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Introduction: It is critical to develop more inclusive Alzheimer’s disease (AD) research

research and have access to timely diagnosis and treatment. If validated in racialized
groups, plasma AD biomarkers and measures of subtle cognitive dysfunction could pro-
vide avenues to expand diversity in preclinical AD research. We sought to evaluate
the utility of two easily obtained, low-burden disease markers, plasma amyloid beta
(AB)42/40, and intra-individual cognitive variability (1ICV), to predict concurrent and

longitudinal cognitive performance in a sample of Black adults.
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over time.

research.

1 | INTRODUCTION

Black Americans are over-represented in prevalence of Alzheimer’s
disease and related dementias (ADRD) at approximately 1.5 to 2 times
the rate of non-Hispanic Whites,! yet substantially under-represented
in Alzheimer’s disease (AD)-specific biomarker research serving to
characterize the disease.2® Emerging findings point toward the pres-
ence of AD pathophysiology years before clinical symptoms manifest,*
suggesting a possible foothold for identification and intervention in a
preclinical stage. Yet, compared to White individuals, Black individu-
als are more likely to receive medical evaluation of cognitive concerns
later in the disease.” This would portend under-identification of pre-
clinical disease as well. Altogether, these inequities in inclusion and
access to preclinical identification will likely maintain® or exacerbate
existing racial ADRD disparities.

To help address the disproportionate burden of ADRD in Black
communities, specific tools and strategies are needed to support equi-
table and representative research participation. For AD biomarker
research specifically, which is used to define the disease and its
progression from preclinical to clinical stages (e.g., National Insti-
tute on Aging-Alzheimer’s Association [NIA-AA] Research Framework
Model,%) engaging the Black community more effectively will both
ensure generalizability of existing models of preclinical AD, and allow
Black Americans to trust that emerging data are personally applicable.”

Hallmark biomarkers of AD, amyloid beta (AB) deposition and neu-
rofibrillary tau, are measurable in vivo through positron emission
tomography (PET) imaging or in cerebrospinal fluid (CSF) via lum-
bar puncture, but several factors limit the broad use of PET and CSF

Methods: Two hundred fifty-seven Black participants enrolled in the African Ameri-
cans Fighting Alzheimer’s in Midlife (AA-FAIM) study underwent at least one cognitive
assessment visit; a subset of n = 235 had plasma samples. Baseline IICV was calculated
as the standard deviation across participants’ z scores on five cognitive measures: Rey
Auditory Verbal Learning Test Delayed Recall, Trail Making Test Parts A and B (Trails
A and B), and Boston Naming Test. Using mixed effects regression models, we com-
pared concurrent and longitudinal models to baseline plasma AB42/40 or 1ICV by age
interactions. PrecivityAD assays quantified baseline plasma AB42/40.

Results: IICV was associated with concurrent/baseline performance on several out-
comes but did not modify associations between age and cognitive decline. In contrast,
plasma AB42/40 was unrelated to baseline cognitive performance, but a pattern
emerged in interactions with age in longitudinal models of Trails A and B and Rey Audi-
tory Verbal Learning Test total learning trials. Although not significant after correcting
for multiple comparisons, low AB42/40 was associated with faster cognitive declines

Discussion: Our results are promising as they extend existing findings to an Black
American sample using low-cost, low-burden methods that can be implemented
outside of a research center, thus supporting efforts for inclusive AD biomarker

biomarkers; for example, the procedures are invasive, and aversive for
many in the Black community.® The specialized equipment and training
needed to collect these data also restricts access.

Plasma-based biomarkers hold promise as an alternative.”" 1112 A
blood draw can be performed by a range of clinic staff in multiple
settings, and is generally a more acceptable procedure than lumbar
puncture and PET, thereby facilitating improved inclusion in biomarker
research for Black Americans.8 However, there is sparse research on
the extent to which AD biomarkers commonly associated with clinical
manifestations of dementia among the non-Hispanic White population
generalize to Black Americans who are more likely to present with mul-
tiple pathologies’®>14 and higher rates of cardiovascular-related AD
risk factors.1®

Identification of AD risk and disease stage in research settings
typically relies on physiological markers aligned with behavioral
markers—most often cognitive testing. However, given structural
inequities in education, cognitive testing can be prone to bias, espe-
cially for marginalized populations. An alternative indicator of early
disease is a marker of cognitive dispersion or intra-individual cognitive
variability (IICV). An advantage of IICV over other cognitive markers is
that it relies on intra-individual comparisons rather than standardized
norms, which may unfairly evaluate performance in individuals from
minoritized populations. Notably, when using standardized tests to
evaluate cognitive performance, Black Americans are more likely to be
misdiagnosed or over-pathologized as cognitively impaired compared
to White individuals.2é17 By contrast, [ICV assesses cognitive variabil-
ity rather than test performance per se and is less sensitive to cultural

bias. Measured as the within-person standard deviation between
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individual cognitive test scores, IICV reflects links between cognitive
performance and brain structure and function, and is associated with
reduced functional connectivity and network dysfunction.’® 1ICV is
non-invasive and easily accessible; it can be obtained via a brief cogni-
tive evaluation in acommunity setting. Our group found IICV measured
at baseline predicted incident cognitive impairment between 8 and 10
years later.2?-21 Moreover, predictions were comparable to standard
indices such as CSF analytes and hippocampal atrophy.2%2° A major
limitation of our prior work, however, is that analytic samples were
largely non-Hispanic and White. Thus, it is important to determine
whether IICV predicts cognitive decline (i.e., early clinical manifesta-
tions of ADRD) in Black Americans. IICV could offer easily obtained
complementary information to physiological biomarkers.

Importantly, in contrast to ancestry, which conveys biological sig-
nificance regarding inherited genetics,2? race is a social, and not a
biological, construct. “Racialization” more accurately describes the pro-
cess by which individuals are identified as being part of a specific
racial group often based on phenotypic features.2® Individuals racial-
ized as Black in the United States experience substantial differences
in life experiences including unequal access to quality education and
healthy neighborhoods, and limits in occupational attainment, which
contribute to disparities in health and disease outcomes.2*

With an overarching goal to support timely detection of AD and
improved access to prevention strategies in historically excluded
groups, we sought to evaluate the ability of two easily obtained, low-
burden disease markers to predict concurrent and longitudinal cogni-
tive performance in a sample of Black middle-aged and older adults
from the United States. Specifically, we compared models including
baseline plasma AB42/40 and IICV—alone or combined. We hypoth-
esized that lower plasma AB42/40 and higher baseline 1ICV would
be associated with worse concurrent cognitive performance and with
faster longitudinal cognitive decline.

2 | METHODS

2.1 | Participants

Participants were enrolled in the African Americans Fighting
Alzheimer's in Midlife (AA-FAIM) study. AA-FAIM invests in
community-engaged, programmatic recruitment and retention efforts
while leveraging infrastructure from two ongoing longitudinal aging
studies, namely, the Wisconsin Registry for Alzheimer’s Prevention
(WRAP) and the Wisconsin Alzheimer’s Disease Research and Clinical
Center (ADRC) Clinical Core. Both WRAP and ADRC studies examine
risk factors associated with cognitive aging trajectories. The WRAP
study enrolls cognitively unimpaired, middle-aged adults, is enriched
for family history of AD, and conducts biennial study visits. The ADRC
Clinical Core enrolls middle-aged and older adults spanning the AD
continuum, with or without a family history of AD, and conducts
annual study visits. Clinical status (cognitively normal/unimpaired,
impaired, mild cognitive impairment [MCI], or AD) is adjudicated dur-

ing consensus conference for each subject at each visit in both studies.

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and meeting
abstracts and presentations. Only a handful of studies
have examined the association between plasma biomark-
ers and clinical factors in Black Americans. None have
included cognitive variability in models predicting cogni-
tive decline. Moreover, most include only cross-sectional
data from older adults with a diagnosed cognitive disor-
der, for example, mild cognitive impairment or dementia.
All relevant studies have been cited.

2. Interpretation: Cognitive variability was associated with
concurrent performance on several outcomes but did not
modify associations between age and cognitive decline. In
contrast, plasma amyloid beta (AB)42/40 was unrelated
to baseline cognitive performance; that is, no significant
cross-sectional associations were noted, but associations
emerged in interactions with age in longitudinal models
of executive functioning and memory with low Ag42/40
being associated with faster decline over time. Our find-
ings offer clarifying support to extend targeted associ-
ations between plasma AB42/40 and cognitive function
and between intra-individual cognitive variability and
cognitive function to Black individuals

3. Future directions: Ongoing plasma biomarker research
in Black Americans and other marginalized cohorts is
critical to better understanding relationships between
Alzheimer’s disease proteinopathies and cognition.
Larger studies should examine associations between
plasma ApB42/40, cognitive variability, and cognitive

decline across racialized groups.

Diagnoses of MCl or dementia due to suspected AD are assigned based
on NIA-AA criteria,2>2% without reference to biomarkers. In addition
to supporting recruitment into these longitudinal studies, AA-FAIM
pools harmonized data from participants self-identifying as Black?’
to examine factors relevant to this population. With no overlapping in
funding with the two source studies, AA-FAIM funds the science and
the researchers who use data from these source studies to answer
questions relevant to Black Americans’ brain health and ADRD risk.
For these analyses, participants were without diagnoses of Lewy body
dementia, Parkinson’s disease, epilepsy, or stroke. All participants (N =
257) had at least one qualifying cognitive assessment visit; in addition,
a subset (n = 235) had analyzed plasma samples. On average, study
participants contributed data from three cognitive testing visits and
were followed for an average of 4 years. Study participants provided
consent prior to all study visits. Study procedures were approved by

the University of Wisconsin-Madison Institutional Review Board.
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2.2 | Baseline plasma AB

PrecivityAD assays quantified baseline plasma AB42 and AB40 using a
novel liquid chromatography-tandem mass spectrometry (LC-MS/MS)
platform clinically and analytically validated elsewhere.1228.27 Mass
spectroscopy, although currently of limited availability, has been shown
to more effectively identify individuals with abnormal brain Ag burden
than immunoassay-based methods.?® Concordance has been previ-
ously established among LC-MS/MS, apolipoprotein E phenotype, and
evidence of brain amyloidosis from CSF and amyloid PET imaging.2?2
For analyses, we calculated the continuous ratio AB42/40. Lower
plasma AB42/40 values indicate higher likelihood of amyloid deposition
or brain pathology.

23 |
lIcv

Cognitive tests and calculation of baseline

Estimated baseline IICV was calculated as the standard deviation
across participants’ z scores on five cognitive tests/subtests, selected
to pair indices sensitive to hippocampal-based memory and executive
dysfunction with cognitive abilities typically well preserved in early
disease stages. Specific measures included Rey Auditory Verbal Learn-
ing Test (RAVLT)3! Total of Learning Trials, RAVLT Delayed Recall,
Trail Making Test (Trails) Parts A and B,32 and Boston Naming Test
(BNT)22 or the Multilingual Naming Test (MINT),3* depending on the
cohort. Before calculating 1ICV, Trails scores were log transformed
and multiplied by —1 such that higher scores reflected stronger cogni-
tive performance, consistent with other test scores. BNT scores were
comprised of raw BNT scores (60 item); 30-item MINT scores were
cross-walked per guidelines®> and multiplied by two to align with BNT
scores.3® These and raw scores for remaining tests were standardized
to z scores using means and standard deviations for each test using a
subsample that was cognitively unimpaired and <80 years at baseline.
The standard deviation across the five z scores was then calculated for
each participant to obtain their baseline IICV score.

Previous examinations of IICV were conducted in largely White
cohorts; therefore, to confirm IICV validity in this sample, we first
examined |[ICV performance in relation to its component measures and
three additional cognitive tests, Digit Symbol Modalities Test,3¢ Logical
Memory Il (LM2) from the Wechsler Memory Test IV, and Mini-Mental
State Examination (MMSE).3” The MMSE score comprised a combi-
nation of raw MMSE scores or a cross-walked Montreal Cognitive
Assessment3® (MoCA) to MMSE score for subjects without MMSE.3>
These frequently used measures provide valid and familiar assessment
of cognitive function not used to calculate IICV, thus reducing circu-
larity concerns. Sample sizes were smaller for these outcomes due to

changes in study protocols and testing batteries over time.

2.4 | Statistical analysis

The sample is characterized using descriptive statistics (e.g., n [%],
mean (standard deviation [SD]), median [Q1, Q3]). We utilized linear

regression to examine associations between baseline IICV and concur-
rent performance on eight cognitive outcomes (Trails A and B times
were log transformed). Models were adjusted for age, self-identified
sex, and years of education. We compared baseline [ICV and base-
line plasma AB to concurrent cognitive status (unimpaired/normal vs.
impaired) using Mann-Whitney U tests.

To test our hypothesis that baseline IICV and/or baseline plasma
AB42/40 moderate longitudinal cognitive trajectories, we utilized lin-
ear mixed-effects models testing IICV x age and plasma AB42/40 x
age interactions for each of eight cognitive outcomes (Trails A and B
times were log transformed). Fully adjusted models included age at
each assessment, and subject-specific random intercepts, plus both
IICV and plasma AB42/40 main effects and their interactions with age.
As we had a priori concerns for age, IICV, and plasma amyloid collinear-
ity, especially when including their interactions, all three covariates
were centered to the mean value of the data before use in longitudinal
analyses. For each outcome, we also ran separate submodels, includ-
ing IICV x age or plasma Aj42/40 x age interactions alone. Inference
on fixed effects (including interaction terms) was performed using the
Satterthwaite approximation for the estimates’ degrees of freedom.3?
Adjustments for education is standard in models examining cognitive
function as education is known to influence performance on cogni-
tive testing. Likewise, women outperform men on verbal tasks. For
these reasons, models were adjusted for education and self-reported
sex 4041

Sensitivity analyses of longitudinal models were performed by
including a fixed effect of birth cohort. Decade of birth (1930’s,
1940’s, etc.) was included in models as a categorical predictor. Statis-
tics and inference around the interaction of interest were calculated
again, along with the significance of cohort inclusion, determined using
likelihood ratio tests.

A series of Benjamini-Hochberg (BH)*? corrections were used
to control false discovery rate at 5%. BH correction was performed
across the eight cognitive outcomes for a given interaction of
interest (IICV x age or plasma AB42/40 x age) for a given model
(e.g., model structure included both interactions, just IICV x age or
AB42/40 x age).

3 | RESULTS

The baseline IICV sample included 257 AA-FAIM participants. A subset
of participants (n = 235) also had plasma AB42/40 data, of whom 179
had longitudinal data. On average, participants were older, middle aged
(mean age 62.2 years, SD = 10.1), well educated (mean education 14.5
years, SD = 2.6), predominantly female (69.6%), and cognitively unim-
paired (82.9%). Table 1 provides additional participant characteristics.
The cognitively unimpaired/normal group’s baseline IICV was signifi-
cantly lower than that of the combined impaired group (P = 0.0011;
Figure S1 in supporting information). Baseline plasma AB42/40 did
not differ between these groups (P = 0.49; Figure S2 in supporting
information). Plasma AB42/40 values exhibited a normal distribution.

Consistent with the general cognitive health of the sample, only five



FISCHERET AL.

TABLE 1 Participant characteristics at baseline.

Number of unique individuals included in models®
Study variables
Age, years, mean (SD), [Q1,Q3]
Visit number, mean [min, max]
Follow-up years, mean [min, max]
IICV, mean (SD)
AB42/40, mean (SD)
AB42/40 under 0.089, N (%)°
Years of education, mean (SD)
Self-identify as female, N (%)
Clinical diagnosis, N (%)©
Cognitively unimpaired
Impaired not MCI
MCI
Dementia
Apolipoprotein E genotype, N (%)
e2/e2
€2/e3
e2/e4
€3/e3
e3/e4
e4/e4
Boston Naming, median [Q1, Q3]¢
Trails A, seconds, median [Q1, Q3]¢
Trails B, seconds, median [Q1, Q3]¢
RAVLT total of learning trials, mean (SD)¢
RAVLT long delay, mean (SD)¢
Digit symbol, no. correct, mean (SD)
Logical memory, delayed recall, mean (SD)

MMSE, median [Q1, Q3]

Translational Research 50f12
Clinical Interventions
257 Missing
N (%)
62.22(10.14)[54.72, 68.48] 0(0)
3.30([1, 11] 0(0)
3.94[0,16.77] 0(0)
0.79(0.36) 12(4.7)
0.11(0.01) 22(8.6)
5(2.1) NA
14.50(2.58) 0(0)
179 (69.6) 10(3.9)
0(0)
213(82.9)
20(7.8)
15(5.8)
9(3.5)
59(23.0)
3(1.2)
28(10.9)
8(3.1)
79(30.7)
69 (26.8)
11(4.3)
50.46[48.00, 56.00] 1(0.4)
38.98[25.00,43.25] 4(1.6)
116.63[70.00, 139.00] 1(0.4)
40.13(11.01) 1(0.4)
6.93(3.95) 1(0.4)
42.82(15.45) 161 (62.6)
9.21(4.54) 157 (61.1)
27.26[26.00,29.00] 49(19.1)

2257 individuals contributed data. Models included between 56 and 245 participants.

bHu et al. identified an optimal plasma AB42/40 cut-off value of 0.089 for differentiating brain amyloid positive versus negative status.'?

“Participants’ cognitive performance and functional status were adjudicated by consensus conference and diagnoses of MCI or dementia due to suspected
AD were assigned based on National Institute on Aging-Alzheimer’s Association (NIA-AA) criteria (Albert et al.;?> McKhann et al.2¢), without reference to

biomarkers.

dDenotes indices contributing to [ICV index. IICV was calculated from cognitive tests measured at baseline. IICV represents an estimate of degree of
dispersion in performance across cognitive domains, suggesting subtle cognitive dysfunction.

Abbreviations: Ag, amyloid beta; AD, Alzheimer’s disease; Cls, confidence intervals; IICV, intra-individual cognitive variability; MCI, mild cognitive impair-
ment; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning Test; SD, standard deviation; Trails, Trail Making Test, Parts A and

B.

participants (2.1%) were amyloid positive using the plasma AB42/40 <
0.089 cut-point (Figure S2). Plasma AB42/40 was not associated with
any baseline cognitive test (Table 2). While some subject character-
istics may differ slightly, the AA-FAIM subjects who did not make it
into analyses, due to either no plasma or <2 visits, do not appear to
differ substantially from those included in analyses (Table S1 in sup-
porting information), except for age, more recent study enrollment, and

number of study visits.

3.1 | Baseline IICV but not plasma ApB42/40 is
associated with concurrent cognition

Models included between 73 and 245 participants, depending on out-
come (ns varied due to changes made in testing protocols over time).
Linear regression showed significant associations between baseline
IICV and cognitive performance for all tests except Trails A and RAVLT

total, after adjusting for covariates and multiple comparisons. Addi-
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TABLE 2 Cross-sectional associations between baseline [ICV with cognitive outcomes without and with baseline plasma AB42/40 in the model
(top two panels) and cross-sectional associations between plasma AB42/40 without and with baseline [ICV in the model (bottom two panels).

Model outcome

IICV: Plasma AB42/40 NOT in models
Boston Naming

log Trails A

log Trails B

RAVLT long delay

RAVLT learning sum

Digit Symbol

Logical Memory Il

MMSE

N subject

245
245
245
245
245

93

95
195

IICV: [ICV and plasma AB42/40 BOTH in models

Boston Naming

log Trails A

log Trails B

RAVLT long delay
RAVLT learning sum
Digit Symbol
Logical Memory Il
MMSE

Plasma AB42/40: 1ICV NOT in models
Boston Naming

log Trails A

log Trails B

RAVLT long delay
RAVLT learning sum
Digit Symbol
Logical Memory Il
MMSE

Plasma AB42/40: IICV and plasma AB42/40 BOTH in models

Boston Naming

log Trails A

log Trails B

RAVLT long delay
RAVLT learning sum
Digit Symbol
Logical Memory Il

MMSE

220
221
221
221
221

73

74
173

223
233
227
234
234

80

85
184

220
221
221
221
221

73

74
173

Beta

—2.826
0.123
0.211

-1.627

—3.454

—7.568

—2.880

-1.336

-3.214
0.162
0.220

-1.713

-3.801

—7.012

-3.624

—1.460

—47.597
-3.430
—2.740

14.082
34.070
110.491
11.295
15.738

—72.765
—2.168
0.348
-0.734
-0.732
73.022
—11.333
9.698

SE

1.199
0.068
0.077
0.646
1.779
2916
1.007
0.532

1.185
0.076
0.086
0.724
2.002
4.093
1.438
0.496

43.697
2.630
2.983

25.562

67.723

160.401

50.913

18.641

43.110
2762
3.119

26.290

72.742

165.061

56.760

18.934

tvalue

—2.357
1.808
2721

-2.518

-1.941

—2.595

—2.860

-2513

—2.713
2.135
2.566

—2.367

—1.898

—-1.713

-2.519

—2.942

-1.089
—1.304
-0.919
0.551
0.503
0.689
0.222
0.844

—1.688
—0.785
0.111
—0.028
-0.010
0.442
—0.200
0.512

Pvalue

0.0192
0.0718
0.0070
0.0125
0.0534
0.0111
0.0053
0.0128

0.0072
0.0339
0.0110
0.0188
0.0590
0.0913
0.0141
0.0037

0.2773
0.1935
0.3594
0.5822
0.6154

0.8250
0.3997

0.0929
0.4334
0.9113
0.9777
0.9920
0.6596
0.8423
0.6092

BH P value

0.0256
0.0718
0.0205
0.0205
0.0611
0.0205
0.0205
0.0205

0.0282
0.0452
0.0282
0.0301
0.0674
0.0913
0.0282
0.0282

0.7033
0.7033
0.7033
0.7033
0.7033
0.7033
0.8250

0.7431
0.9920
0.9920
0.9920
0.9920
0.9920
0.9920
0.9920

Note: Cognitive outcomes were RAVLT Total of Learning Trials, RAVLT Delayed Recall, Trail Making Test, Part A and B, and Boston Naming Test, Digit Symbol
Modalities Test, Logical Memory Il from the Wechsler Memory Test 1V, and MMSE or cross-walked Montreal Cognitive Assessment. All models included
baseline age, self-identified sex, and baseline years of education. Multiple correction was performed using Benjamini-Hochberg (BH) corrections controlling

false discovery rate at 5%. Significant adjusted P values are bolded.

Abbreviations: A3, amyloid beta; [ICV, intra-individual cognitive variability; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning

Test; SE, standard error.
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tionally, all beta estimates were in the hypothesized direction, that is,
higher IICV was associated with worse cognitive performance (Table 2;
see Table S2 in supporting information for full results). Baseline plasma
AB42/40 was not significantly associated with any cognitive outcome
(Table 2).

3.2 | Pattern suggested potential associations
between baseline plasma AB42/40 but not IICV and
longitudinal cognitive decline

Models included between 163 and 656 observations from 56 to 171
participants out of a total of 179 unique participants with plasma (ns
varied due to changes made in testing protocols over time). Linear
mixed effects models examining associations of [ICV only with longi-
tudinal cognitive trajectory revealed that the IICV x age interaction
was not significant after adjustment for multiple comparisons for any
outcome.

A pattern emerged for baseline plasma AB42/40 x age interac-
tion and Trails A and B and potentially RAVLT, with lower baseline
plasma AB42/40 associated with worse cognitive performance over
time. However, these results did not survive correction for multiple
comparisons (Table 3; see Table S3 in supporting information for full
model results). In sensitivity analyses, decade cohort was significant
in several models (Table S4 in supporting information) but had min-
imal impact on overall results around the IICV and plasma AB42/40
interactions with age; the IICV interaction findings are unchanged, and
the interaction significance for plasma AB42/40 was reduced, but the
estimate was similar. Figure 1 depicts performance over time on log
Trails A and log Trails B at three levels of AB42/40 with and without
IICV x age in the models (Figure S3 in supporting information shows the
original measurement scale). Figure 2 depicts performance over time
on RAVLT total at the same three levels of AB42/40, with and without
IICV x age in the model. Model results suggested lower baseline plasma
AB42/40 was associated with worse performance over time in all cases.
All simple age slopes are calculated for women with 14 years education
(sample median).

4 | DISCUSSION

In this cohort—consisting of mostly cognitively unimpaired Black
Americans—baseline 1ICV but not baseline AB42/40 was associated
with most tasks of concurrent cognitive function. By contrast, poten-
tial associations between baseline plasma AB42/40 and longitudinal
trajectory of executive function and verbal learning were noted, but
only before making corrections for multiple comparisons. Our results
provide preliminary evidence that AB42/40 and IICV may play comple-
mentary roles in identifying early and subtle AD-associated changes,
that s, preclinical AD.

Although findings were nonsignificant after correcting for multi-
ple comparisons, the overall pattern of results is consistent with our

group’s previous findings revealing similar associations between CSF

Clinical Interventions

AB42/40 and cognitive changes**® and add to the growing body of
evidence indicating that plasma ApB42/40 is an effective means of
detecting early amyloid pathology.” ! To our knowledge these are
among the first data examining associations between plasma AB and
longitudinal cognitive performance in a sample of Black middle-aged
adults. Importantly, baseline plasma AB42/40 values for the sample
were largely above the published cut-point indicating pathology.2?
Nonetheless, if replicated in other samples, results suggest potential
associations between AB42/40 values and cognitive trajectory. That
is, even among largely cognitively healthy individuals, baseline plasma
AB42/40 may be associated with modest declines in performance of
executive function and learning tests over time.

Partially consistent with previous findings,'?-2! baseline ICV was
associated with most tasks of concurrent cognitive function, extend-
ing the relationship across racialized groups. Unexpectedly, baseline
IICV was not associated with longitudinal cognitive decline. Never-
theless, we maintain that [ICV offers potential as a valuable marker;
cognitive evaluation provides unique and timely information about
the real-world manifestation of AD in individuals. Reflecting a per-
son’s unique brain physiology, cognitive performance and variability
are likely to manifest differently within and across individuals over
time, perhaps explaining why IICV provided complementary informa-
tion to the measurement of biological disease processes in our models.
Future analyses with a larger sample, longer follow-up, or possibly dif-
ferent cognitive domains are needed to investigate IICV and cognitive
trajectory more comprehensively across racialized groups.

Our study is novel from several perspectives. First and foremost,
our findings address the broader question of whether AD biomark-
ers can be effectively used and consistently applied across historically
under-included groups.?* These results suggest that previously pub-
lished findings regarding plasma amyloid biomarkers in predominantly
non-Hispanic White samples likely apply to Black Americans as well.
Notably, recent findings from another cohort of non-Hispanic Whites
and Black Americans suggest that while plasma AB42/40 consis-
tently predicted CSF AB42/40 across self-identified racialized groups,
other plasma biomarkers, including phosphorylated tau (p-tau)181,
p-tau231, and neurofibrillary tangle levels were not as consistently
aligned.2 Moreover, recent evidence suggesting differences in plasma
AB42/40 levels between racialized groups carrying the same neurocog-
nitive diagnoses (e.g., MCl and dementia) underscores the importance
of this ongoing work.? In total, expansion of biomarker research in
Black American cohorts** represents an essential next step to ensure
that biomarkers accurately and consistently predict AD pathology
across diverse populations.

Developments in disease-modifying therapies adds urgency to
efforts to detect AD in its preclinical stages, allowing for early inter-
vention. Advances in technological sensitivity could be instrumental in
detecting individuals at risk for decline at very early disease stages.
With refinements and confirmation across racialized groups, they offer
a possible means to treat disease pathology before it manifests clini-
cally or before it progresses. For example, plasma AB42/40, perhaps
combined with IICV, could be used to appropriately identify patients

with evolving amyloid pathology for whom interventions targeting
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TABLE 3 Longitudinal associations between baseline IICV and cognitive trajectory (i.e., assessing IICV x age interactions) without and with
baseline plasma AB42/40 and its interaction with age in the models (top two panels) and longitudinal associations between plasma AB42/40 and
cognitive trajectory (i.e., assessing plasma x age interactions) without and with baseline IICV and its interaction with age in the model (bottom two

panels).

Model outcome N subject

IICV X age interactions: plasma AB42/40 NOT in models

Boston Naming 159
log Trails A 164
log Trails B 162
RAVLT long delay 169
RAVLT learning sum 171
Digit Symbol 66
Logical Memory Il 68
MMSE 157

IICV x age interactions: plasma A342/40 x age and [ICV BOTH in models

Boston Naming 143
log Trails A 147
log Trails B 145
RAVLT long delay 155
RAVLT learning sum 156
Digit Symbol 56
Logical memory Il 57
MMSE 140

Plasma AB42/40 x age interactions: [ICV NOT in models

Boston Naming 147
log Trails A 152
log Trails B 146
RAVLT long delay 158
RAVLT learning sum 159
Digit Symbol 56
Logical Memory Il 58
MMSE 144

N obs

577
596
575
648
656
189
194
540

519
536
515
593
599
163
166
482

531
550
519
603
609
163
168
495

Beta

-0.102
0.012
0.013
0.011
0.125

—0.305

—0.068

—-0.019

—-0.148
—-0.001
0.004
0.024
0.225
0.145
0.117
0.031

3.549
—-0.450
—-0.685

0.595

8.691

17.858
-0.412
1.038

Plasma AB42/40 x age interactions: plasma AB42/40 and [ICV BOTH in models

Boston Naming 143
log Trails A 147
log Trails B 145
RAVLT long delay 155
RAVLT learning sum 156
Digit Symbol 56
Logical Memory Il 57
MMSE 140

519
536
55
593
599
163
166
482

1.917
—0.536
-0.627
1.091
11.941
20.659
3.002

1.601

SE

0.105
0.007
0.007
0.061
0.174
0.364
0.135
0.039

0.122
0.008
0.009
0.069
0.194
0.460
0.175
0.047

3.671
0.249
0.261
2.138
6.220
11.777
4.306
1.612

3.843
0.260
0.277
2.209
6.282
13.910
5.492
1.580

tvalue

—0.966
1.713
1.726
0.174
0.718

-0.837

—0.504

-0.475

-1.214
—0.084
0.431
0.345
1.158
0.316
0.670
0.654

0.967
—1.806
—2.625

0.278

1.397

1.516
—0.096

0.644

0.499
—2.066
—2.268

0.494

1.901

1.485

0.547

1.013

P value

0.3345
0.0877
0.0855
0.8620
0.4737
0.4038
0.6156
0.6355

0.2255
0.9335
0.6665
0.7306
0.2482
0.7524
0.5050
0.5139

0.3342
0.0719
0.0092
0.7811
0.1634
0.1319
0.9241
0.5205

0.6181
0.0397
0.0242
0.6217
0.0584
0.1396
0.5862
0.3121

BH P value

0.7263
0.3507
0.3507
0.8620
0.7263
0.7263
0.7263
0.7263

0.8599
0.9335
0.8599
0.8599
0.8599
0.8599
0.8599
0.8599

0.5347
0.2877
0.0734
0.8927
0.3269
0.3269
0.9241
0.6940

0.6217
0.1558
0.1558
0.6217
0.1558
0.2793
0.6217
0.4994

Note: Cognitive outcomes were RAVLT Total of Learning Trials, RAVLT Delayed Recall, Trail Making Test, Part A and B, and Boston Naming Test, Digit Symbol
Modalities Test, Logical Memory Il from the Wechsler Memory Test IV, and MMSE or cross-walked Montreal Cognitive Assessment. All models included
age at each assessment, self-identified sex, baseline years of education, and subject-specific random intercepts and main effects for interaction compo-
nents. Multiple correction was performed using Benjamini-Hochberg (BH) corrections controlling false discovery rate at 5%. Significant adjusted P values

are bolded.

Abbreviations: A3, amyloid beta; IICV, intra-individual cognitive variability; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning

Test; SE, standard error.
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Log Trails A predictions for females, 14 years education, median baseline 1ICV

Plasma & IICV in model
4.25-

0.020 (0.058)

4.00-

3.75-

3.50-

3.25-

Estimated Log of Trails A mean with 95% CI

3.00-

50 60 70 80
Age (years)

0.013 (0.037)
0.005 (0.053)

Plasma in model

0.013 (0.038)
0.007 (0.055)

50 60 70 80

AB 42/40 \% 10th E] 50th E 90th

percentile

FIGURE 1

Model-predicted log Trails A and B means for varying A342/40 values. Depiction of the model estimated AB42/40 by age

interaction behavior, showing the model predicted means with 95% Cls for different ages and A42/40 quantiles, while keeping self-identified sex
(female) and years of education (14 years) held constant at their median values at the population level (i.e., unconditional with respect to random
effects). Lower percentile represents lower AB42/40 ratio. For each test (Trails A and B) two panels display the estimated behavior for model with
IICV accounted for and set to the median in the data (main effects and its interaction with age; Panels A and C), versus models in which [ICV is not
included in any covariate (Panels B and D). Trails A and B performances measured as time to complete. Longer time (higher value) represents worse
performance. Figures are annotated to indicate simple age slope (SE) at each level of AB42/40 (SE is calculated at the sample mean age of 64 years).
A woman with 14 years education whose AB42/40 value was equal to the 10th percentile would be expected to take approximately 7 seconds
longer to complete Trails A at age 70 then she did at age 60 and 30 seconds longer to complete Trails B. If she had AB42/40 values equal to the 90th
percentile she would be expected to take 2 more seconds to complete trails A and 2.5 more seconds to complete Trails B by age 70. A3, amyloid
beta; Cls, confidence intervals; IICV, intra-individual cognitive variability; SE, standard error; Trails, Trail Making Test, Parts A and B

amyloid would be most efficacious. Ensuring accurate preclinical iden-
tification for Black Americans will be essential to address the ADRD
disparities.

Advances in blood-based biomarkers and the use of cognitive
assessments to inform associations present an opportunity to move
data collection out of the laboratory and into the community. In
contrast to neuroimaging and CSF collection, which are invasive,
expensive, time consuming, and require specialized staff and equip-
ment, blood draw is readily accessible. The AA-FAIM study recently
started collecting blood at community locations, implementing pre-
analytical processing protocols,*> and demonstrating the feasibility of
expanding access to blood-based biomarkers. Additionally, estimating
risk using IICV could be accomplished with remote or technologi-
cally assisted assessments—a process even more readily disseminated
than blood collection. Thus, blood-based biomarker research with brief
cognitive assessment could offer a practical, low cost, non-invasive,
person-centered strategy for broad population assessment, and a
means to mitigate significant barriers to participation in AD biomarker
research,®46 the desired outcome of which would be reduced disease
burden for Black Americans.

Our study’s limitations warrant acknowledgement. Our present

sample size is small, and we did not have reference standards for

most AA-FAIM participants (i.e., amyloid status confirmed by PET or
CSF). Given available assay methods, we focused on AB42/40, but
acknowledge that future analysis of additional biomarkers such as
p-tau may be fruitful. Still, AB42/40 is likely to be included with future
efforts to measure tau isoforms, making it still important to clarify its
predictive value. Another limitation is that the mean age of participants
was relatively young, reducing the likelihood of subsequent cognitive
decline in the 4-year study period, and observed cognitive decline was
modest. Our AA-FAIM cohort was established relatively recently; we
anticipate that as our sample size increases and the cohort ages, data
will become increasingly informative about preclinical disease in Black
Americans. For example, Black Americans made up 4.4% of the sample
on which C,N Diagnostics developed their recommended AB42/40

threshold (see Hu et al.12)

, calling into question the generalizability of
that threshold. In the future, we will have the opportunity to address
this knowledge gap by validating plasma biomarkers with amyloid
PET imaging. While the theoretical concepts behind [ICV are well
established, the battery of cognitive tests used to construct IICV and
the reference standard for test score standardization are not yet
established and vary across studies. Here we relied on methods used
in our previous work.1?-21 Additionally, we tried to maximize power

at each stage by using all available data, with the trade-off that the
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RAVLT Learning Sum predictions for females, 14 years education, median baseline 1ICV

Plasma & lICV in model

0.100 (1.272)
50- -0.066 (0.902)

-0.233 (1.344)

Estimated RAVLT Learning Sum mean with 95% CI

50 60 70 80

Plasma in model

0.055 (1.327)
-0.065 (0.909)

-0.187 (1.400)

50 60 70 80

Age (years)

AB 42/40 | 1oty E] 50th =] ootn

percentile

FIGURE 2 Model-predicted RAVLT Total of Learning Trials means for varying A342/40 values. Direction of the model estimated by AB42/40
by age interaction behavior, showing the model predicted means with 95% Cls for different ages and A342/40 quantiles, while keeping
self-identified sex (female) and years of education (14 years) held constant at their median values, at the population level (i.e., unconditional with
respect to random effects). The two panels in the figure display the estimated behavior for models with IICV accounted for and set to the median in
the data (main effects and its interaction with age, Panel A), versus the model where IICV is not included in any covariate (panel B). RAVLT
performance measured as number correct. Lower number correct (lower value represents worse performance). Figures are annotated to indicate
simple age slope (SE) at each level of AB42/40 (SE is calculated at the sample mean age of 64 years). A 60-year-old woman with 14 years education
whose AB42/40 was equal to the 10th percentile would be expected to decline by 2 points on RAVLT total by age 70; if the woman'’s A342/40 was
equal to the 90th percentile she would be expected to gain 1 point over 10 years. AS, amyloid beta; Cls, confidence intervals; IICV, intra-individual
cognitive variability; RAVLT, Rey Auditory Verbal Learning Test; SE, standard error

variable N between models with and without plasma and/or [ICV
can make it difficult to fully understand differences between results.
Ninety-three subjects could not be included in analyses for various
reasons, with the vast majority of these participants only having
one visit (73/93), and thus our sample is biased to exclude recent
recruitment into the study (Table S1). Results need to be interpreted
knowing that participants were predominantly cognitively healthy,
and mostly outside published ranges defining pathological plasma
AB42/40 levels. Also, while cohort effects were not the focus of this
paper, inclusion of birth decade cohort is commonly significant in
longitudinal models; in our analyses, cohort inclusion appeared mainly
to affect findings around the plasma x age interactions for the Trails
A outcome (Table S4). Still, trajectory effects discussed in this paper
should be considered a mixture of aging and cohort effects. As noted,
the findings regarding longitudinal decline described above were
nonsignificant after multiple comparisons. Finally, participants were
highly educated, representing a convenience sample from a university
town, albeit a largely community-based sample. Additional research
is needed to further examine how these findings generalize to the
larger Black community. Notably, racialized group membership is not

an exact reflection of one’s experiences and exposures, and socially

assigned race is just one axis of identity. Future AD research will need
to leverage participants’ multiple intersecting identities.

Using data from a sample comprised entirely of self-identified
Black Americans offers a step toward reducing racial disparities in
AD research and provides the basis for further examination of AD in
Black Americans using blood-based biomarkers. In taking this step we
argue that the research community can no longer be satisfied with
non-inclusive samples; studies must fully represent the population to
which they are intended to generalize. Importantly, we move away
from positioning non-Hispanic Whites as the standard to which under-
represented groups should be compared, while acknowledging that
given well known recruitment biases, no one sample can generalize to
all Black Americans.*” While improved recruitment efforts have been
used in AA-FAIM and other ADRC-related grants, time is needed to
build trust and gain greater and longer participation, as indicative of
our relatively small and young sample. Altogether, this and continued
analyses are needed for Black participants and patients to be reassured
that AD biomarker findings are relevant for them.®

To conclude, these preliminary findings suggest that in a largely cog-
nitively unimpaired Black cohort, an initial pattern emerged linking

plasma AB42/40 and executive function and memory trajectory but did
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not survive correction for multiple comparisons. On the other hand,
IICV was associated with most tasks of concurrent cognitive function.
Our findings are promising; if replicated they suggest that with a 30
minute visit individuals could provide practical information to identify
potential AD disease risk. By facilitating accessible research and con-
tinuing to recruit Black Americans, we will improve confidence that
findings apply to the entire population and more effectively identify
and treat preclinical ADRD for populations currently caught between

under-inclusion in research and over-representation in disease burden.
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