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Introduction: We sought to examine a magnetic resonance imaging (MRI)-based

work among a multi-ethnic, community-dwelling cohort.

" HABLE Study Team (now HABS-HD Team): Methods: Community-dwelling Mexican Americans and non-Hispanic White adults
MPIs: Sid E. O'Bryant, Kristine Yaffe, Arthur
Toga, Robert Rissman, & Leigh Johnson; and
the HABLE/HABS-HD Investigators: Mered- including an interview, functional exam, clinical labs, informant interview, neuropsy-
ith Braskie, Kevin King, James R. Hall, Melissa
Petersen, Raymond Palmer, Robert Barber,
Yonggang Shi, Fan Zhang, Rajesh Nandy, Rod- interest (ROI) biomarker for the AT(N) framework was calculated.
erick McColl, David Mason, Bradley Christian,
Nicole Philips, Rocky Vig, Raul Vintimilla,
Stephanie Large, Mark Mapstone, Michelle rienced N at significantly younger ages. The N biomarker was significantly associ-
Mielke, Joseph Lee, Ozioma Okonkwo, Amy
Kind, Monica Rivera-Mindt, Rema Raman,
Michael Donohue, and Car! Hill. (e.g., total cholesterol, low-density lipoprotein) among non-Hispanic Whites whereas

and elders were recruited. All participants underwent comprehensive assessments

chological testing and 3T MRI of the brain. A neurodegeneration MRI meta-region of

Results: Data were examined from n = 1305 participants. Mexican Americans expe-

ated with cognitive outcomes. N was significantly impacted by cardiovascular factors

diabetes (glucose, HbA1c, duration of diabetes) and sociocultural (household income,

acculturation) factors were strongly associated with N among Mexican Americans.
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1 [ BACKGROUND

The 2018 AT(N) research

framework® provided the field with the first-ever biological-based

(amyloid/tau/neurodegeneration)

system for studying Alzheimer’s disease (AD). The presence of the
AT(N) framework itself represents a tremendous advancement for
the field and is only possible due to the advancement of technology
capable of examining the core pathological markers of amyloid (A),
tau (T), and neurodegeneration (N) among living individuals rather
than having to wait until autopsy. While far from clinical practice, this
framework is the underlying foundation for many clinical trials as well
as the therapeutic discovery and pipeline approaches for many labs
globally (academic and industry). However, as noted in the framework
publication itself, there is a significant need to examine each of these
markers among diverse populations.t

The representation of ethnic and racially diverse communities in the
research that investigates these advanced A, T, and N biomarkers is
incredibly sparse.? This situation is problematic because prior work
in other areas demonstrates that biomarkers that guide therapeutics
are impacted by race/ethnicity. As an example, BRCA mutations have
been studied extensively for clinical diagnosis, treatment, and preven-
tion of BRCA-related cancers; however, most of these data (and clini-
cal guidelines) are based on non-Hispanic White populations.® Recent
data show that race and ethnicity impact the prevalence of BRCA muta-
tions meaning that the non-Hispanic White-based clinical guidelines
may not be appropriate.®~> Existing data also suggest that the preva-
lence and possible diagnostic utility and cut-scores for pathological AD
biomarkers may vary by race and ethnicity.®"? Therefore, if the A, T, and
N biomarkers are to effectively guide clinical trial design (and future
clinical practice), a comprehensive understanding of their prevalence,
sequence, timing, and clinical impact needs to be determined across
diverse populations.

According to 2019 Census Bureau data,’ Hispanics make up the
largest minority population in the United States. In fact, ~50% of the
US population growth from 2010 to 2019 was due to an increase in
the Hispanic population.’’ The percentage of Hispanics aged 65 and
older will triple by the year 20502 and this ethnic group will experi-
ence the largest increase in AD and AD-related dementia (ADRD) diag-
noses among any racial/ethnic group by 2060.13 Approximately 65% of
Hispanics in the United States are of Mexican American ethnicity; 14
however, few studies have explicitly examined mild cognitive impair-
ment (MCI) and AD among Mexican Americans. Here we investigated
N from the AT(N) framework among Mexican Americans compared to

non-Hispanic Whites.

Discussion: The prevalence, progression, timing, and sequence of the AT(N) biomark-

ers must be examined across diverse populations.

Alzheimer’s disease, amyloid, biomarkers, diversity, Hispanic, Mexican American, mild cognitive
impairment, neurodegeneration

Even though the link between magnetic resonance imaging (MRI)-
based measures of N and cognitive loss has been studied extensively,
few studies have been conducted on this topic among Hispanics. There-
fore, here we provide a comprehensive examination of the Jack et al. 1°-
defined “meta ROI [regions of interest],” which comprises the entorhi-
nal cortex, fusiform, inferior temporal, and middle temporal gyri and
serves as ameasure of N biomarker in the AT(N) framework. As pointed
out in the AT(N) framework,! the N biomarker is non-specific and likely
reflective of comorbidities. Given our prior work showing that Mexi-
can Americans: (1) are diagnosed with cognitive impairment at signifi-
cantly younger ages, (2) suffer from disproportionate levels of medical
comorbidities, (3) have lower rates of the apolipoprotein E (APOE) ¢4
genotype, and (4) have a different proteomic profile of AD compared to
non-Hispanic Whites, we hypothesized that the MRI-based meta-ROI
N biomarker would be different among Mexican Americans compared
to non-Hispanic Whites from the Health and Aging Brain among Latino
Elders (HABLE) study.

2 | METHODS

2.1 | Participants & assessment

The HABLE study is an ongoing, longitudinal, community-based project
examining health disparities in MCI and AD among Hispanic, Mexi-
can Americans. HABLE methods have been previously publishedé and
are briefly outlined. Inclusion criteria for the study includes (1) self-
reported ethnicity of Mexican American or non-Hispanic White, (2)
willingness to provide blood samples, (3) capability of undergoing neu-
roimaging studies, (4) age 50 and above, and (5) fluent in English or
Spanish. Exclusion criteria includes (1) type 1 diabetes, (2) presence
of active infection, (3) current/recent (12 month) cancer (other than
skin cancer), (4) current severe mental illness that could impact cog-
nition (other than depression), (5) recent (12 months) traumatic brain
injury with loss of consciousness, (6) current/recent alcohol/substance
abuse, (7) active severe medical condition that could impact cognition
(e.g., end stage renal failure, chronic heart failure, chronic obstructive
pulmonary disease), and (8) current diagnosis of dementia other than
AD. Participant recruitment for HABLE includes a community-based
participatory research (CBPR) approach.’” The CBPR approach has
been used successfully as a recruitment modality for reaching under-
served and minority populations. It involves collaborating with local
communities through outreach (holding community events, seminars),
word of mouth, marketing modalities (newspaper, television, radio),
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and providing information (clinical lab work, MRI clinical reads, neu-
ropsychological test results) to the participants and their health-care
providers. The HABLE protocol includes an interview, functional exam,
blood draw for clinical labs and biobanking, neuropsychological testing,
and 3T MRI of the brain. A subset of participants (n = 55) underwent
amyloid positron emission tomography (PET) scans using florbetaben
(18F) as part of a pilot study with all participants currently undergoing
amyloid PET scans at follow-up visits. All aspects of the study protocol
can be conducted in Spanish or English. Participants are provided with
the opportunity to select the language (Spanish or English) in which
they would like to conduct the entirety of the interview and neuropsy-
chological assessment. The full neuropsychological assessment is com-
pleted in the language selected (Spanish or English) and participants
are not provided with an opportunity to switch between languages dur-
ing the assessment. Participants provide a self-report regarding race
and ethnicity. For this study, only those who self-identified as His-
panic Mexican American, and thus deriving from Mexico, were included
in this study and analysis outlined below. The HABLE study is con-
ducted under institutional review board approved protocols and each
participant (or his/her legal representative) signs written informed

consent.

2.2 | Interview and neuropsychological assessment

An interview is conducted as part of the HABLE protocol, which
includes a self-report of race and ethnicity, education level, sex, annual
household income, as well as questionnaires regarding acculturation
(12-item Short Acculturation Scale for Hispanics [SASH]'81?), social
support (12-item Interpersonal Support Evaluation List [ISEL-12]20),
and chronic stress (8-item Chronic Burden Scale?!). The neuropsycho-
logical test battery includes the following: Mini Mental Status Exam
(MMSE),22 Wechsler Memory Scale-Third Edition (WMS-II1) Digit Span
and Logical Memory,?® Digit Symbol Substitution, Trail Making Test
Parts A and B,2* Spanish-English Verbal Learning Test (SEVLT),2° Ani-
mal Naming (semantic fluency),2> F-A-S Test (phonemic fluency)?® as
well as the American National Adult Reading Test (English-speakers),2”

),28 and 30-item Geriatric

Word Accentuation Test (Spanish-speakers
Depression Scale. An informant interview is also conducted for com-
pletion of the Clinical Dementia Rating (CDR) scale! by clinicians
with expertise in dementia to evaluate functional declines. Norma-
tive references?? for the neuropsychological assessments included an

adjustment for age and education.

2.3 | Diagnostic classification

Cognitive diagnoses are assigned algorithmically (decision tree) and
verified at consensus review as follows: normal control (NC) = no cog-
nitive complaints, CDR sum of boxes score of O, and cognitive tests
scores broadly within normal limits (i.e., performance greater than that
defined as meeting diagnostic criteria for MCl [i.e,, <= 1.5 standard

deviations below the normative range]); MCI: cognitive complaint (self

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic Review: The authors used traditional (e.g.,
PubMed) sources. Hispanics are the largest ethnic minor-
ity group in the United States; however, this population
remains underrepresented in Alzheimer’s disease (AD)
research. The Health & Aging Brain among Latino Elders
(HABLE) study was created to study a broad range of fac-
tors contributing to health disparities in mild cognitive
impairment (MCI) and AD among Mexican Americans, the
largest segment of the US Hispanic population.

2. Interpretation: Our findings demonstrate that the
neurodegeneration (N) biomarker from the AT(N) (amy-
loid/tau/neurodegeneration) framework is different
among Mexican Americans compared to non-Hispanic
Whites. The underlying contributing factors to N among
Mexican Americans were diabetes and sociodemo-
graphic in nature compared to the cardiovascular and
cerebrovascular factors among non-Hispanic Whites.

3. Future Directions: The life course trajectory of N will be
examined to identify appropriate, timely, and ethnically
appropriate intervention strategies.

or other), CDR sum of boxes score between 0.5 and 2.0, and at least one
cognitive test score falling < = 1.5 standard deviation below normative
ranges; dementia: CDR sum of boxes score > = 2.5 and at least two cog-
nitive test scores 2 standard deviations below normative ranges. Med-
ical diagnoses are assigned by licensed professionals (NP, DO, and/or
MD) during consensus review based on fasting clinical labs, objective
measures, self-report, and current medications. Clinical labs were con-

ducted by Quest Diagnostics.

2.4 | Neuroimaging

24.1 | MRI data

The HABLE MRI protocol is based on that of Alzheimer’s Disease Neu-
roimaging Initiative 3 (ADNI3) using a 3T Siemens Magnetom SKYRA
whole-body scanner. We acquired the following scan sequences:
T1-weighted whole brain volumetric spoiled magnetization-prepared
rapid gradient (MPRAGE), whole brain volumetric fluid attenuated
inversion recovery (FLAIR), susceptibility-weighted imaging (SWI), dif-
fusion tensor MRI (dMRI), 3D arterial spin labeling (3DPASL), resting-
state functional (rsfMRI), and high-resolution (0.4 x 0.4 mm x 2 mm)
T2-weighted hippocampal high resolution (HHR) scans. For this study,
the N component of the AT(N) framework!> was examined as outlined
by Jack et.al.’® as the “meta-ROI,” which comprises the surface-area
weighted average of the mean cortical thickness in individual ROIls

of the entorhinal cortex, fusiform, inferior temporal gyri, and middle



40f11 Diagnosis, Assessment

O’BRYANT ET AL.

Disease Monitoring

temporal gyri. N+ was determined based on a cut-off of 2.68 mm
for cortical thickness.'® Participants who failed quality checks (quality
assurance [QA]) for the FreeSurfer software version 5.3.0 segmenta-
tion for at least one of the individual ROI sections (referenced above)
were excluded when calculating meta-ROI. Meta-ROI was calculated
based on the sum of each region in each hemisphere times the surface
area for that region divided by the sum of surface areas for all regions
included.

2.4.2 | PET scans

In a pilot study, n = 61 participants underwent amyloid positron
emission tomography (PET) scans using Siemens Biograph Vision 450
whole-body PET/computed tomography (CT) scanner following the
ADNI3 protocol for florbetaben scans. Scans were processed to derive
standardized uptake value ratio (SUVR) levels at the University of
Southern California Stevens Neuroimaging and Informatics Institute
per ADNI protocols, using FreeSurfer-derived ROls and whole cerebel-
lum as the reference region. Consistent with the ADNI3 protocols, a
global ROl was composed of frontal, anterior/posterior cingulate, lat-
eral parietal, and lateral temporal cortex. A global SUVR >1.08 was
considered to be amyloid positive, which is consistent with the ADNI3

protocol cut-off.

2.5 | Blood collection and processing procedures
Fasting blood collection and processing were completed based on
the international guidelines for AD biomarker studies and processed
within 2 hours (stick-to-freezer).%% Plasma neurofilament light chain
(NfL), amyloid beta 40 (AB)40, AB4o, and total tau (t-tau) were assayed
using the ultra-sensitive Simoa (single molecule array) technology
platform HD-1 (Quanterix.com). The ITR Biomarker Core has con-
ducted >5000 assays using this platform and all coefficients of vari-
ability (CVs) were <4%. Average CV for AB49 was 0.043 pg/mL (low-
est limit of detection [LLOD] = 0.196 pg/mL; highest limit of detection
[HLOD] = 560 pg/mL), AB4o was 0.043 pg/mL (LLOD = 0.045 pg/mL;
HLOD = 240 pg/mL), t-tau was 0.061 pg/mL (LLOD = 0.019 pg/mL;
HLOD = 400 pg/mL), and NfL was 0.038 pg/mL (LLOD = 0.038 pg/mL;
HLOD = 1800 pg/mL).

2.6 | Statistical analyses

Statistical analyses were conducted in SPSS 25 (IBM) and R.1> Group
differences between ethnicities (Mexican American, Non-Hispanic
White) were examined using independent t-tests and Mann Whit-
ney U and Chi square tests, the latter for non-normally distributed
data for categorical (presence hypertension [dHTN] [yes/no], diabetes
[yes/no], dyslipidemia [dDLP], sex) and continuous variables (age, edu-
cation, N, N+). Pearson correlations were then conducted to examine

correlations among demographic characteristics (age, sex, education),

social and behavioral factors (household income, acculturation, social
support, chronic stress, and depression), medical conditions and their
duration (diabetes mellitus [dDm], dHTN, dDLP), cerebral A and AT(N)
plasma biomarkers, and an MRI-based measure of N (i.e., “meta-ROl”
defined previously). Univariate analyses were conducted to examine
potential interaction effects of ethnicity and select independent vari-
ables on the primary outcome N. Linear regression models were fur-
ther used (in separate analyses) to examine the impact of social and
behavioral factors, medical conditions, duration of medical conditions,
and plasma biomarkers on N. Logistic regressions were also conducted
with covariates of age, sex, and education to examine the predictive
ability of N in detecting cognitive impairment (MCI, dementia). Covari-
ates of age, sex, and education were included across all models. Statisti-
cal significance was set at P < .05 unless otherwise specified to correct

for multiple comparisons.

3 | RESULTS

Of the total n = 1761 actively enrolled participants, a total of n = 1305
participants had all requisite data (i.e., passed all QA for all bilateral
reference regions of interest for calculation of the weighted meta-
ROI) for inclusion in the current analyses (Mexican American n = 688,
non-Hispanic White n = 617). The Mexican American group was sig-
nificantly younger (P < .001) and obtained fewer years of education
(P < .001) than non-Hispanic Whites. There was also a significant sex
difference between groups with a higher number of females included
among those who self-reported as Mexican American (P < .001). Addi-
tionally, differences in medical comorbidities were found with Mexican
Americans being more likely to have a diagnosis of diabetes (P < 0001)
than non-Hispanic Whites. A significant difference was also found
between groups regarding social and behavioral factors with Mexican
Americans reporting lower mean household annual incomes (P <.001),
lower social support (P < .001), lower acculturation (P < .001), and a
higher number of depression symptoms (P < .001) compared to non-
Hispanic Whites. Mexican Americans also reported lower levels of
chronic stress (P = .043) than non-Hispanic Whites. Regarding plasma
biomarkers of AB, tau, and neurodegeneration (NfL), Mexican Ameri-
cans were found to have lower mean levels of plasma NfL (P <.001) and
AB4o (P <.001), along with higher levels of t-tau (P =.001) compared
to non-Hispanic Whites. A mean difference was not found for Af4,
(P =.096), N (P=.081), or N+ (P =.389) between ethnic groups. On
neuropsychological test performance, mean differences were found
between ethnic groups with Mexican Americans performing lower

across all cognitive domains (P <.001; see Table 1).

3.1 | Demographic factor impact on N

Age was found to be significantly negatively correlated with the MRI-
based N marker (r2 = -0.40, P < .001) such that greater neurodegen-
eration was found with increasing age; however, no significant cor-

relation was found for education (P > .05). Females were found to
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TABLE 1 Descriptive statistics of cohort (n = 1305)

Age, mean (SD)

Range

Education, mean (SD)

Range

Sex, N (% female)
Hypertension (HTN), N (% yes)
Diabetes mellitus (DM), N (% yes)
Dyslipidemia (DLP), N (% yes)
Household income, mean (SD)
Range

Chronic stress, mean (SD)
Range

Social support, mean (SD)

Range

Acculturation—SASH total, mean (SD)

Range

Depression—GDS-30, mean (SD)
Range

Plasma NfL, mean (SD)

Range

Plasma AB40, mean (SD)

Range

Plasma AB42, mean (SD)

Range

Plasma total tau, mean (SD)
Range

N (meta-ROI), mean (SD)

Range

N-+, N (%)

Cognitive diagnosis

Normal controls, N (%)

MCI, N (%)

Dementia, N (%)

MMSE, mean (SD)

Range

WMS-III digit span, mean (SD)
Range

Trail Making Test Part A, mean (SD)
Range

Trail Making Test Part B, mean (SD)
Range

F-A-S, mean (SD)

Range

Total cohort
66.05 (8.64)
50-92
12.37(4.73)
0-20

836 (64%)
810 (62%)
325 (25%)
849 (65%)
$60,638.28 (73459.94)
0-1,000,000.00
7.20 (6.65)
0-37
40.70(6.31)
16-48
3.54(1.77)

1-5

5.58(5.79)
0-29
19.34(13.84)
0.64-209.00
252.71(68.40)
51-627
12.06(3.35)
3.56-30.90
2.48 (1.09)
0.17-17.60
2.72(0.14)
2.01-3.12

435 (33%)

1059 (81%)
168 (13%)
78 (6%)
27.34(3.31)
3-30

13.66 (4.29)
1-29

44.17 (25.64)
15-150
129.05(85.77)
25-300
31.84(12.25)
1-67

Mexican American
N =688

63.60(7.91)
50-91
9.62(4.58)
0-20

480 (70%)
443 (64%)
251 (36%)
460 (67%)
$37,460.77 (52263.47)
0-800,000.00
6.85(6.50)
0-32
39.80(6.34)
19-48
2.26(1.56)
1-5
6.41(6.14)
0-29
17.41(12.87)
0.64-123.0
241.98(70.37)
51-627
11.87(3.51)
3.82-30.90
2.60(1.08)
0.58-16.00
2.73(0.14)
2.01-3.07

222 (32%)

532(77%)
106 (15%)
50 (7%)
26.11(3.71)
3-30

11.50 (3.60)
1-25
50.22(29.01)
16-150
158.21(93.10)
25-300
27.57 (11.00)
1-65

Non-Hispanic White
N=617

68.77 (8.62)
50-92
15.43(2.46)
7-20

356 (58%)
367 (60%)

74 (12%)

389 (63%)
$86,190.99 (84240.66)
0-1,000,000.00
7.60 (6.80)
0-37
41.71(6.14)
16-48
4.97(0.20)

1-5

4.66(5.24)
0-29
20.78(13.94)
4.52-209.00
267.18 (64.73)
63.2-560
12.18(3.10)
3.92-29.20
2.39(1.13)
0.29-17.60
2.71(0.15)
2.04-3.12

213 (34%)

527 (85%)
62 (10%)

28 (5%)
28.88 (1.70)
14-30

16.19 (3.60)
6-29
35.34(16.33)
15-150
90.08 (53.70)
25-300
37.22(11.02)
9-67

Diagnosis, Assessment 50f11
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P-value

<.001’

<001’

<.001°

069

<.001’

.150

<001

042’

<.001'

<001

<.001’

<001’

<.001'

096

.001

.081

.389
001"

<.001"

<.001"

<.001"

<.001"

<.001"

(Continues)



60f11 Di]a)gizgssi: f/fg;iir(ielﬁtg O'BRYANT ET AL.
TABLE 1 (Continued)
Mexican American Non-Hispanic White
Total cohort N =688 N=617 P-value
Animals, mean (SD) 17.46(5.16) 16.42(4.85) 19.17 (5.04) <.001
Range 0-37 0-33 2-37
WMS-III logical memory |, mean (SD) 35.16(11.98) 31.02(10.71) 40.78 (10.99) <001
Range 0-69 0-57 4-69
WMS-III logical memory Il, mean (SD) 21.24(8.95) 18.77 (8.18) 24.80(8.70) <001’
Range 0-44 0-40 0-44
SEVLT 1-5 total, mean (SD) 31.69(9.08) 29.34(8.16) 33.33(9.02) <.001’
Range 0-53 0-53 3-53
SEVLT delayed recall, mean (SD) 7.59(3.45) 7.13(3.26) 8.51(3.32) <001
Range 0-15 0-15 0-15

Abbreviations: AB, amyloid beta; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; NfL, neurofilament light; SASH, Short Accultura-
tion Scale for Hispanics; SD, standard deviation; SEVLT, Spanish English Verbal Learning Test; WMS, Weschler Memory Scale.

*P <.05.

have significantly higher mean N values (2.74, standard deviation
[SD] = 0.15) than males (2.70, SD = 0.15; F [1, 1303] = 11.93,
P < .001). No interaction effect was not found for ethnicity for
age (F [36, 1224] = 1.110, P = .303) or level of education (F
[13, 1268] = 1.581, P = .0.084) when examined with the outcome
measure of N.

3.2 | Social and behavioral factor impact on N

A significant correlation was found between N and household income
(r2= 0.083, P = .003) and acculturation (r2= 0.069, P = .014) with
covariates of age, sex, and education. No other social or behavioral fac-
tor (social support, chronic stress, depression) was shown to be signif-
icantly correlated. A significant interaction effect was not found for
ethnicity and any of the social and behavioral factors examined (i.e.,
household income [F (81, 955) = 1.083, P = .296], social support [F
(28, 1241) = 1.336, P = .113], chronic stress [F (28 1241) = 0.794,
P =.769], acculturation [F (7, 1279) = 1.159, P = .323], and depression
[F (26, 1246) = 0.783, P = .773]). Individual linear regression models
were conducted to examine the association among household income,
social support, chronic stress, acculturation, and depression scores on
the primary outcome measure of N with covariates of age, sex, and edu-
cation. After adjusting for covariates, the N biomarker was found to
be significantly associated with household income (standardized coef-
ficients beta = 0.085, t = 2.995, P = .003) and acculturation (standard-
ized coefficients beta=0.109,t = 2.878, P =.004) reflecting a potential
protective effect on N (see Table 2). Although an interaction effect was
not shown among household income, acculturation, and ethnicity, sup-
plementary stratified analyses revealed the protective effect of social
factors applied only to those of Mexican American ethnicity (house-
hold income: standardized coefficients beta = 0.094, t-value = 2.451,
P = .015; acculturation: standardized coefficients beta = 0.118, t-
value = 2.773, P =.006; Table S1 in supporting information).

TABLE 2 Association between neurodegeneration (N) and social
and behavioral factors covarying for age, sex, and education in the
combined sample

Standardized

coefficients

beta t-value P-value
Annual household income 0.085 2.995 003"
Social support 0.031 1.198 231
Chronic stress 0.020 0.798 425
Acculturation 0.109 2.878 .004
Depression -0.017 -0.629 .529

Note: “Partial P <.01.

3.3 | Medical condition impact on N
Examining the link between medical conditions (dHTN, dDLP, dDM)
and N, those with a diagnosis of dDM were found to have significantly
lower mean N values (2.70; SD = 0.14) compared to those without
(2.73,SD = 0.14; F [1, 1303] = 0.404, t = 2.808, P = .005 [95% con-
fidence interval (Cl) = 0.007 to 0.044]). Additionally, those with a diag-
nosis of dAHTN (2.71,SD = 0.14) were found to have lower mean N value
than those without (2.73, SD = 0.15; F [1, 1303] = 0.433, t = 2.561,
P=.011[95% Cl = 0.005 to 0.037]). Mean differences were otherwise
not observed for dDLP (F [1, 1303] = 2.046,t = 0.959, P =.338 [95%
Cl = -0.008 to 0.024]). Ethnicity did not produce a significant interac-
tion effect between the N biomarker and any of the medical conditions
examined (ADM F[1,1298]=0.944,P=.332;dDLPF[1,1298]=2.284,
P =.131; dHTN F [1, 1298] = 0.128, P = .720) with covariates of age,
sex, and education.

After controlling for covariates (age, sex, and education), N was sig-
nificantly correlated with fasting levels of total cholesterol (r2 = 0.07,
P = .006), low-density lipoprotein (LDL; r2 = 0.08, P = .005), glucose
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TABLE 3 Association of duration of medical conditions and
neurodegeneration (N) covarying for age, education, sex

Standardized

coefficients
beta t-value P-value
dDM
Total sample -0.221 -4.045 <.001"
Non-Hispanic White -0.178 -1.696 .095
Mexican American -0.230 -3.587 <.001"
dHTN
Total sample -0.057 -1.530 126
Non-Hispanic White -0.022 -0.402 .688
Mexican American -0.096 -1.909 .057
dDLP
Total sample -0.027 -0.732 464
Non-Hispanic White -0.067 -1.308 192
Mexican American -0.003 -0.071 .943

Abbreviations: dDLP, duration of dyslipidemia in years; dDM, duration of
diabetes mellitus in years; dHTN, duration of hypertension in years.

(r2=-0.12, P <.001) and HbA1c (r2 = -0.13, P < .001). In the total sam-
ple, aninteraction effect was not found for ethnicity (covarying for age,
sex, education) with any of the bloodwork measures examined (fasting
levels of total cholesterol F [142, 942] = 1.175, P = .093; LDL F [124,
981] =0.999, P = .488; glucose F [79, 1046] = 0.881, P =.759; HbA1c
F[39,1165]=0.604, P =.975); however, when split by ethnicity, N was
found to be significantly correlated with total cholesterol (r2 = 0.08,
P=.041)and LDL (r? = 0.12, P =.003) among non-Hispanic Whites and
glucose (r2 = -0.16, P < .001) and HbA1c (r2 = 0.179 P < .001) among
Mexican Americans reflecting differences across ethnic groups.

Given the differential impact of medical conditions, additional anal-
yses were conducted to examine the impact of duration of disease on N
for dDM, dHTN), and dDLP. In the total sample, dDM was significantly
related to N after covarying for age, sex, and education (P =.001). Inter-
estingly, neither dHTN nor dDLP were significantly associated with
N (P > .05; see Table 3). Although an interaction effect was no found
between ethnic group and duration of medication conditions (P > .05),
when analyses were split by ethnic group, dDM (P < .001) was found
to be significantly associated with N among Mexican Americans while
no significant associations were found among Non-Hispanic Whites
(P> .05; see Table 3).

3.4 | Diagnosis and N positivity

A total n =213 (35%) non-Hispanic Whites and n = 222 (32%) Mexican
Americans were classified as positive on the N biomarker based on pre-
viously published cut-scores.” Split by diagnosis, N positivity (N*) was
as follows: NC n=313(30%), MCln=70(42%),dementian=52(67%).

Among Mexican Americans, N* by diagnostic category was as follows:

Disease Monitoring

NC n = 153 (29%), MCl n = 36 (34%), dementia n = 33 (66%). Among
non-Hispanic Whites, the N* was as follows: NC n = 160 (30%), MCI
n = 34 (55%), dementia n = 19 (68%). Although an interaction effect
was not found between ethnicity and cognitive diagnosis, the rate of
N* was significantly lower among the Mexican American MCI group
compared to the non-Hispanic White group (y2 = 13.37, P < .001); no
difference was shown between ethnic groups for those with demen-
tia ()2 = 2.79, P = .095). In separate logistic regression analyses with
covariates of age, sex, and education, N+ was a significant predictor
of MCl diagnosis among non-Hispanic Whites (B [S.E.] = 0.794 [0.299],
Wald = 7.02, P=.008, Exp [B] = 2.212[95% Cl = 1.230 to 3.978]) but
not among Mexican Americans (B [S.E.] = 0.248 [0.238], Wald = 1.083,
P =.298, Exp [B] = 1.281[95% CI = 0.803 to 2.045]). N+ was a signif-
icant predictor of dementia diagnosis among both Mexican Americans
(B[S.E.]=1.247[0.341],Wald = 13.373,P <.001, Exp [B] = 3.482[95%
Cl=1.784t0 6.794]) and non-Hispanic Whites (B [S.E.] = 1.615[0.447],
Wald = 13.041, P <0.001, Exp [B] = 5.026 [95% Cl = 2.093 to 12.074]).

3.5 | Age of N positivity

Controlling for sex and education, age was shown to be significantly
related to N+ (standardized coefficients beta = -0.404, t-value = -
15.868, P < .001). An interaction between age and ethnicity was not
found (F [36, 1221] = 0.681, P = .925) for N+ when entered into a
model with covariates of sex and education; however, the average age
of N* among Mexican Americans was 67.33 (SD = 8.38) compared to
non-Hispanic White age of 72.88 (SD = 8.40), which did support a sig-
nificant mean group difference (P < .001; see Figure 1A). When medi-
cal comorbidities were included as covariates along with age, sex, and
education, the only medical comorbidity found to be a significant within
the model was diabetes (standardized coefficients beta = -0.085, t = -
3.168, P = .002). Sex was also a significant covariate within the model
(standardized coefficients beta = 0.068, t = 2.667, P = .008). When
the analyses were expanded to examine the relationship among cogni-
tive diagnosis, age, and ethnicity, an interaction was not found (P > .05)
with covariates previously noted; however, Figure 1B highlights the
difference that can be seen in age of N+ across diagnostic groups
(NC, MCI, dementia). In our prior work, we have shown that Mexican
Americans develop MCl at significantly younger ages compared to non-
Hispanic Whites; therefore, we examined age of N* among MClI cases.
Mexican American participants categorized as MCl and N* were sig-
nificantly younger (66.19, SD = 8.24) than non-Hispanic White par-
ticipants (74.29, SD = 10.26) who were N* and diagnosed as MCI
(P=.001).

3.6 | Neuropsychological testing

The link between N and neuropsychological test performance was
also examined. An interaction effect was shown between ethnicity
and select cognitive measures including tests of global cognitive func-
tioning (MMSE, F [11, 1266] = 6.072, P < .001), working memory
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FIGURE 1 A, Age of neurodegeneration positivity (N+) separated
by ethnic group. B, Age of N+ separated by cognitive diagnosis. MClI,
mild cognitive impairment

(WMS-III Digit Span, F [18, 1239] = 2.466, P = .001), and immediate
episodic memory (WMS-III Logical Memory II, F [47, 1186] = 1.912,
P <.001) with covariates of age, sex, and education and after correcting
for multiple comparisons (partial P-value = .005). Interaction effects
between cognitive diagnosis and select cognitive measures (covarying
for age, sex, and education) were no longer significant after correcting
for multiple comparisons (partial P-value = .005).

In separate linear regression models, findings revealed that after
covarying for age, education, and sex, less N (represented by higher
meta-ROI) was associated in the total sample with better performance
across measures all cognitive measures (P < .001; see Table 4). When
split by ethnic group, less N was found to be associated with better per-
formance across measures of global cognition (MMSE, P =.001), atten-
tion and processing speed (Trail Making Test Part A, P < .001), exec-
utive functioning (Trail Making Test Part B, P < .001), immediate and
delayed verbal episodic memory (WMS-I1I Logical Memory |, P < .001;
WMS-III Logical Memory II, P = .002), as well as immediate route ver-
bal learning (SEVLT Trial 1-5 recall, P < .001) for Non-Hispanic Whites.
Fewer associations were found among Mexican Americans between a
measure of N and cognitive test performance. Of those, less N among
this group was found to be associated with better neuropsychological

test performance on measures of global cognition (MMSE, P < .001),

TABLE 4 Association of neuropsychological test performance and
neurodegeneration (N) covarying for age, education, and sex

Standardized

coefficients
beta t-score P-value

MMSE

Total sample -0.160 -4.829 <.001"

Non-Hispanic White -0.131 -3.403 001’

Mexican American -0.175 -3.951 <001
WMS-III digit span

Total sample -0.145 -4.404 <.001"

Non-Hispanic White -0.106 -2.716 .007

Mexican American -0.126 -2.905 004"
Trail Making Test Part A

Total sample 0.127 3.975 <.001’

Non-Hispanic White 0.166 4.105 <.001'

Mexican American 0.109 2453 014
Trail Making Test Part B

Total sample 0.162 4.560 <.001"

Non-Hispanic White 0.173 4.186 <.001"

Mexican American 0.138 2.828 .005
F-A-S

Total sample -0.136 -4.291 <.001"

Non-Hispanic White -0.106 -2.660 .008

Mexican American -0.132 -3.065 002"
Animals

Total sample -0.106 -3.548 <.001"

Non-Hispanic White -0.091 -2.239 .025

Mexican American -0.100 -2411 016
WMS-III logical memory |
Total sample -0.146 -4.822 <.001’

Non-Hispanic White -0.159 -3.960 <.001'

Mexican American -0.089 -2.212 .027
WMS-III logical memory Il

Total sample -0.126 -4.252 <.001"

Non-Hispanic White -0.127 -3.151 002"

Mexican American -0.092 -2.289 022
SEVLT 1-5 total

Total sample -0.159 -5.210 <.001"

Non-Hispanic White -0.156 -3.594 <.001"

Mexican American -0.141 -3.369 001
SEVLT delayed recall

Total sample -0.140 -4.604 <.001"

Non-Hispanic White -0.089 -2.084 .038

Mexican American -0.174 -4.158 <.001"

Abbreviations: MMSE, Mini-Mental State Examination; WMS, Weschler
Memory Scale; SEVLT, Spanish English Verbal Learning Test.
*Partial P <.005.
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TABLE 5 Association between AT(N) plasma biomarkers and
neurodegeneration (N) covarying for age, sex, and education

Standardized
coefficients
beta t-score P-value
ABao
Non-Hispanic White -0.018 -0.451 .652
Mexican American -0.081 -2.205 .028
ABar
Non-Hispanic White 0.065 1.718 .086
Mexican American -0.027 -0.737 462
Total tau (t-tau)
Non-Hispanic White -0.047 -1.230 219
Mexican American -0.007 -0.195 .845
NfL
Non-Hispanic White -0.066 -1.675 .095
Mexican American -0.170 -4.610 <.001"

Note: "Partial P < .0125.
Abbreviations: A3, amyloid beta; NfL, neurofilament light chain.

working memory (WMS-II Digit Span, P =.004), phonemic fluency (FAS,
P =.002), as well as route verbal learning and memory (SEVLT Trial 1 to
5recall, P=.001; SEVLT delayed recall, P < .001; see Table 4).

3.7 | Cerebral amyloid and AT(N) plasma
biomarkers

A subset of the HABLE study included available amyloid PET scans
(n = 61 [n = 39 Mexican Americans; n = 22 non-Hispanic Whites]). Of
those, n = 13 were A+ while n = 48 were A-. The mean age of this sub-
set was 66.25 (SD = 10.14) with a mean education level of 11.51 years
(SD = 5.34). There was no significant difference between demographic
variables between the subset of HABLE participants who underwent
an amyloid PET scan and those who did not (P > .05). Neither the MRI-
derived N biomarker or N+ positivity was found to be correlated with
global cerebral amyloid SUVR levels (P > .05) after controlling for age,
sex, and education. A similar finding was shown when separated by eth-
nic group (P> .05).

Inregard to AT(N) plasma biomarkers in the total sample, partial cor-
relations with covariates of age, sex, and education revealed a signif-
icant negative correlation between N and the plasma biomarker NfL
(r2=-0.12, P < .001); significant correlations were not found among
the other plasma biomarkers of ABsy (r2= -0.05, P = .060), ABsy
(r2=0.01, P = .628), or total T (r2= -0.03, P = .231). Although eth-
nicity did not produce a significant interaction effect with the plasma
AD biomarkers on N, analyses were further conducted separated by
ethnic group, which revealed only one significant association found
among Mexicans reflecting higher NfL levels associated with greater N
(P <.001; see Table 5).

Disease Monitoring

4 | DISCUSSION

This is, to our knowledge, the first large-scale characterization of the N
(derived from meta-ROI) among Mexican Americans compared to non-
Hispanic Whites. Our data demonstrates that N is significantly related
to the clinical outcomes that would be expected among both groups.
However, our findings suggest that the underlying mechanisms driving
N may vary between ethnic groups based on findings such as duration
of diabetes being associated with N among Mexican Americans but not
among non-Hispanic Whites. It also suggests that N may begin earlier
in the sequence of the biological cascade associated with cognitive loss
among Mexican Americans compared to non-Hispanic Whites, which
will be important to further examine with longitudinal data. Given
the younger age of onset of cognitive loss, these findings indicate a
possibility that the sequence and timing of the AT(N) biomarkers and
subsequent development of AD pathology may vary between ethnic
groups.

Ours is not the first study to point to potential impacts of race or
ethnicity on AT(N) biomarkers. Howell et al.>” recruited n = 135 older
participants (Black n = 65, non-Hispanic White n = 70) and found that
Blacks had significantly different cerebrospinal fluid (CSF) p-tauqgq, t-
tau, and ABy4g levels despite similar AB4,, NfL, white matter hyperin-
tensity, and hippocampal volume. Cognitively impaired Blacks also had
significantly different CSF t-tau/AB4, and p-tauqg1/AB4, levels. Mor-
ris et al.®? found that CSF t-tau and p-tauqgq were significantly lower
among African Americans and the racial impact was associated with
APOE &4 genotype. This work suggests that ethnic-specific CSF cut-
scores need to be examined. Graff-Radford et al.%? examined autopsy
data from n = 110 Blacks and n = 2500 non-Hispanic Whites in the
National Alzheimer’s Coordinating Center (NACC) database and found
that Blacks had lower rates of Braak Stages O, I-Il, and llI-1V than
non-Hispanic Whites but greater levels of Stages V-VI. Overall AD and
vascular neuropathology were more common among Blacks. Barnes et
al.831 examined data from the Rush Alzheimer’s Disease Clinical Core
(n = 51 Black, n = 81 non-Hispanic White) and found that Blacks were
more likely to have mixed neuropathology. In the GERAS-US study,
cerebral amyloid positivity was found to be significantly lower among
Hispanic patients clinically diagnosed as AD compared to non-Hispanic
Whites.32 The IDEAS study also found that Blacks and Hispanics who
were clinically diagnosed with AD and MClI had significantly lower amy-
loid PET positivity rates compared to non-Hispanic Whites (Rabinovici
personal communication; 2019 AAIC poster). In the A4 study, both His-
panics and Blacks had lower levels of amyloid positivity (unpublished
data). Additionally, in the HABLE amyloid pilot study, Mexican Ameri-
cans had lower levels of amyloid positivity compared to non-Hispanic
Whites.'® The sample size of Hispanics included in these studies was
small and the HABLE study is collecting A (and T) PET scans on all par-
ticipants at Visit 2 and Visit 3, so a better estimation of the prevalence
rates of A positivity among community-dwelling Mexican Americans
will be generated soon. Regarding MRI-defined N, Burke et al., studied
asample of n =75 Hispanics and n = 90 non-Hispanic Whites and found
that MRI measures of N changed among control, MCI, and demen-
tia groups but that Hispanics had less N than non-Hispanic Whites.33
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Therefore, there is significant reason to examine the presence, timing,
sequence, progression, and clinical impact of these biomarkers.

Our findings highlight the different underlying mechanisms linked
with N among Mexican Americans compared to non-Hispanic Whites.
Among Mexican Americans, diabetes-related factors (e.g., glucose,
HbA1c levels) were strongly related to N with duration of diabetes
being the strongest factor. However, among non-Hispanic Whites,
cardiovascular (LDL) factors were significantly related to N. This dif-
ferential pathway to neuronal loss between ethnic groups has pow-
erful implications. First, if diabetes (and duration of diabetes) is a sig-
nificant driver of N among Mexican Americans, this would suggest
that targeted and timely interventions to prevent or control diabetes
could have neuroprotective effects. Second, if cardiovascular and cere-
brovascular pathways are powerful drivers of N among non-Hispanic
Whites, different sets of targeted and timely interventions to pre-
vent and control these factors could be neuroprotective among non-
Hispanic Whites. Our work, combined with the work of others pre-
sented above, suggest that an expanded AT(N) framework that includes
vascular, metabolic, and inflammatory (VMI) pathways should be con-
sidered, to allow for amore comprehensive picture of the biological fac-
tors contributing to cognitive loss among diverse communities.

A limitation to the current study is the focus on N in the context of
the current AT(N) framework, which captures N as an MRI measure of
cortical thickness as opposed to taking into consideration other fac-
tors such as vascular risks (e.g., white matter hyperintensities, infarcts).
Current work is ongoing within the HABLE study to further examine
such vascular risks on N through diffusion tensor imaging to under-
stand how VMI factors can impact the AT(N) biomarkers. Future work
should also expand to examine AT(N) biomarkers among the broader
Hispanic population as our findings are focused on those who self-
identify as Mexican Americans. It will be important to understand
how the framework may be similar or distinct among different pop-
ulations. Additionally, longitudinal PET and MRI scans are being con-
ducted within this cohort to better understand the timing, sequence,
and trajectories of the AT(N) framework among diverse populations.

Meeker et al.3* recently found that socioeconomic status (SES)
mediated the race effects on N (as measured by cortical volumes)
among older Blacks. Dougherty et al.®> recently found that higher SES
was associated with increased brain volume and that smoking sta-
tus mediated this relationship in the CARDIA study. Shaked et al.3¢
recently found that SES impacted diffusion tensor imaging fractional
anisotropy (FA) measures across regions. Here we found that markers
of SES (household income and education) were only significantly asso-
ciated with N among Mexican Americans. When combined with the
recent findings by Meeker et al., these findings strongly support the
need to fully examine the AT(N) biomarkers within the National Insti-
tute on Aging Health Disparities Research Framework,3”
implemented within the HABLE cohort. Additionally, to understand
the AT(N) biomarkers within the Health Disparities Research Frame-

work more comprehensively, the HABLE study is currently expanding

whichis being

to add n = 1000 Blacks to study these important factors across the
three largest ethnic/racial groups in the United States. Overall, these

findings suggest that neurodegenration as measured by a N-marker of

the AT(N) framework is significantly different among Mexican Ameri-
cans compared to non-Hispanic Whites including the age of positivity
and the underlying contributing factors, despite comparable impacts
on clinical outcomes. As such, ethnically appropriate interventions to
prevent or treat N will be required.
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