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Abstract

Introduction: The study evaluated if blood markers reflecting diverse biological path-

ways differentiate clinical diagnostic groups among Hispanic and non-Hispanic White

adults.

Methods:Within Hispanic (n = 1193) and non-Hispanic White (n = 650) participants,

serum total tau (t-tau), neurofilament light (NfL), ubiquitin carboxyl-terminal hydro-

lase LI, glial fibrillary acidic protein (GFAP), soluble cluster of differentiation-14, and

chitinase-3-like protein 1 (YKL-40)were quantified.Mixed-effects partial proportional

odds ordinal logistic regression and linearmixed-effects models were used to evaluate

the association of biomarkers with diagnostic group and cognition, adjusting for age,

sex, ethnicity, apolipoprotein E ε4, education, and site.
Results: T-tau, NfL, GFAP, and YKL-40 discriminated between diagnostic groups

(receiver operating curve: 0.647–0.873). Higher t-tau (odds ratio [OR] = 1.671, 95%

confidence interval [CI] = 1.457–1.917, P < .001), NfL (OR = 2.150, 95% CI = 1.819–

2.542, P < .001), GFAP (OR = 2.283, 95% CI = 1.915–2.722, P < .001), and YKL-40

(OR = 1.288, 95% CI = 1.125–1.475, P < .001) were associated with increased like-

lihood of dementia relative to cognitively unimpaired and mild cognitive impairment

groups. Higher NfL was associated with poorer global cognition (β = –0.455, standard

error [SE] = 0.083, P < .001), semantic fluency (β = –0.410, SE = 0.133, P = .002),

attention/processing speed (β = 2.880, SE = 0.801, P < .001), and executive function

(β= 5.965, SE= 2.037, P= .003). Higher GFAPwas associated with poorer global cog-

nition (β = –0.345, SE = 0.092, P = .001), learning (β = –1.426, SE = 0.359, P < .001),

andmemory (β= –0.890, SE=0.266, P< .001). Higher YKL-40 (β= –0.537, SE=0.186,

P = .004) was associated with lower memory scores. Interactions with ethnicity were

observed for learning (NfL, GFAP, YKL-40), memory (NfL, GFAP), and semantic fluency

(NfL; interaction terms P< .008), whichwere generally no longer significant in a demo-

graphically matched subset of Hispanic and non-HispanicWhite participants.

Discussion: Blood biomarkers of neuronal/axonal and glial injury differentiated

between clinical diagnostic groups in a bi-ethnic cohort of Hispanic and non-Hispanic
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Whites.Our results add to the growing literature indicating that blood biomarkersmay

be viable tools for detecting neurodegenerative conditions and highlight the impor-

tance of validation in diverse cohorts.

KEYWORDS

Alzheimer’s disease, blood biomarkers, chitinase-3-like protein 1, ethnicity, glial fibrillary acidic
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1 INTRODUCTION

A significant limiting factor for both timely Alzheimer’s disease (AD)

treatment and research participation is the vast underdiagnosis of

dementia. Diagnostic delaysmore severely impact Hispanics and other

diverse groups, who are more likely to be misdiagnosed or diagnosed

at later stages than non-Hispanic Whites within the United States.1

The establishment of sensitive blood-based biomarkers for dementia

could facilitate broadly accessible diagnostic tools and may advance

our understanding of the biological pathways implicated in AD and

related dementias (ADRDs).2 In the past, establishment of blood-based

biomarkers for ADRDs was hindered by relatively low protein concen-

trations in the blood relative to the cerebrospinal fluid (CSF).2 How-

ever, single molecule array methods (Simoa) have been developed,

improving analytic sensitivity up to 1000-fold compared to traditional

enzyme-linked immunosorbent assays (ELISAs).3,4 With this technol-

ogy, prior studies have reported that blood-based biomarkers, includ-

ing total tau (t-tau) and neurofilament light (NfL), have diagnostic accu-

racy for dementia.4–7 However, these studies have been conducted in

primarily non-Hispanic White populations, limiting the generalizabil-

ity of the findings. As racial/ethnic differences have been reported in

dementia presentation and disease biology including genetic predis-

position, burden of modifiable risk factors, age of onset, and disease

progression,8,9 the associations betweenbiomarkers and cognitive sta-

tus may vary across racial/ethnic groups. A recent white paper by the

Alzheimer’s Association International Society to Advance Alzheimer’s

Research and Treatment (ISTAART) highlighted validation of biofluid

markers in diverse ethnoracial groups as a critical need in ADRD

research.10

The goal of the present study was to evaluate the diagnostic accu-

racy of blood-based biomarkers for mild cognitive impairment (MCI)

and dementia in a bi-ethnic cohort of Hispanic and non-HispanicWhite

older adults. Leveraging findings from genetic and neuropathologi-

cal studies,11–16 we assessed serum biomarkers associated with neu-

ronal/axonal injury (t-tau, NfL), ubiquitin protease system clearance

(ubiquitin carboxyl-terminal hydrolase L1 [UCHL1]), glial injury (sol-

uble cluster of differentiation 14 [sCD14]), chitinase-3-like protein 1

(YKL-40), and glial fibrillary acidic protein (GFAP). In addition to explor-

ing associations across the whole sample, we evaluated interactions

with ethnicity and apolipoprotein E (APOE) ε4 status. We hypothe-

sized that the serumbiomarkerswoulddistinguishbetween cognitively

unimpaired, MCI, and dementia groups.

2 METHODS

2.1 Participants

Samples were obtained from the baseline visit of participants in the

Texas Alzheimer’s Research and Care Consortium (TARCC). As previ-

ously described,17 participants were recruited from nine Texas aca-

demicmedical centers. Inclusion criteria included age 50 years or older

at enrollment. A total of 3670participants completed thebaseline visit.

As pilot award funds were used to conduct the assays for this project,

wewere able to process 1879 sampleswith the available budget. Given

our interest in examiningethnicity,weover-selected samples from indi-

viduals of Hispanic ethnicity and randomly selected a total of 1226

samples. The remainder of our funds were allocated to process sam-

ples from 653 non-Hispanic White participants, selected across dis-

ease stages as defined by the Clinical Dementia Rating (CDR) global.

Of the 1879 participants with available serum data for assay, 36 were

excluded formissing data for at least one serumbiomarker (missingNfL

n=35, t-taun=34,UCLH1n=34, sCD14n=32,YKL-40=30).Differ-

ences between participants with available serum data for the analyses

and those without are presented in Table S1 in supporting information.

The final study samplewith availabledata included1193Hispanic (98%

Mexican American) and 650 non-Hispanic White adults aged 50 years

and older. Analyses examining cognitive outcomes included a smaller

subset of participants with available data for the specified measure.

The studywas approved by the institutional review board at each insti-

tution and was conducted in adherence with the Code of Ethics of the

WorldMedical Association. All participants providedwritten informed

consent prior to enrollment with appropriate legal representation for

individuals lacking capacity to consent. Local institutional reviewboard

approval was obtained to process and analyze de-identified samples

and clinical/demographic data.

2.2 Neuropsychological evaluation

The neuropsychological evaluation was comprised of measures of

global cognition (Mini-Mental State Examination [MMSE]),18 learning

and memory (Weschler Memory Scale [WMS]-3 Logical Memory [LM]

I and II19), attention/processing speed (Trail Making Test, Part A20),

executive function (Trail Making Test, Part B20), and language (Animal

Fluency21).

Participants and their study partners also completed the CDR.22
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2.3 Consensus reviews

Clinical diagnoses were assigned based on review of clinical exams and

neuropsychological assessmentsbya consensus committeeat each site

comprised of at least one physician, neuropsychologist, and research

coordinator. Possible or probable diagnoses for AD were assigned

based onNational Institute of Neurological and Communicative Disor-

ders and Stroke—Alzheimer’s Disease and Related Disorders Associa-

tion criteria.23 Given the absence of biological confirmation of disease

etiology,24 the terms “dementia” and “ADRD” are used in place of spe-

cific diagnostic labeling. MCI subtypes (amnestic versus non-amnestic)

were assigned using established criteria defined by Petersen.25

2.4 Blood draw and storage

The TARCC collected and processed blood in accordance with estab-

lished guidelines.26 Briefly, non-fasting blood was collected in the

morning using a 21g needle. Serum tubes were allowed to clot for 30

minutes. Plasma tubes were inverted 5 to 10 times and centrifuged for

10minutes at 2000 x gwithin 1 hour of collection. 500uL aliquotswere

transferred to polypropylene tubes and sampleswere placed into –80◦

freezer within 2 hours of collection. APOE genotyping was performed

with polymerase chain reaction as previously described.17 Samples

were shipped to the Laboratory for Clinical Biochemistry Research

at the University of Vermont, which has a strong quality assur-

ance program for assays and is equipped with Simoa HD-1 Analyzer

(Quanterix).

2.5 Quantification of serum biomarker levels

Serum levels of t-tau, NfL, UCHL1, and GFAP were analyzed using the

Simoa Neurology 4-Plex Kit on a Simoa HD-1 Analyzer (Quanterix).

Serum levels of sCD14 and YKL-40 were quantified using commercial

ELISAs (R&D Systems). Analytical ranges and inter-assay coefficients

of variance are presented in Table S2 in supporting information. A cer-

tified laboratory technician, blinded to diagnostic and ethnic groups,

performed all assays between November and December 2019 using a

single batch of reagents.

2.6 Statistical analysis

GFAP, t-tau, NfL, UCHL1, and YKL-40 displayed left-skewed, non-

normal distributions and were natural log transformed, and subse-

quently winsorized to four standard deviations within the mean. Win-

sorization was applied to <1% of the biomarker values (UCHL1 = 10,

NfL = 7, t-tau = 4). In effort to limit data loss, t-tau values below the

detection limit were set equal to the detection limit prior to log trans-

formation because values were known to be at this level or below.27

Differences in demographics and clinical characteristics across the

diagnostic groups and by ethnicity were assessed with the chi-squared

HIGHLIGHTS

∙ Serum total tau, neurofilament light (NfL), glial fibrillary

acidic protein (GFAP), and chitinase-3-like protein 1 (YKL-

40) differed across control,mild cognitive impairment, and

dementia groups .

∙ Elevated serumNfL, GFAP, and YKL-40 levels were associ-

ated with poorer cognition.

∙ Findingswere consistent in demographicallymatchedHis-

panics and non-HispanicWhites.

RESEARCH INCONTEXT

1. Systematic review: Blood-based biomarkers for demen-

tia hold potential to improve diagnostic accuracy and pro-

vide insight into underlying pathophysiological pathways.

To date, themajority of biomarker studies have been con-

ducted primarily in non-HispanicWhite populations.

2. Interpretation: Blood markers of neuronal/axonal injury

(total tau [t-tau], neurofilament light [NfL]) and glial

injury (glial fibrillary acidic protein [GFAP], chitinase-3-

like protein 1 [YKL-40]) differentiated clinical diagnostic

groups in a bi-ethnic Hispanic and non-Hispanic White

cohort. Higher serum NfL, GFAP, and YKL-40 levels were

associated with poorer cognition. Interactions between

biomarkers and ethnicity for some cognitive outcomes

were observed, which were generally no longer signifi-

cant in a demographicallymatched subset ofHispanic and

non-HispanicWhite participants.

3. Future directions: Future research is needed to deter-

mine the interplay of multidimensional sociocultural,

environmental, and biological factors thatmay contribute

to ethnic differences in Alzheimer’s disease and related

disorders serum biomarker values.

statistic for categorical variables or with independent t-tests orMann-

Whitney U-tests for continuous variables.

The associations between blood-based biomarkers and clinical

diagnostic group were evaluated with separate mixed-effects partial

proportional odds ordinal logistic regression models adjusting for age,

sex, ethnicity, APOE ε4 status, and education as fixed effects, and site

as a random effect. All covariates were selected a priori and were

tested for the assumption of proportional odds using likelihood ratio

tests. Serum biomarkers, ethnicity, and APOE violated the assumption

of proportional odds (P < .05) and were fitted with unequal slopes.

All six biomarkers were also included in a single mixed-effects par-

tial proportional odds ordinal logistic regression with adjustment
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for age, sex, ethnicity, APOE ε4 status, education, site (as a random

effect), diabetes, systolic blood pressure, and body mass index (BMI).

As supplementary analyses, biomarker values within the amnestic

(n = 325) and non-amnestic MCI (n = 115) subtypes were compared

to the cognitively unimpaired group, as well as to one another, using

multinominal logistic regressionwith adjustment for age, sex, ethnicity,

APOE ε4 status, education, and site.
Diagnostic accuracies between pairs of outcomes were calculated

using area under the receiver operating characteristic curve (AUROC)

from pairwisemixed-effects binary logistic regressionmodels, and vol-

ume under the ROC surface (VUS) for the three-category outcomewas

calculated from mixed-effects partial proportional odds ordinal logis-

tic regression models, with covariates for age, sex, ethnicity, APOE ε4
status, education, and site (as a random effect). For the purpose of cal-

culating sensitivity and specificity, optimal cut-points were defined as

thosemaximizing the sumof sensitivity and specificity, andwere found

using the cutpointr package in R.

The associations between blood-based biomarkers and cognitive

outcomes were evaluated with separate linear mixed-effects models

adjusting for age, sex, ethnicity, APOE ε4 status, education, site (as a

random effect), and clinical diagnostic group. In addition, models were

assessed that also included interaction termsbetweenbiomarkerswith

ethnicity, and separate models were fit that included interaction terms

between biomarkers and APOE ε4 status.
Finally, in exploratory analyses, the associations between biomark-

ers with clinical diagnostic group, as well as interactions between eth-

nicity with clinical diagnostics and cognition, were evaluated in a sub-

sample ofmore closelymatchedHispanic and non-HispanicWhite par-

ticipants using separate mixed-effects partial proportional odds ordi-

nal logistic regression and linear mixed-effects models adjusting for

age, sex, ethnicity, APOE ε4 status, education, and site as a random

effect. One-to-one participant matching across the two ethnic groups

for age, sex, APOE status, education, and diagnostic group was per-

formed using the optmatch package in R.

For ordinal logistic regression and linear mixed-effects models,

biomarker values were standardized to z-scores to facilitate compar-

isons across measures. Statistical tests were two-sided and statisti-

cal significance was set at P < .05. For all models assessing the effect

of biomarkers, P-values were Bonferroni-corrected for the number of

biomarkers, which placed the raw P-value for statistical significance at

P< .008. Statistical analyses were performed using R version 3.6.2.

3 RESULTS

3.1 Participant characteristics

As seen in Table 1, the Hispanic and non-HispanicWhite groups across

the entire sample and within clinical diagnostic groups differed across

most demographic and clinical variables, as well as blood biomarker

levels. Table S3 in supporting information presents the demographic

and clinical variables for a subgroup of Hispanics (N = 321) and non-

HispanicWhite (N= 321) participants matched for age, sex, APOE sta-

tus, education, and diagnostic group.

3.2 Associations between serum biomarkers and
diagnostic group

As seen in Table 2 and Figure S1 in supporting information, higher

levels of t-tau, NfL, and GFAP were associated with increased likeli-

hood of MCI or dementia relative to the cognitively unimpaired group.

Increased levels of t-tau, NfL, GFAP, and YKL-40 were associated with

greater likelihood of dementia relative to the cognitively unimpaired

andMCI groups. The same pattern of findingswas observed in a subset

of demographically matched Hispanic and non-HispanicWhite partici-

pants (Table S4 in supporting information).

In a model that included all six biomarkers with additional covari-

ates for diabetes, systolic bloodpressure, andBMI (Table S5 in support-

ing information), higher levels of t-tau and GFAP were associated with

increased likelihood ofMCI or dementia. In addition, elevated levels of

t-tau, NfL, and GFAPwere associated with higher likelihood of demen-

tia relative to the cognitively unimpaired and MCI groups. Across

biomarkers, there were no significant differences between amnestic

and non-amnestic MCI subtypes compared to one another and com-

pared to the cognitively unimpaired group (Table S6 in supporting

information).

3.3 Diagnostic accuracy of serum biomarkers for
MCI and AD

As displayed in Figure 1, serum t-tau, NfL, GFAP, and YKL-40 differ-

entiated between diagnostic groups. With inclusion of all six biomark-

ers and covariates, the AUROC was 0.876 (0.857–0.894, sensitiv-

ity= 0.823, specificity= 0.784) for cognitively unimpaired and demen-

tia groups, 0.643 (0.612–0.674, sensitivity=0.632, specificity=0.617)

for cognitively unimpaired and MCI groups, and 0.803 (0.775–0.831,

sensitivity = 0.809, specificity = 0.664) for MCI and dementia groups.

Multicategory classification analyses indicated that the performance

for all biomarkerswas above chance (VUS: 0.428–0.461, chance: 0.167,

Figure S2 in supporting information).

3.4 Interactions between serum biomarkers with
ethnicity and APOE ε4 status for diagnostic group

As displayed in Table 3, GFAP andNfL had a significant interactionwith

APOE ε4 status for odds ofMCI anddementia relative to the cognitively

unimpaired group. For these interactions, stronger associations were

observed in APOE ε4 carriers. There was also a strong trend toward an
interaction between t-tau and ethnicity for odds of dementia relative

to the cognitively unimpaired and MCI groups. No significant interac-

tions with ethnicity were observed in the subset of matched Hispanic
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F IGURE 1 Area under the receiver operating characteristic curve (AUROC) for total tau, neurofilament light (NfL), glial fibrillary acidic protein
(GFAP), and chitinase-3-like protein 1 (YLK-40) with diagnostic group
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TABLE 2 Associations of serum biomarkers with cognitive diagnostics group based onmixed-effects partial proportional odds ordinal logistic
regression (N= 1843)

MCI or dementia relative to the cognitively

unimpaired group

Dementia relative to the cognitively unimpaired and

MCI groups

T-tau OR= 1.320, 95%CI= 1.171–1.489, P< .001* OR= 1.671, 95%CI= 1.457–1.917, P< .001*

NfL OR= 1.466, 95%CI= 1.269–1.694, P< .001* OR= 2.150, 95%CI= 1.819–2.542, P< 0.001*

GFAP OR= 1.548, 95%CI= 1.321–1.813, P< 0.001* OR= 2.283, 95%CI= 1.915–2.722, P< 0.001*

UCHL1 OR= 1.013, 95%CI= 0.892–1.152, P= .837 OR= 1.179, 95%CI= 1.027–1.354, P= .019

sCD14 OR= 1.007, 95%CI= 0.894–1.133, P= .914 OR= 1.144, 95%CI= 1.009–1.299, P= .036

YKL-40 OR= 1.157, 95%CI= 1.031–1.299, P= .013 OR= 1.288, 95%CI= 1.125–1.475, P< .001*

Note: Separatemixed-effects partial proportional odds ordinal logistic regressionmodels on clinical diagnostic groupwere conductedwith covariates for age,

sex, ethnicity, APOE ε4 status, education, site, and serum biomarkers.

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; GFAP, glial fibrillary acidic protein; MCI, mild cognitive impairment; NfL, neurofilament light;

OR, odds ratio; sCD14, soluble cluster of differentiation 14; t-tau, total tau; UCHL1, ubiquitin carboxyl-terminal hydrolase L1; YKL-40, chitinase-3-like

protein 1.

*P< .008 level of significance after Bonferroni correction for six biomarkers.

and non-Hispanic White participants (Table S7 in supporting informa-

tion).

3.5 Associations between serum biomarkers and
cognition

As seen in Table 4, higher levels of NfL were associated with poorer

global cognition, semantic fluency, attention/processing speed, and

executive function scores. Higher levels of GFAP were associated with

poorer global cognition, learning, and memory. Additionally, higher

YKL-40 levels were associated with lowermemory scores.

3.6 Interactions between serum biomarkers with
ethnicity and APOE ε4 status for cognition

As displayed in Table 5, the associations between NfL and GFAP with

learning and memory differed by ethnicity. Additionally, NfL had an

interaction with ethnicity for semantic fluency and YKL-40 had an

interaction with ethnicity for learning. For these cognitive outcomes,

Hispanics displayed smaller changes in serum biomarker levels rela-

tive to non-HispanicWhites. The associations between serum levels of

GFAP with learning and memory also differed by APOE ε4 status with

presence of the APOE ε4 allele associated with larger effect sizes.
Within the matched Hispanic and non-Hispanic White sample, NfL

had an interaction with ethnicity for learning (Table S8 in supporting

information).

4 DISCUSSION

The present study examined six blood-based biomarkers that reflect

diverse biological pathways implicated in ADRDs, within a bi-ethnic

cohort of Hispanic and non-Hispanic White older adults. Our results

validate the findings from previous studies reporting that blood-

derived levels of t-tau and NfL have discriminability for dementia4–7

and further extend the results to a bi-ethnic cohort of Hispanics and

non-Hispanic Whites. Moreover, we identified less established blood-

based biomarkers, GFAP andYKL-40, that differentiated between clin-

ical diagnostic groups. With inclusion of all biomarkers in a single

model, t-tau, NfL, and GFAP remained significant, suggesting unique

contributions from each biomarker. Higher levels of serum NfL, GFAP,

and YKL-40were associatedwith poorer cognitive performance.28 For

learning, memory, and semantic fluency, ethnicity had significant inter-

actions with biomarker values with weaker associations in Hispanics

relative to non-Hispanic Whites. Ethnic differences were generally no

longer significantwithin a demographicallymatched subset ofHispanic

and non-HispanicWhite participants.

In our study, t-tau was significantly associated with diagnostic

group. T-tau levels in the blood are presumed to be derived from brain

clearance and are considered to reflect neuronal injury.4,29 In a prior

meta-analysis, plasma t-tau had a large effect size for discriminating

betweenADandcognitivelyunimpairedgroups.7 While the correlation

between plasma and CSF t-tau levels are low, data from the Framing-

hamHeart andMemento Studies indicated that plasma t-tau is equally

robust as CSF for predicting conversion to dementia.4 Our findings add

to the growing literature demonstrating the efficacy of blood-derived

t-tau for dementia detection and further broaden the findings to a bi-

ethnic cohort.

SerumNfL levels in our studywere associatedwith diagnostic group

and poorer cognition on measures of global cognition, semantic flu-

ency, attention/processing speed, and executive function. NfL is an

intermediate filament protein found in the axons of myelinated neu-

rons and is considered a marker of axonal/neuronal damage.30 In con-

trast to t-tau, CSF and blood-derived levels of NfL are significantly

correlated.5,6,30 Elevations in NfL within the CSF and blood have been

associated with clinical diagnosis, amyloid positron emission tomog-

raphy (PET) positivity, cerebral atrophy, and cognitive decline.5,6,30

Prior research has indicated that individuals with MCI who displayed

more pronounced increases in NFL experienced accelerated cognitive

decline, suggesting that NfL may dynamically change across disease

stages.6
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TABLE 3 Interactions between serum biomarkers with ethnicity and APOE ε4 status for clinical diagnostic group based onmixed-effects
partial proportional odds ordinal logistic regressionmodels (N= 1843)

Ethnicity x biomarkers APOE ε4 x biomarkers

MCI or dementia relative

to cognitively

unimpaired

Dementia relative toMCI

or cognitively

unimpaired

MCI or dementia relative

to cognitively

unimpaired

Dementia relative toMCI

or cognitively

unimpaired

T-tau Interaction P= .040 Interaction P= .008 Interaction P= .815 Interaction P= .608

Hispanic OR: 1.216, 95%

CI= 1.050–1.408

Hispanic OR: 1.401, 95%

CI= 1.149–1.709

APOE ε4OR: 1.291, 95%

CI= 1.030–1.618

APOE ε4OR: 1.601, 95%

CI= 1.291–1.985

Non-Hispanic OR: 1.592,

95%CI= 1.289–1.968

Non-Hispanic OR: 2.052,

95%CI= 1.675–2.154

Non-APOE ε4OR: 1.332,

95%CI= 1.159–1.530

APOE ε4OR: 1.720, 95%

CI= 1.441–2.054

NfL Interaction P= .549 Interaction P= .647 Interaction P= .002* Interaction P= .656

Hispanic OR: 1.434, 95%

CI= 1.219–1.688

Hispanic OR: 2.104, 95%

CI= 1.701–2.603

APOE ε4OR: 2.203, 95%

CI= 1.630–2.979

APOE ε4OR: 2.340, 95%

CI= 1.739–3.149

Non-Hispanic OR: 1.574,

95%CI= 1.198–2.067

Non-Hispanic OR: 2.273,

95%CI= 1.738–2.975

Non-APOE ε4OR: 1.319,

95%CI= 1.129–1.540

Non-APOE ε4OR: 2.166,

95%CI= 1.788–2.625

GFAP Interaction P= .099 Interaction P= .082 Interaction P< .001* Interaction P= .958

Hispanic OR: 1.423, 95%

CI= 1.179–1.717

Hispanic OR: 2.008, 95%

CI= 1.582–2.548

APOE ε4OR: 2.528, 95%

CI= 1.865–3.425

APOE ε4OR: 2.489, 95%

CI= 1.870–3.314

Non-Hispanic OR: 1.828,

95%CI= 1.419–2.355

Non-Hispanic OR: 2.700,

95%CI= 2.096–3.478

Non-APOE ε4OR: 1.307,

95%CI= 1.100–1.554

Non-APOE ε4OR: 2.466,

95%CI= 1.972–3.085

UCHL1 Interaction P= .101 Interaction P= .152 Interaction P= .193 Interaction P= .862

Hispanic OR: 0.935, 95%

CI= 0.794–1.101

Hispanic OR: 1.076, 95%

CI= 0.872–1.326

APOE ε4OR: 1.173, 95%

CI= 0.903–1.524

APOE ε4OR: 1.219, 95%

CI= 0.962–1.546

Non-Hispanic OR: 1.171,

95%CI= 0.944–1.453

Non-Hispanic OR: 1.329,

95%CI= 1.086–1.627

Non-APOE ε4OR: 0.964,

95%CI= 0.831–1.118

Non-APOE ε4OR: 1.188,

95%CI= 0.996–1.417

sCD14 Interaction P= .281 Interaction P= .889 Interaction P= .507 Interaction P= .237

Hispanic OR: 1.061, 95%

CI= 0.913–1.232

Hispanic OR: 1.131, 95%

CI= 0.925–1.383

APOE ε4OR: 1.074, 95%

CI= 0.852–1.353

APOE ε4OR: 1.061, 95%

CI= 0.868–1.296

Non-Hispanic OR: 0.932,

95%CI= 0.776–1.121

Non-Hispanic OR: 1.110,

95%CI= 0.938–1.315

Non-APOE ε4OR: 0.981,

95%CI= 0.854–1.127

Non-APOE ε4OR: 1.244,

95%CI= 1.053–1.470

YKL-40 Interaction P= .804 Interaction P= .027 Interaction P= .731 Interaction P= .151

Hispanic OR: 1.163, 95%

CI= 1.016–1.331

Hispanic OR: 1.537, 95%

CI= 1.260–1.876

APOE ε4OR: 1.117, 95%

CI= 0.886–1.408

APOE ε4OR: 1.150, 95%

CI= 0.927–1.425

Non-Hispanic OR: 1.126,

95%CI= 0.907–1.398

Non-Hispanic OR: 1.127,

95%CI= 0.927–1.371

Non-APOE ε4OR: 1.169,

95%CI= 1.025–1.332

Non-APOE ε4OR: 1.399,

95%CI= 1.177–1.663

Note: Interaction terms displayed for separate mixed-effects partial proportional odds ordinal logistic regression models on clinical diagnostic group with

additional covariates for age, sex, ethnicity, APOE ε4 status, education, site, and serum biomarkers.

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; GFAP, glial fibrillary acidic protein; MCI, mild cognitive impairment; NfL, neurofilament light;

OR, odds ratio; sCD14, soluble cluster of differentiation14; t-tau, total tau;UCHL1, ubiquitin carboxyl-terminal hydrolase L1;YKL-40, chitinase-3-likeprotein

1.

*P< .008 level of significance after Bonferroni correction for six biomarkers.

Serum GFAP levels were strongly associated with diagnostic group,

global cognition, learning, and memory. GFAP is an intermediate fila-

ment that forms the cytoskeleton of mature astrocytes.31 In the pres-

ence of plaques and neurofibrillary tangles, astrocytes undergo mor-

phological changes, transforming into a reactive state with greater

expression of GFAP.32 Elevations in CSF GFAP levels have been

reported in individuals with ADRD relative to cognitively unimpaired

groups.33 In addition, a small study found that serum GFAP had high

sensitivity and specificity for distinguishing between AD and cogni-

tively unimpaired groups.34 Enhanced knowledge of this pathophysio-

logical process, as well as the ability to monitor and track levels in vivo,

has the potential to enhance the development of dementia treatments

targeting neuroinflammatorymechanisms.

The potential role of neuroinflammation in dementia was further

highlighted by the associations of serum YKL-40 with clinical diagnos-

tic group and memory performance. YKL-40 is considered a marker

of microglia- and astroglia-derived neuroinflammation.13 Elevations in

CSF and plasma levels of YKL-40 have been associated with AD and

other neurodegenerative conditions in previous studies.35,36 These

results, combined with the current findings, suggest that YKL-40 lev-

els may be amarker of cognitive impairment and further implicate glial

injury underlying neurodegenerative processes.
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Of the six biomarkers examined, two, sCD14 and UCHL1, were

not associated with diagnostic group or cognition. sCD14 is a surface

myeloid glycoprotein, expressed in microglial cells in the central ner-

vous system,37 as well as monocytes and neutrophils in the peripheral

nervous system.38 It remains unclear if sCD14 derived from the cen-

tral nervous system is detected in blood. UCHL1 is a de-ubiquitinating

enzyme involved in proteasomal degradation including the breakdown

of the amyloid precursor protein.15 Within theCSF, individualswithAD

have been found to have higher UCHL1 levels relative to individuals

without cognitive impairment.39 Further research is needed to evalu-

ate if UCHL1 levels in blood correlate with CSF values.

One of the strengths of our study was inclusion of a bi-ethnic His-

panic and non-Hispanic White cohort. The majority of the findings

were consistent across ethnic groups. However, the associations of

some biomarkers with cognitive outcomes displayed significant inter-

actions with weaker effects observed in Hispanics relative to non-

Hispanic Whites. It is important to note that our study lacked vali-

dated biomarker confirmation of neurodegenerative disease pathol-

ogy such as amyloid beta and tau derived from CSF or PET imaging.24

As clinical diagnoses were assigned from consensus reviews of clinical

data, which may be confounded by factors such as culture, education,

and literacy,40 neuropathological burdenmay have differed across eth-

nic groups assigned to the same diagnostic category. Moreover, ethnic

interactions, with the exception of NfL for learning, were no longer sig-

nificant when examining a subsample of Hispanics and non-Hispanic

Whites matched across the factors of age, sex, education, APOE ε4 sta-
tus, and clinical diagnostic group. The results highlight the potential

influence of ethnic disparities across environmental and biological fac-

tors, including education, access to care, and burden of comorbidities,

on ADRD biomarker values.10,41,42 Ethnic and/or racial differences in

ADRD biomarkers have been reported in other studies. For example,

older Black adults have been reported to display lower CSF total and

phosphorylated tau levels than non-HispanicWhite adults.43 Addition-

ally, a prior studyusing theTARCCcohort reported thatMexicanAmer-

icans displayed a different multiplex biomarker protein signature for

AD than non-HispanicWhiteswith a greater extent of proteins reflect-

ing metabolic perturbations.44 Therefore, additional research is nec-

essary to determine the interplay of environmental, behavioral, and

biological factors that may contribute to variances in ADRD biofluid

marker values across diverse ethnic and racial groups.10,41,42

While our study had many strengths, including a large bi-ethnic

cohort, several limitations need to be considered. First, the distribu-

tion of Hispanic and White non-Hispanic participants varied across

core demographics as well as diagnostic groups. Ethnic group inter-

actions were generally no longer significant when examined in a sub-

set of demographicallymatchedHispanic and non-HispanicWhite par-

ticipants. A limitation of our study is the lack of available data to

explore contextual and individual factors, such as household income,

occupation, exposure to stress, and genetics, which may contribute to

variances in biomarker values across and within diverse ethnoracial

groups.10,41,42 Another limitation is that our study used a retrospec-

tive cohort with data collection across several institutions and many

years. As such, differences in specimen collection and timing likely

exist, which may be contributing to the variability in some markers.2

Finally, our study does not have established PET or CSF biomarkers

for AD,24 precluding our ability to confirm clinical diagnoses. Impor-

tantly, etiological contributions to MCI and dementia may have dif-

fered across the ethnic groups, contributing to divergence in some

findings.

In summary, we identified four serum biomarkers, t-tau, NfL, GFAP,

and YKL-40, that discriminated among cognitively unimpaired, MCI,

and dementia groups within a bi-ethnic cohort of Hispanic and non-

Hispanic White older adults. Our results add to the growing litera-

ture indicating that blood-based biomarkers may be viable tools for

detecting cognitive impairment and neurodegenerative conditions—

at least at the population-level.4,5,7,45 Moreover, our study reported

interactions betweenethnicity andbiomarker levels for somecognitive

outcomes, which were generally no longer significant within a demo-

graphically matched subsample of Hispanic and non-Hispanic White

participants. Future research is needed to determine the interplay of

multidimensional sociocultural, environmental, and biological factors

that may contribute to ethnic differences in ADRD biofluid marker

values.10,41,42
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SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.
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