska Native (Al/AN)
and Black/African American (B/AA) middle-aged and older adults.

Methods: This study included data on telomere length and cognitive test performance from 187
participants, enrolled in one of two community-based cognitive aging cohorts and who identified
their primary race as AI/AN or B/AA.

Results: Nested multivariable regression models revealed preliminary evidence for associations
between telomere length and cognitive performance, and these associations were partially
independent of chronological age.

Discussion: Small sample size limited estimate precision, however, findings suggest future work
on telomere length and cognitive health in underrepresented populations at high risk for
dementiais feasible and valuable as a foundation for social and behavioral intervention research.
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Telomere length and cognitive function among middle-aged and older participants from

communities underrepresented in aging research: A preliminary study

| ntroduction

Asthe U.S. population ages, the incidence and prevalence of Alzheimer’s disease and related
dementias (ADRD) is growing, creating substantial financial burden for individuals, families,
and communities (Alzheimer’s Association 2024 Alzheimer’s Disease Facts and Figures, 2024).
The same is true for subclinical cognitive impairment, which represents a risk factor for future
progression to dementia, and even in a pre-diagnostic stage presents other risks for older adults:
age-related cognitive changes well below clinical thresholds robustly predict incident falls, loss
of independence, and even mortality (Aliberti et al., 2019). Importantly, the burden of ADRD is
not equitably distributed across populations; social disparities are prominent. Minoritized
populations, including American Indians/Alaska Natives (AI/AN) and Black/African Americans
(B/AA), experience disproportionately high risk of cognitive impairment and dementia relative
to non-Hispanic white peers (Mayeda et al., 2016).

Given the impact of cognitive aging on quality of life, and a continued lack of accessible
disease-modifying therapies, preventing incident cognitive impairment is imperative.
Fortunately, a substantial proportion of ADRD risk is modifiable under conditions that support
cognitive health. A recently updated meta-analysis found that fourteen well-studied, primarily
behavioral and biomedical risk factors account for 45% of global dementia; that proportion is
even greater in racially minoritized populations (Livingston et al., 2024; Lee et a., 2022).
Advancing age is considered one of the few non-modifiable determinants of ADRD-related
impairment risk, and certainly this is the case for chronological age. However, the correlation

between chronological age and biological age varies across individuals and populations, where
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biological age is influenced by disadvantageous environmental, socioeconomic, behavioral, and
biomedical exposures that create wear and tear on biological systems (Kennedy et al., 2014).
When one's biological age outpaces one's chronological age, the aging process is accelerated,
and so is the time to cognitive impairment (Movérare-Skrtic et al., 2012). This distinction is
crucial for ADRD prevention research: biological aging is strongly predictive of functional
declines characteristic of later life, and is modifiable not only through addressing the exposures
previously mentioned but also targeted intervention (Wu et al., 2021).

The measurement of telomere length (TL) is increasingly used as an easily obtained marker
of biological age and has significant potential to support translatable mechanism-focused ADRD
science (Vaiserman & Krasnienkov, 2020). Telomeres are the protective DNA and protein
structures at the ends of human chromosomes that maintain genomic stability. Measurement of
TL may be assessed from the variety of tissue samples commonly collected in aging-focused
cohort studies. The shortening of telomeres is an intrinsic part of aging, but rates of telomere
attrition are highly heterogeneous and even short-term behavioral interventions targeting changes
in TL have shown promise (Buttet et al., 2022). Further, multiple lines of research support
measures of TL as a predictor of cognitive outcomes, including preclinical changes that herald
progression to ADRD (Byun et al., 2020), mild cognitive impairment (MCI), and dementia (Insel
et al., 2012; Grodstein et al., 2008; Kume et al., 2012; Hochstrasser et al., 2012; Liu et al., 2016;
Forero et al., 2016; Scarabino et al., 2017; Scarabino et al., 2020). That said, differences in
magnitude and even direction of effect for biological age and cognition have been observed
across demographic characteristics including race/ethnicity (Avila-Rieger et a., 2022), indicating

acrucial need for inclusive methodologies in this discipline.
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Thereis a particularly pressing need for additional research on biological age as a predictor
of cognitive risk that prioritizes inclusion of AI/AN and B/AA populations (Thomas et al., 2008;
Lukens et al., 2009; Movérare-Skrtic et al., 2012; Mahoney et al., 2019). Racism is a socia
determinant of inequity, producing systematized differentials in risk exposures across the life
course, as well as in the resources to mitigate them (Adkins-Jackson et al., 2023; Glymour &
Manly, 2008). It is thus not surprising that advanced biological age compared to chronological
age, conceptualized in health equity models as socially-rooted biological weathering, has been
reported in racially minoritized groups such as the B/AA population in the United States
(Geronimus, 1992; Elliott et al., 2021). However, despite the increased risk for developing
ADRD compared to non-Hispanic whites (Mayeda et al., 2016) and reported accelerated
biological aging (Brown et al., 2017), AlI/AN and B/AA are underrepresented in ADRD research
cohorts. The gap in ADRD research for AI/AN and B/AA includes both inadequate
representation in both observational studies and clinical trials, and arises as a result of
burdensome and/or invasive protocols as well as inadequate strategies for culturally-responsive
educational outreach and engagement (Olson & Albensi, 2020; Gilmore-Bykovskyi et al., 2019).
Recruitment science studies identify lack of access to research centers and distrust of
investigators as barriers to participation in research among racially minoritized communities,
who are also less likely to consent to studies examining genetic data (Leibel et al., 2020).
Comprehensive inclusive science programming addresses underrepresentation as an institutional
problem, and pairs outreach with both material and emotional support for accessible participation
and cultural safety (Gilmore-Bykovskyi et al., 2022; Gleason et al., 2019).

Strong academic-community partnerships built across time, and study leadership by an

Indigenous investigator who is well-known to local Tribal and Black communities, created a
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unique opportunity for our team to improve understanding of biological age and cognitive health
in two populations historically excluded from and underserved by ADRD research. With
approval and buy-in from a Tribal and a B/AA Community Advisory Board, this study provides
preliminarily examination of TL as a predictor of cognitive function in a sample of middle-aged
and older AI/AN and B/AA adults.
Methods
Sour ce Sudies, Community Engagement, and Participants

Data were collected from participants enrolled in two longitudinal cohort studies at the
University of Wisconsin: 1) the Wisconsin Registry for Alzheimer's Prevention (WRAP) study
and 2) the University of Wisconsin Alzheimer’s Disease Research Center (ADRC) clinical core
(Johnson et al., 2018; Allison et al., 2021). All B/AA participants were co-enrolled in the
ancillary African Americans Fighting Alzheimer’sin Midlife (AA-FAIM) study. The WRAPisa
longitudinal observational study, with rolling recruitment and enrollment, of middle-aged adults
who are cognitively normal at study entry. Approximately 70% of the cohort has a self-reported
parental history of ADRD (Clark et a., 2018). The University of Wisconsin ADRC clinical core
is another longitudinal observational study, and is primarily composed of participants without
impairment, but also enrolls participants with MCI and dementia and retains participants who
develop impairment during follow-up. WRAP and ADRC participants complete comprehensive
in-person visits, annually or biennialy, that include neuropsychological cognitive exams,
surveys of self-reported health and behavioral data, a physical exam by a nurse practitioner, and
collection of blood for clinical and laboratory assays.

For B/AA participants, the AA-FAIM study provides support for community engagement

while leveraging the data infrastructure of the WRAP and ADRC clinical core studies.
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Wisconsin ADRC funding likewise supports outreach and engagement for local Al/AN
communities. All source studies ultimately dedicate substantial resources including staff effort to
longstanding community partnerships, engaging a multifaceted approach to inclusion to grow a
diverse cohort of highly engaged participants. Specific to the present investigation, this approach
included multiple community-based talks on biological aging, provided by a researcher with
Indigenous lived experience and dual expertise in neuroscience and ethics of data sovereignty
(LWYMD). These presentations have generated substantial community and participant interest
in our team’swork on TL as a cognitive impairment risk factor.

Given project goals of assessing biological age among middle-aged and older adults from
populations that are underrepresented in, and therefore underserved by, most ADRD cohorts, this
study sample ultimately included 187 participants who sdlf-identified racially as B/AA or
Al/AN, provided whole blood, and had concurrent complete cognitive and covariate data
avallable for at least one study visit. The present study was approved by and has received
ongoing feedback from the ADRC's Tribal and B/AA Community Advisory Boards. The
University of Wisconsin Institutional Review Board approved all study procedures, each
participant provided signed informed consent before participation, and al research was
completed in accordance with the Helsinki Declaration as previously described (Johnson et al.,
2018). Importantly, we also obtained community approvals for the research direction and these
analyses. Formal Tribal approvals were obtained for the research teams to be on Tribal lands to
recruit participants. Additional community input for the analyses themselves were provided by
community advisors. For our work with Indigenous participants, the Community Advisory

Board’s role and function were approved by the Tribal government. TL was measured at Tulane
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University and Tulane University’s Ingtitutional Review Board determined TL measurement for
these de-identified DNA samples as exempt research.
DNA Extraction and Telomere Measurement

Whole blood samples were collected in 10mL EDTA tubes, mixed by rocking for 5 minutes,
and aliquoted into 5mL tubes before storage at -80°C. Samples were thawed and genomic DNA
was extracted at the University of Wisconsin using the Gentra Puregene Blood Kit following the
manufacturer’s protocol (Qiagen). Approximately 200ng of DNA per sample was aliquoted,
labeled with a de-identified subject ID, and shipped to Tulane University on dry ice overnight for
DNA quality assessment and TL analysis.

Integrity and purity of genomic DNA samples were assessed via BioTek Epoch Microplate
Spectrophotometer and with the Invitrogen Qubit dsDNA Broad Range Assay Kit. The average
260/280 ratio for all DNA samples was 1.91, the average 260/230 ratio was 0.99, and the average
double-stranded DNA concentration was 149.16 nanogram per microliter (ng/ul). The average
relative TL was determined from the telomere repeat copy number to single gene (albumin) copy
number (T/S) ratio using an adapted monochrome multiplex quantitate real-time polymerase
chain reaction (MMQ-PCR) via a BioRad CFX96 as previously described (Cawthon, 2009;
Drury et al., 2014). Samples were assayed in triplicate with different well positions on a
duplicate plate, using a 7-point standard curve from a peripheral white blood cell DNA standard
ranging from 0.0313ng to 2ng, with an average of 1.25 replicates of the standard removed per
plate. The average efficiencies of telomere and single copy gene primers were 94.34% and
95.52% respectively, with an average R? of 0.99 for telomere and single copy gene standard
replicates. All efficiencies were between 90-110% and within 10% of each other to eliminate

plate to plate variability. The average slope and y-intercept for the telomere standard curve were
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-3.47 and 4.93, respectively. The average slope and y-intercept for the single copy gene standard
curve were -3.44 and 12.88, respectively. Coefficients of variations were 4.10% for within
triplicate variation on average and 1.90% for between duplicate plate variation on average. Only
13% of samples were repeated once for a minimum of 5 replicates with passing quality control
criteria. The intra-class corrdation (ICC) for all samples passing quality control criteria was
calculated as 0.887 (Cl: 0.862, 0.908) in accordance with previously described computations
(Eisenberg et d., 2020).
Neuropsychological Assessments

Performance on tests of executive function and episodic memory, cognitive domains
sensitive to early age-related change, served as key outcomes (Lezak, 2004). The former was
assessed with Trail Making Test A (TMT A) and B (TMT B). TMT A and B consist of 25 circles
on paper containing numbers or numbers and |etters. Participants were instructed to connect the
numbers as quickly as possible in ascending order in TMT A, and in an ascending pattern
alternating numbers and letters in TMT B. The TMT A is a visual-motor attentional task, while
the TMT B is a visual-motor executive functioning task, with additional demands on working
memory and cognitive switching. Performance was measured in the time to complete the test;
errors were corrected as they occur and were included in the total time-to-completion (Corrigan
& Hinkeldey, 1987). In the WRAP and ADRC clinical core protocols, the normative time 300-
second cutoff for the TMT B was extended to 600 seconds to allow for greater variability in task
performance (Strauss et al., 2006).

Episodic memory was assessed with the well-known and validated Rey Auditory Verba
Learning Test (RAVLT; Rey Auditory Verbal Learning Test ™, 1996). The RAVLT requires

participantsto learn alist of 15 unrelated words and immediately recall as many as possible, over
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5 Learning Trials. Each correctly recalled word counts for one point. Summing the words
recalled in each trial provides a score representing immediate memory (RAVLT Sum of
Learning Trials 1-5). Following a delay of ~30 minutes and the reading of a “distractor list” of
15 new words, participants were asked to recall as many of the origina words as possible
(RAVLT Long Delay) for a measure of delayed recall.
Sdlf-1dentified Race and Other Covariates

WRAP and ADRC participants were asked to self-identify their race/ethnicity at their
basdline study visit; formatting at the time of enrollment for participants in the current analysis
required participants to select a single response for “primary race’ with optional follow-up
guestions on “secondary” and “tertiary” race. A separate question asked participants to identify
ethnicity as Hispanic/Latino or non-Hispanic/Latino. As noted, selection into the current study
sample was based on primary, secondary, or tertiary race self-reported as “American
Indian/Alaska Native’ or “Black/African American.” While sampling was based on ensuring
representation of racially minoritized communities generally, racialization uniquely shapes lived
experiences and thus both biological age and cognitive performance. Though self-identified race
is only modestly correlated with ancestry at a population level, there is also some evidence for
ancestry-related racial differences in TL (Hansen et al., 2016). Accordingly, participants were
also aggregated into three racial groups to model race as a covariate: primary race as AI/AN with
no secondary racial group identified, primary race as B/AA with no secondary racial group
identified, and multiracial.

Other covariates were likewise selected a priori based on empirical evidence for ther
correlations with both the exposure and outcomes of interest. In addition to self-identified race,

these included chronological age at visit, analyzed as a continuous variable; educational
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attainment in years, also analyzed as a continuous variable and Winsorized at 20 years if >20
years; and sex, which at the time of sample enrollment required a binary response (“Mal€’ or
“Female’) and was analyzed as a categorical variable in the current study.

Data Analyses

Comparisons of sample characteristics for AI/AN, B/AA, and multiracial participants were
assessed with Kruskal-Wallis tests for continuous variables, and Fisher's exact test for
categorical variables. To assess relationships between TL and cognitive performance, we used
standard multivariable linear regression. Previous studies including international meta-analyses
have found associations to depend on covariate selection for a given model (Zhan et al., 2018).
Thus, covariates were incrementally added to a series of nested models to assess the
contributions of key potential confounders to observable relationships. (1) a base mode
controlling for self-identified sex and educational attainment, (2) a model adding self-identified
race, and (3) a model adding chronological age. Separate models were run with each of the four
cognitive tests as a different dependent variable (TMT A Time and B Time, RAVLT Sum of
Learning Trials and Long Delay). For the TMT outcomes, these values were natural log
transformed before model fitting to avoid issues with heteroskedasticity. All fitted models were
checked for conformance to regression assumptions. There were no major concerns for residual
trends, heteroskedasticity, non-normality, and no overly influential data points were noted.

In order to delineate contributions of biological and chronological age, we formally assessed
change in the estimated TL regression coefficient when chronological age was included in the
model (i.e., from model structure 2 to modd structure 3). We utilized non-parametric
bootstrapping of the fitted data, collecting the coefficient change over 2000 iterations, and

constructing 95% confidence intervals (Cls) on the change using the BCa method.
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As noted, the current preliminary study and dissemination of its results was originally

motivated by community interest in the research question and a desire to see more inclusive

work on TL and cognitive aging. To assist with interpretation of findings and facilitate future

work in this area, we also utilize outcomes from these models to conduct a power analysis. Post-

hoc power analysis of the TL effect in modd structure 3 was assessed using the fitted data (TL

and outcome variance) and the fitted model estimates (estimated TL coefficient, R?, and number

of coefficients in the model). This was used to generate sample size for 80% power to detect the

estimated TL effect if more datawere available in our cohorts or othersin future research.

All analyses were performed in R version 4.4.0 (R Core Team, 2024) using the boot package

(Canty & Ripley, 1999; Davison & Hinkley, 1997) for bootstrapping, and the pwrss package

(Bulus, 2022) for the post-hoc power calculations. Statistical significance was assessed at the 5%

level for all analyses.

Results

Table 1. Participant characteristics, full sample and by self-identified race.

Variable Full Sample | American Black/ Multiracial Group
Indian/Alaska | African Comparisor
Native American (p)

N 187 24 147 16

Ageat visit, years (mean (SD)) 58.60 (8.20) 61.97 (7.98) 57.81 (8.18) 60.74 0.05

Male (N (%)) 47 (25.1) 7(29.2) 39 (26.5) 1(6.2) 0.18

Formal education, years (mean (SD)) 14.63 (2.32) 14.33 (2.06) 14.61 (2.37) 15.31 (2.27) 0.48

Telomere length, T/Sratio (mean (SD)) 1.04 (0.21) 1.05 (0.15) 1.05(0.21) 1.00 (0.20) 0.64

Trail Making Test A, seconds (mean (SD)) | 32.90 (12.36) | 28.62 (9.22) 33.97 (12.85) 29.33(9.99) 0.06

Trail Making Test B, seconds (mean (SD)) | 99.00 (56.20) | 80.67 (40.55) | 104.27 (59.58) | 76.67 (24.90) | 0.01

RAVLT Sum of Learning Trials 1-5, 44.19 (9.02) 43.42 (5.98) 44.29 (9.07) 4453 (12.53) | 0.70

summed words (mean (SD))

RAVLT Long Delay, words recalled 8.40 (3.09) 8.00 (2.86) 8.44 (3.08) 8.67 (3.72) 0.69

(mean (SD))

Participants Demographics, TMT and RAVLT Scores, and TL Distribution
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Full sample characteristics are provided in Table 1. Briefly, the sample (N=187) was
majority (74.9%) with an average age of 58.60 years (SD = 8.20 years). 8.6% of participants
reported more than one racial and ethnic identity, with 12.8% of the sample reporting AI/AN
only and the remaining 78.6% reporting B/AA only. In the full sample, participants reported an
average of 14.60 years (SD = 2.32 years) of formal educational attainment. The average time of
participants for completing the TMT A was 32.90 seconds (SD = 12.36 seconds) and for the
TMT B the average time to completion was 99.00 seconds (SD = 56.20 seconds). These average
times are within limits per normative data (Lezak, 2004). The average number of words recalled
across RAVLT Sum of Learning Trials 1-5 was 44.19 (SD = 9.02). The average number of
words recalled for the RAVLT Long Delay was 8.40 (SD = 3.09). These values are also
considered typical of cognitively heathy individuals (Lezak, 2004). There were modest
differences in age at visit and TMT B scores across racia groups. There were no significant
differences between racial groups for overall mean T/S ratio. The distribution of TL for the
sample resembled a normal Gaussian distribution within each racial category as seen in Figure

1.

Figure 1. Distribution of telomere length by racial category. Telomere length (TL), measured
by telomere to single copy gene (T/S) ratio, is on the x-axis, and the American Indian/Alaska
Native (AlI/AN) TL measurements are in purple at the top, the Black/African American

(B/AA) TL measurements are in orange in the middle, and the Multiracial TL measurements

arein green at the bottom.

Associations of TL and Cognitive Test Performance
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Multivariable linear regression was used via a series of nested models to test whether TL
significantly associated with performance on the four cognitive tests when adjusting sequentially

for sex, formal educational attainment, race, and chronological age (Table 2).

Table 2. Regression coefficients (95% confidenceintervals) for telomere length and

cognitive test performance by outcome, race, and model.

Trail Making Test A, time-to-completion (log-transfor med)

Model 1 M odel 2 Model 3
T/Sratio -0.13(-0.37, 0.11) -0.13 (-0.37, 0.10) -0.02 (-0.26, 0.21)
Male sex 0.04 (-0.08, 0.15) 0.03 (-0.08, 0.14) 0.03 (-0.08, 0.14)
Yearsof education | -0.02 (-0.04, 0.03) -0.02 (-0.04, 0.01) -0.02 (-0.04, -0.003)*
Al/AN - -0.16 (-0.31, -0.02)* | -0.21(-0.35, -0.07)*
M ultiracial - -0.11 (-0.29, 0.07) -0.13 (-0.30, 0.04)
Age at visit - - 0.01 (0.01, 0.02)**

Trail Making Test B,

time-to-completion (log-transfor med)

Model 1 M odel 2 Mode 3
T/Sratio -0.31 (-0.62, 0.01) -0.31 (-0.63, 0.01) -0.12 (-0.43, 0.19)
Male sex 0.11(-0.04, 0.26) 0.11 (-0.05, 0.26) 0.11(-0.03, 0.25)
Yearsof education | -0.06 (-0.08, -0.03)** | -0.06 (-0.08, -0.03)** | -0.07 (-0.10, -0.04)**
Al/AN - -0.23(-0.42,-0.04)* | -0.31(-0.50, -0.13)*
M ultir acial - -0.10 (-0.33, 0.14) -0.13 (-0.36, 0.09)
Age at visit - - 0.02 (0.01, 0.03)**

Learning Trials1-5, t

otal wordsrecalled

Model 1

M odel 2

Model 3

T/Sratio 8.19 (2.11, 14.3)* 8.09 (1.96, 14.21)* 5.33 (-0.84, 11.50)
Male sex -352(-6.38,-0.65)* | -3.60 (-6.51, -0.69)* | -3.68 (-6.52, -0.85)*
Yearsof education | 0.76 (0.22, 1.29)* 0.77 (0.23, 1.31)* 0.95 (0.41, 1.49)**
Al/AN - -0.61 (-4.36, 3.13) 0.59 (-3.12, 4.29)
Multiracial - -1.10 (-1.58, 1.62) -0.56 (-4.99, 3.86)
Age at visit - - -0.27 (-0.43, -0.11)**

Delayed Recall, total wor dsrecalled

Model 1 M odel 2 Model 3
T/Sratio 1.34 (-0.80, 3.48) 1.35 (-0.81, 3.51) 0.54 (-1.65, 2.73)
Male sex -1.30(-2.31,-029)* | -1.29(-2.31, -0.26)* | -1.31 (-2.32, -0.30)*
Yearsof education | 0.25 (0.07, 0.44)* 0.25 (0.06, 0.44)* 0.30 (0.11, 0.49)*
Al/AN - -0.39 (-1.58, 1.62) -0.04 (-1.36, 0.02)
Multiracial - -0.02 (-1.58, 1.62) 0.18 (-1.40, 1.75)

Ageat visit

-0.08 (-0.14, -0.02)*
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* Significant at the p<0.05 level
** Gignificant at the p<0.001 level

There was no evidence for an association between TL and our measure of processing speed,
TMT A time-to-completion; the null association did not change between models 1 and 2.
Further, when chronological age was added as a covariate in model 3, the estimate for TL was
attenuated by nearly 85% (change of 0.11 from -0.133; 95% BCa CI for change: 0.04 to 0.23).
Utilizing mode 1, the relationship between longer TL and better performance on a measure of
more complex executive functioning, TMT B time-to-completion, approached through did not
reach statistical significance (b = -0.31, 95% ClI: -0.62 to 0.01). There was no change in TL
estimate in model 2. However, as expected, chronological age confounded relationships between
TL and TMT B performance, reducing the estimated Model 2 effect by 62% in magnitude, with a
change of 0.12 (95% BCa ClI for change: 0.04 to 0.36) in the TL coefficient going from model 2
to model 3.

In terms of measures of episodic memory, TL positively associated with performance on a
test of immediate memory and learning, RAVLT Sum of Learning Trials 1-5 (b = 8.19, 95% ClI:
2.11 to 14.26). This relationship was not substantially attenuated by adjusting for race in model
2, however chronological age did again partially confound the observed association. In model 3,
inclusion of chronological age attenuated the TL effect to the point of non-significance as a
result (b = 5.33, 95% CI: -0.84 to 11.50). The estimated TL effect was ultimately reduced by
34% in magnitude, with a change of -2.75 (95% BCa CI for change: -5.67 to -1.01) in the
estimated TL coefficient going from model 2 to model 3. The relationship between TL and the
other measure of memory, RAVLT Long Deay, did not reach statistical significance and
adjusting for race in model 2 did not change this finding. For RAVLT Long Delay, modd 3's

inclusion of chronological age attenuated the estimated TL effect by approximately 60%
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(estimated change of -0.81 from 1.35; 95% BCa Cl for change: -1.82 to -0.24). Overall models
of agiven TL by performance on each cognitive test are plotted given female participant sex, the
average educational attainment of 9.93 years, and the average chronological age of 58.6 yearsin

Figure 2.

Figure 2. Regression model-predicted means for performance on four cognitive tests for a
given telomere length (TL). Regression models have means in dark line and 95% confidence
intervals (Cls) in shaded areas by cognitive test. All models are referenced for female,
Black/African American participants at the mean participant age of 58.6 years. Scatter plots
with linear fit lines of TL with the Trail Making Test (TMT) A time logged (upper l€eft), the
TMT B time logged (upper right), the Rey Auditory Verbal Learning Test (RAVLT) Sum of

Learning Trials 1-5 (lower left), and the RAVLT Long Delay (lower right). TL was measured

by telomere to single copy gene (T/S) ratio.

Post-Hoc Power Analysis. Predicting Sample Szes Needed for Future Work

Post-hoc power analysis of the TL regression coefficient significance was conducted using
the model 3 structures, fits, and data. For the RAVLT Sum of Learning Trials 1-5, approximately
double the number of participants would be needed for 80% power, with an ideal sample size of
401, compared to the current sample size of 187. For other cognitive outcomes with weaker
adjusted associations between TL and cognitive function observed, much larger sample sizes
would be needed for achieving 80%, with >1500 needed for TMT B, >3600 for RAVLT Long
Delay, and >17000 for TMT A.
Discussion

In a small but highly engaged sample of middle-aged and older adults identifying as B/AA

and/or AI/AN, we preliminarily explored relationships between TL and performance on
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cognitive tests sensitive to age-related cognitive change. Taken as a whole, our findings
contribute to the growing body of evidence on biological age as a predictor of cognitive health
among Black and Indigenous populations that have been historically underrepresented in and
underserved by ADRD research. Descriptive analyses revealed no observable racial differentials
in TL within the study sample. While some studies posit that ancestry may account for
observable differentials in TL, substantial genetic admixture, geographic variability, and the
strong influence of environmental exposures on TL contribute to inconsistenciesin this literature
(Brown et al., 2017). Further, to our knowledge most or all U.S.-based studies of TL in AI/AN
populations have been within-group studies of the Strong Heart Family Study cohort of AI/AN
older adults from the Plains and Southwest (Suchy-Dicey et al., 2018; Zhu et a., 2013), with
lived experiences and ancestry uniquely distinct from our Great Lakes and Woodland AI/AN
cohort.

Our primary analyses suggested that TL may predict later-life cognitive function, specifically
immediate memory and learning abilities. Results of nested multivariable regression models
indicate that although TL and cognitive performance were partially confounded by chronological
age, TL aso associated with cognition independently with relationships in the expected
direction, where longer telomeres associated with better cognitive test performance scores. While
TL estimates were not statistically significant predictors of immediate memory after controlling
for chronological age, this may be due to the small sample of participants with data available for
this preliminary study. Prior work has empirically established the importance of somewhat larger
samples to explore TL as a predictor of health outcomes (Eisenberg et al., 2020). Given the
parameter estimates available through our preliminary analysis, we conducted a post-hoc power

analysis to provide guidance on minimum sample sizes required for future work, with particular
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attention to immediate memory as a key outcome among cohorts similar in demographics
including age. The estimated sample size needed for adequate power in this domain is well
within reach of most cohort studies, assuming strong outreach practices and sufficient time and
resource investment in community. Such guidance is particularly relevant for work with
communities underrepresented in research but for whom growing and disseminating a
community-specific body of evidenceis of primary concern and in fact is akey giveback method
required for sustained and ethical engagement, recruitment, and retention.

To our knowledge, thisis one of relatively few studies of TL and cognitive function among
B/AA adults and the only one to intentionally include AI/AN participants. Our study’s evidence
of moderate association between TL and immediate memory isinconsistent with findings from at
least one study examining similar measures of executive function and episodic memory, who
saw no association of TL with test performance in either domain among their similarly sized
African American subsample (Leibel et al., 2020), even after allowing relationships to vary by
socioeconomic status. However, another longitudinal study with a similarly sized sample
reported baseline TL significantly predicted performance in both domains for African American
participants (Chen et al., 2023). While our team has not previously examined TL and cognition
in the Wisconsin cognitive aging cohorts, we have reported on another socialy-rooted
“accumulation-of-risk” model, where cumulative life stressors predict of cognitive aging, within
both Black and white subsamples (Zuelsdorff et al., 2020). Life stressors are likely to operate on
cognition both via short-term, potentially transient mechanisms like depressive symptoms or
deep disruption, and longer-term mechanisms such as biologica weathering. Notably,
associations between accumulated stressors and executive function were observed for Black and

white participants, but associations between accumulated stressors and episodic memory were
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observed for Black participants only. Our findings for TL in a racially minoritized sample may
provide additional support for biological weathering as a contributor to premature changes in
memory among these relatively young cohorts.

As noted, a preponderance of studies examining TL as a predictor of cognitive aging have
been conducted in predominantly non-Hispanic white samples. Evidence has been mixed in these
populations. For instance, though several large studies including meta-analyses report strong
linear associations between TL and cognitive outcomes such as risk for dementia (Cao et al.,
2023; Hagg et al., 2017; Pudas et a., 2021), other studies report that associations do not
withstand adjustment for socioeconomic markers such as educational attainment (Zhan et al.,
2018). However, our findings are consistent with those of several other teams. In a sample of
middle-aged and older adults drawn from the Spanish Alzheimer's and Families (ALFA)
cognitive aging cohort, TL associated with immediate free recall but not with delayed recall or
tests of executive function (Rodriguez-Ferndndez et al., 2024). Future research on this
relationship across the life- and disease course is warranted, especialy if longitudinal analysis of
interventions to slow biological aging and prevent ADRD are implemented at different life
stages.

There are some limitations to this study that should be discussed particularly as they relate to
future directions in this crucial area of work. First, small sample sizes not only limited power for
whole-sample modeling of direct relationships, but did not allow for exploration of complex
relationships that have been observed in larger but predominantly white cohorts. For instance,
some studies report that magnitude of effect and even directionality is dependent on individual
characteristics such as sex (De Looze et a., 2024; Gampawar et al., 2020) and presence of

ADRD pathology in the brain (Mahoney et al., 2019b). Effect modification is not only useful for
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understanding neurobiological mechanisms and targeting interventions when it is revealed,
unmodeled, it may obscure true associations. In the ALFA study cited previously, secondary sex-
stratified analyses showed that TL did associate with executive function, but only in females.

We were also unable to look at TL as a time-varying predictor of cognitive hedlth in this
cross-sectional pilot study, though such longitudinal associations and evidence for modifiability
will be crucia in growing an optimal evidence base for ADRD intervention studies. While
ADRD-specific telomere interventions are sparse or non-existent, a meta-analysis of
interventions targeting TL found that common interventions combining physical activity with
dietary guidance halted telomere attrition and even significantly lengthened telomeres in six to
eight weeks (Buttet et al., 2022). Longer-term intervention studies designed to address social and
structural determinants of well-being including discrimination-related stress have also reported
reduced telomere attrition in treated participants relative to controls (Gilmore-Bykovskyi et al.,
2019).

Finally, findings from this volunteer-based cohort cannot be generalized to broader AlI/AN
and B/AA populations. Cognitive aging study protocols, including those of the source WRAP
and ADRC dudies, are time- and effort-intensive (Gilmore-Bykovskyi, 2019). As such, they
frequently engage highly selected samples with complex motivations for participation that may
bias risk profiles. Fortunately, intentional outreach, engagement, and institutional responsivity
over time may improve representativeness. Work by our team has found evidence for strong
selection bias by enrollment “motivators’ such as family history of ADRD and referral from a
memory clinic among non-Hispanic white participants in the national ADRC network (Gleason
et al., 2019). These correlations were not observed among B/AA participants, who most

frequently enroll and share data at sites with strong community engagement and an emphasis on
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accessibility; however, replication in large population-based cohorts will complement the work
done in community-based cognitive aging research.

The current study nonetheless contributes substantially to a small but growing and much-
needed body of evidence supporting the use of TL to measure biological age as a modifiable risk
factor. If replicated, markers of biological age hold potential as an intervention target and
foothold to address change in cognitive domains associated with ADRD among underserved
populations at highest risk for developing ADRD. Importantly, the nove findings in this report
are the first to demonstrate the relationship between biological age and pereformance in ADRD-
specific cognitive domains for the AlI/AN population, albeit of a small sample size to date.
Targeting preclinical ADRD as well as cognitive changes frorm other neuropathologies will be a
major focusin coming decades.

Further, our results strongly suggest that inclusive cohorts, adequately powered for within-
group analyses that can replicate and expand on extant findings are within reach for committed
research teams. The AA-FAIM study and the Wisconsin ADRC has been successful in collecting
biospecimens for AI/AN and B/AA participants due to its culturally appropriate community-
based research practices and dedication to inclusve ADRD research (Gleason et al., 2019;
Green-Harris et a., 2019). To increase enrollment of participants from minoritized communities,
future ADRD research studies should hire underrepresented population community members to
the research team, identify culturally appropriate community-based research and dissemination
practices specific to the communities of interest, and engage with and respond to populations
historically excluded from research through sustained community partnerships.
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