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Abstract

Introduction: We examine whether the association between key plasma biomarkers

(amyloid β [aβ] 42/40, total tau (t-tau), neurofilament light [NfL]) and cognitive tra-

jectories (executive function [EF] and episodic memory [EM]) is mediated through

neurodegeneration.

Methods: All participants were recruited from the University of California, Davis-

Alzheimer’sDiseaseResearchCenter (n=473; baseline age range=49—95years, 60%

women). We applied an accelerated longitudinal design to test latent growth models

for EF and EM, and path andmediation analyses. Age was centered at 75 years, and all

models were adjusted for sex, education, and ethnicity.

Results: HV differentially mediated the association aβ 42/40 and NfL on EF and EM

level and change. Hippocampal volume (HV) did not mediate the association between

t-tau and cognitive performance.

Discussion:Neurodegeneration as representedwithHV selectivelymediates the asso-

ciation between key non-invasive plasma biomarkers and cognitive trajectories in an

ethnoracially and clinically diverse community-based sample.

KEYWORDS

Alzheimer’s disease, amyloid β42/40, cognition, hippocampal volume, neurofilament light, plasma
biomarkers, total-tau
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1 INTRODUCTION

Biomarkers to identify older adults at risk of dementia and acceler-

ated cognitive decline are central to early and accurate diagnosis of

neurodegenerative diseases.1 There is an urgent need for easily imple-

mented multi-ethnic community-based biomarkers for earlier detec-

tion of at-risk individuals. Current research on fluid and neuroimaging

biomarkers has undergone rapid development.1 For example, recently

developed non-invasive, cost effective and highly accurate plasma

assays1,2 have been shown to correlate significantly with the stan-

dard cerebrospinal fluid (CSF) or positron emission tomography (PET)

biomarkers for Alzheimer’s disease (AD) diagnosis.3,4

Specifically, amyloid β (aβ) 42 and aβ40 are markers of aβ plaque

accumulation, phosphorylated and total tau (p-tau and t-tau, respec-

tively) are important indicators of neurofibrillary tangles, and neu-

rofilament light (NfL) represents degeneration of myelinated axons.

Lower plasma aβ 42/40,5 higher p-tau and t-tau,6 and higher NfL7

have been associated with lower cognitive performance, steeper cog-

nitive decline, increased dementia risk,6,8 and neurodegeneration in

cognitively unimpaired older adults9 and dementia patients10 in study

cohorts of predominantly non-Hispanic white individuals. Although

recent studies have identified racial differences between CSF aβ42,
t-tau, and p-tau,11 plasma t-tau and NfL results are just starting

to be examined in ethnoracially diverse populations.12 This includes

older adults who may be at higher risk (i.e., African Americans and

Hispanics) for accelerated cognitive13 and functional decline,14 and

are more likely to have mixed neuropathology15 as a cause for

dementia.

Given the important role of neurodegeneration in Alzheimer’s

disease and related dementias (ADRD)16 and cognitive decline, in com-

bination with the strong potential of plasma biomarkers for future use

in clinical settings,17 it is essential to understand how and whether

neurodegeneration mediates the association between key plasma

biomarkers and cognition in ethnoracially diverse populations. We

selected a robust andmultifaceted brainmorphometry region in cogni-

tive aging and ADRD research for two key reasons. First, hippocampal

volume (HV) has been shown to discriminate not only AD but also nor-

mal aging from mild cognitive impairment (MCI).49 Second, HV has

been associated with not just episodic memory (EM) but also process-

ing speed, working memory, and executive function (EF)18 in older

adults and is a sensitive marker for early AD detection.19 Thus, hip-

pocampal atrophy, a well-documented aging process was optimally

suited for our purposes.

In the present study, we examine whether three robust plasma

biomarkers (aβ 42/40, t-tau, NfL) predict performance and change in

two key cognitive domains (EF and EM) and whether neurodegener-

ation typically observed in AD (as measured by HV), explains these

association in an ethnoracially and clinically diverse population. We

hypothesized that HV would mediate the association between each

plasma biomarker (lower aβ 42/40, higher t-tau, and higher NfL) and

cognition (poorer EF and EMperformance and steeper decline).

RESARCH INCONTEXT

1. Systematic review: We reviewed the literature (e.g.,

PubMed) on plasma biomarkers and cognitive decline

with a focus on synergistic associations between key

dementia plasma biomarkers and brain morphom-

etry. Specifically, whether the association between

plasma amyloid beta 42/40, total-tau, and neurofil-

ament light (NfL), and cognitive decline is mediated

through brain morphometry. We did not find any such

reports.

2. Interpretation: Our findings suggests that hippocampal

volume (HV) (key marker of neurodegeneration) selec-

tivelymediates the association between plasma biomark-

ers andepisodicmemory (EM) andexecutive function (EF)

trajectories in clinically heterogenous and ethnoracially

diverse population.

3. Future directions: Our findings provide support and

direction to make relevant comparisons with more

established cerebrospinal fluid (CSF) and amyloid and

tau positron emission topography markers across a

broad range of cognitive domains and neurodegenerative

markers.

2 METHODS

2.1 Participants

We used data from the University of California, Davis-Alzheimer’s

DiseaseResearchCohort (UCD-ADRC),20 an ethnoracially diverse lon-

gitudinal study representing community dwelling older adults who

are cognitively normal or diagnosed as MCI or demented. The UCD-

ADRC and all data collection are in full and certified compliance with

the human/institutional review board. Written informed consent was

obtained from all participants or their legal representatives. Ethnicity

and racial statuswere self-reported, and standard criteria andmethods

were followed for cognitive status diagnosis.21 Participants received

a multidisciplinary clinical evaluation using the Uniform Data Set

battery.21,22 For thepresent study,weused a subsample of participants

withplasmabiomarkerdata (N=493) andat least oneneuropsycholog-

ical assessment (n = 20 were excluded). Accordingly, 473 participants

(mean age = 74.80 (7.22) years old, baseline age range = 49–95 years

old) were included (see Table 1), of these, 444 individuals had Mag-

netic Resonance Imaging (MRI) hippocampal measures and did not

meet abiomarkerdefinitionofAD.UCD-ADRCcohort followsa rolling-

enrollment design and the present study uses 10 follow-ups of data on

participants differing in baseline age.
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2.2 Plasma biomarkers

2.2.1 Sample collection

Blood samples were randomly obtained, processed within 2 hours, and

stored in 250 μL aliquots at -80◦C using previously reported standard

procedures.23 Methodological details for aβ, t-tau, and NfL are in the

supplementarymethods.

2.3 Magnetic resonance imaging (MRI) acquisition
protocols and processing

Structural MRI scans for 118 participants were obtained at the UCD

MRI research center on a 3T Siemens (Munich, Germany) Magnetom

Trio Syngo System with an eight-channel head coil. Acquired images

included a T1-weighted volumetric magnetization-prepared rapid gra-

dient echo (repetition time [TR] 2500, echo time [TE] 2.94 or 2.98,

inversion time [TI] 1100, with 1 mm3 isotropic resolution) and a fluid-

attenuated inversion recovery (FLAIR) scan (TR 5000, TE 403, TI 1700,

with 1.00× 1.00mm2 in-plane resolution and 2.00mm slice thickness).

MRI scans using a 1.5T GE (Cleveland, OH) Signa Genesis system at

the UCD were obtained from 209 individuals. Each session included

a T1-weighted 3D spoiled gradient recalled echo scan (TR 9, TE 1.9,

with 0.98 × 0.98 mm2 in-plane resolution and 1.5 mm slice thickness)

and a FLAIR scan (TR 11002, TE 147, TI 2250, with 0.98 × 0.98 mm2

in-plane resolution and 3.00 mm slice thickness). Finally, MRI scans

from 110 subjects were performed on a Philips Eclipse 1.55T machine

consisting of a T1 weighted rapid imaging protocol (TR 9, TE 2.4 with

1×1×1.5 mm resolution) and a FLAIR protocol (TR 11000, TE 140, TI

2250with 0.86×0.86×3.0mmresolution). Complete details on acqui-

sition and imaging processing are available elsewhere.24,25 MRI scan

information for n = 7 were missing. For the present study, HVs were

calculated using a multi-atlas hippocampal segmentation algorithm26

implemented in the Imaging of Dementia and Aging (IDeA) laboratory

at UCDavis. All HVsmeasurements were corrected for total cerebrum

cranial volume (TCV) for each participant (using the residual method

where we regress HV on TCV brain volumes and save the residuals).

The mean time lag between HV measurements and blood draw used

to derive plasma biomarkers was minimal (mean = 0.58 ± 1.03 years;

range = 0 to 6 years). A total of 348 of 444 participants (78%) had 0

years of difference, and4caseswith>5years of differences (<1%). The

mean time lag from initial assessment toMRI was 0.13± 0.14 years.

2.4 Neuropsychological assessments

We examined two key domains to study cognitive performance and

change. EF and EM composite scores have extensively been tested

and applied in the UCD-ADRC diversity cohort using the Spanish

and English Neuropsychological Assessment Scale (SENAS).24,27 EM is

derived from a verbal score based on a multi-trial word list learning

test and EF is a composite measure of category fluency, phonemic flu-

ency (letter), and working memory (digit span backward, visual span

backward, list sorting). Both scores have been shown to be invariant

between ethnic groups and longitudinally invariant.28 Relevant pro-

cedure and psychometric characteristics of the SENAS battery are

available.27 Follow-ups were approximately 1.2 to 1.5 years.

2.5 Statistical analysis

Baseline participant characteristics were compared by ethnicity and

diagnosis using analysis of variance for continuous variables and a chi-

squared test for categorical variables. Continuous measures (i.e., age)

were summarized usingmeans and standard deviations, whereas cate-

gorical measures were summarized using counts and percentages. We

used structural equation modeling (SEM) for all analyses inMplus Ver-

sion 7.4. Latent growth models in SEM account for unique trajectories

of each individual and are not limited to specific directions of change

for latent factors. All missing values for EF and EM measures were

assumed to be missing at random and were estimated using maximum

likelihood. Cases with missing predictor values were removed using

list-wise deletion in Mplus 7.4. Age instead of wave was used as the

metric of change and accounted for any variability associated with age

directly in themodel.29

2.5.1 Latent growth models for EF and EM

We applied latent growth modeling and determined the best latent

growth model for the EF and EM composite scores using age as the

metric of time for 10 follow-ups.Weused the samemethodology as the

one employed in a previous study29 for latent growthmodeling.

2.5.2 Path analysis

Path analyses were conducted to test the association between each

plasma biomarker and cognitive performance and change. Specifically,

EF and EM level and slope were regressed on aβ 42/40, t-tau, and NfL.
Sex, education (years), and ethnicity (AfricanAmericans,Hispanics, and

Whites) were added as covariates in all models.

2.5.3 Mediation analyses

Only significant associations between plasma biomarker and cognitive

performance and change were further tested for mediation with HV.

Specifically, HV was added as a mediator to test whether the asso-

ciation between plasma biomarker and cognition is explained by HV

(see conceptual model in Figure 1). The mediation model inMplus Ver-

sion7.4 calculates the indirect effectwith bias-correctedbootstrapped

95% confidence intervals (CI) method, where the dataset is resam-

pled with replacement over 5000 iterations,30 to test the mediation

effect for each path analysis. Significant mediation was determined by
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F IGURE 1 Conceptual mediationmodel. Association between plasma biomarkers (amyloid β 42/40 [aβ 42/40], total-tau [t-tau], neurofilament
light [NfL]) and cognitive trajectories (executive function [EF] and episodic memory [EM]) aremediated by hippocampal volume

examining the model indirect pathway for significance (P < .05). Sex,

education, and ethnicity were added as covariates in all models. All

models were identified as completely mediated when the association

between plasma biomarker and cognitionwas no longer significant and

partially mediated when both the association and the mediation was

significant.

3 RESULTS

3.1 Demographics

Descriptive statistics for all baseline characteristics and comparisons

by ethnicity and diagnosis are presented in Table 1. Mean baseline

age of participants was 74.80 (7.22) years with 60% female and aver-

age education of 12.51 (4.90) years. aβ 42/40 levels were significantly

lower in Whites compared to Hispanics and African Americans. aβ
42/40 levels also were significantly lower in the demented group

compared to MCI or cognitively normal group. The t-tau levels were

significantly lower in the cognitively normal group compared to MCI.

NfL levels were significantly lower in cognitively normal compared to

theMCI or the demented group (see Table 1).

3.2 Latent growth modeling

To find the best fit approximation of level and change in cognition, we

tested five separate models, including non-linear estimates. Using tra-

ditional fitting metrics of AIC and BIC, we found stepwise significant

improvement of themodel by adding a random intercept and slope.We

observed that the random intercept (level) and random slope growth

model provided the best fit to our EF and EM scores (Supplementary

Table S1). Adding a quadratic estimate of change did not improve the

model. The random intercept and random slope model showed that

participants varied in their EF and EM level (at 75 years) and slopes

over time (SupplementaryFigureS1). All level and slopeestimatesofEF

and EMwere saved and used as dependent variables in our subsequent

models.

3.3 Path analysis for EF and EM

We observed that plasma biomarkers were differentially associated

with EF and EM performance and change. First, lower aβ 42/40 levels

were associated with poorer EF (level: β= 4.163, SE= 1.980, p= .036)

and EM performance (level: β = 6.902, SE = 2.957, p = .020) and

steeper EF (slope: β = 0.385, SE = 0.113, p = .001) and EM (slope:

β = 0.272, SE = 0.128, p = .034) decline. We note that to be con-

sistent in our presentation of all three plasma biomarker results, we

reversed the association of aβ 42/40 levels where, higher aβ 42/40

levels corresponding to higher cognitive performance and less decline

is represented as lower aβ 42/40 levels were associated with lower

cognitive performance and steeper decline. Second, higher t-tau was

associated with lower EF (level: β = -0.042, SE = 0.015, p = .005)

and EM (level: β = -0.050, SE = 0.022, p = .025) performance but

did not predict change in cognition. Third, higher NfL was associated

with lower EF (level: β = -0.164, SE = 0.062, p = .008) and EM (level:

β = -0.263, SE = 0.094, p = .005) performance and steeper EF (slope:

β= -0.009, SE= 0.004, p= .026) and EM (slope: β= -0.019, SE= 0.005,

p< .001) decline.

3.4 HV mediations

HV differentially mediated the association between each plasma

biomarker and cognitive performance and change (Figure 2A–C). First,

HV completely mediated the association between lower aβ 42/40 lev-

els and poorer EF performance and partially mediated steeper EF
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F IGURE 2 Path analysis and hippocampal mediationmodels for (A) amyloid β 42/40 (aβ 42/20), (B) total-tau (t-tau), and (C) neurofilament
light (NfL) on executive function (EF) and episodic memory (EM) performance (level) and change (slope).
Note: Solid arrows represent significant results and dashed arrows depict insignificant results.
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F IGURE 2 Continued

decline. Second, HV completely mediated the association between

lower aβ42/40 levels and poorer EMperformance and steeper decline.

For complete details see Supplementary Table S2. Third, there were

no significant HV mediations for t-tau with EF or EM performance.

Fourth, HV completely mediated the association between higher NfL

and steeper EF decline and poorer EM performance (Supplementary

Table S2 and Figure 2). Fifth, HV partially mediated the association

between higher NfL and steeper EMdecline (Supplementary Table S2).

We note that time difference in MRI scan and plasma collection as a

covariate did not change our overall mediation results.

4 DISCUSSION

We observed neurodegeneration (represented by HV) selectively

mediated the association between key plasma biomarkers on cognitive

trajectories in an ethnoracially diverse community-based sample. First,

lower plasma aβ 42/40, higher t-tau, and higher NfL predicted lower

EF and EM performance, and lower aβ 42/40 and higher NfL predicted
steeper EF and EM decline. Second, this association was partially or

completely explained by HV for (1) aβ 42/40 and EF performance and

decline, (2) aβ 42/40 and EM performance and decline, (3) NfL and EF

decline, and (4) NfL and EM performance and decline. Our findings in

this cohort suggest that (1) plasma NfL and aβ 42/40 levels are more

sensitive than t-tau in predicting cognitive decline and (2) HV medi-

ates the association between aβ 42/40 levels and cognition for both

EF and EMperformance and declinewhereas, the association between

NfL and EF performance was not mediated. In the paragraphs below,

we highlight five aspects related to the importance and significance of

these findings.

First, the current study is an extension of previous work on plasma

NfL3 to detect differences and changes across cognitive domains. Both

EF and EM are important for early identification of older adults at risk

of accelerated decline and differential diagnosis of dementia.31 NfL

is hypothesized to be a key marker of axonal injury and neurodegen-

eration, and plays an important role in nerve conduction velocity of

myelinated axons32 and may be sensitive to vascular or ADwhite mat-

ter neurodegeneration.33 As our cohort included individuals along the

spectrum of cognitive performance, we observed significantly lower

NfL levels in our cognitively normal group compared to the MCI and

demented groups. With sample size limitation in each group, we did

not perform mediation analyses as stratified by diagnoses. However,

these mean group differences further support our findings for higher

NfL (observed in theMCI and demented group) with poorer EF and EM

performance and steeper decline.

Second, we note that t-tau was significantly related to cognitive

performance but did not predict cognitive change. Although the con-

centration of aβ 42/40, p-tau, t-tau, and NfL in plasma are much lower

than inCSF,34 recent studies using a range of ultrasensitive assays have

shown significant associationswith each of the four plasmabiomarkers

and cognition.9,34,35 Our findings suggest that compared to aβ 42/40
and NfL, plasma t-tau may not fully capture high risk cognitive decline

profiles8 in a ethnoracially diverse group or early clinical phase of

dementia.36

Third, aβ 42/40 is a key player in AD pathogenesis,37 and as

expected, we observed lower plasma aβ 42/40 levels predicted

lower cognitive performance and steeper decline even in our eth-

noracially diverse cohort. Although inconclusive, our results suggest

that plasma aβ 42/40 levels are representative of both EF and EM
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changes. Future work should consider examining how plasma aβ
42/40 levels associate with amyloid in the brain and how decline in

other cognitive domains may be partially affected or possibly even

precede memory deterioration.38 We also observed that aβ 42/40

levels were lower in Whites compared to Hispanics and African

Americans in our cohort. This finding suggest aβ 42/40 levels may

be reflective of different underlying neuropathological mechanisms

influencing cognitive trajectories in different racial/ethnic groups11,12

as previously shown by our group.15 While previous studies report

that plasma aβ 42/40 are positively correlated with CSF aβ 42/404

and amyloid PET positivity,39 our findings raise the question of

whether plasma aβ 42/40 biomarkers are similarly correlated with
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established CSF and PET biomarkers of dementia in different

racial/ethnic groups.40

Fourth, we observed the association between aβ 42/40 levels and

cognition is partially or fully explained through HV. Hippocampal

atrophy, an important indicator of neurodegeneration in ADRD and

memory decline,41 may provide a pathway throughwhich aβ42/40 lev-
els are associated with EF and EM performance and decline. It is also

important to note this pathway may be more sensitive to EM decline

than EF decline, since EF decline was only partially mediated through

HV. Previous reports have focused on a global cognitive measure9 as

the primary outcome to examine plasma aβ 42/40 and cognitive asso-

ciations. We extend this work and provide novel insight on potential

underlying differences between plasma biomarkers across cognitive

domains (EF versus EM trajectories) in a clinically and ethnoracially

heterogenous population.

Fifth, HV selectively mediated the association between NfL and our

two cognitive domains. Specifically, HV completely explained the asso-

ciation betweenNfL and EMperformance and EF decline, and partially

explained the association between NfL and EM decline in our cohort.

Elevated NfL levels, which reflects greater axonal degeneration and

injury, in combinationwith hippocampal atrophy, may represent higher

risk of EF decline and lower EM performance. In previous research,

elevated plasma NfL has been shown to predict right hippocampal

atrophy in AD patients42 and is highly correlated with CSF NfL,3 t-

tau, p-tau, and aβ 42/40.43 Recent work also suggest low plasma

NfL levels protect against prodromal AD through elevated cortical

microglial activation.44 Hippocampal atrophy is highly associated with

EM performance45 and, in synergy with elevated NfL, may explain the

observed steeper EF decline and poorer EM performance and decline.

In our findings, HV did not mediate the association between NfL and

EF performance. This suggests the mediation for NfL and EF (level)

associations may occur through other brain structures (e.g., frontal

lobes; white matter injury) and should be considered in future work.

Although high NfL levels are not considered to be disease specific but

reflects overall neurodegeneration, our finding with higher NfL pre-

dicting lower EF and EM performance and steeper decline, suggests

that NfL mediation with hippocampal atrophy may indicate processes

beyond white matter injury that influences multiple cognitive domains

and longitudinal change.

Our study has strengths as well as limitations. A first strength is

that our plasma biomarker findings replicated the cognitive decline

observed with more established CSF (aβ, t-tau, NfL) and PET (amyloid

and tau) results. We extended this finding by showing that a key neu-

rodegenerative marker, HV, selectively mediates this association for

two important cognitive domains in a large ethnoracially and clinically

diverse cohort of community based older adults. Second, in our longi-

tudinal data analyses, we examined age as the metric of time, which

allowed us to incorporate chronological age directly into our analyses.

This approach allowed us to account for any variability associatedwith

age on the two cognitive domains and examine change across a 50-

year band of aging. Third, we included two well established cognitive

domains (EF and EM) in cognitive aging and dementia research. Both

cognitive factors include a range of standard neuropsychological tests

and have been extensively validated to be invariant, both across eth-

nic groups and longitudinally.27 Fourth, although, the present work is

limited to plasma biomarkers, we observed similar findings in the lit-

erature with corresponding CSF and PET biomarkers, which are highly

invasive and expensive AD biomarkers.

Regarding limitations, first, inconsistent and negative results have

been observed between plasma and CSF aβ42 levels in AD,46 suggest-

ing these differences may be due to assay techniques and the smaller

concentration present in blood versus CSF. Future work should con-

sider including CSF biomarkers in addition to amyloid and tau PET

markers to make relevant comparisons.47 Second, we did not exam-

ine our mediation models with other brain regions,48 nor as stratified

by clinical diagnoses, ethnicity, and Apolipoprotein E ε4 status. Future

studies with larger sample sizes are needed to account for differential

plasma biomarker levels and brainmorphometry and tomake accurate

conclusions regarding ethnicity, clinical, and genetic differences. Third,

we did not analyze p-tau levels in addition to our t-taumeasures. Previ-

ous studies have reported inconsistent findings between plasma p-tau

and t-tau in AD50 and future studies with the availability of both p-tau

and t-tau should consider investigating both biomarkers to elucidate

thesediscrepancies asp-taumaybemore sensitive todetect changes in

cognition.35 Fourth, our plasma biomarkers data were only measured

at baseline, and longitudinal data as well as post-mortem diagnoses

to denote the underlying pathophysiology of dementia biomarkers

are needed to provide an in-depth understanding of the association

between change in plasma biomarkers with cognitive changes in a

heterogenous population.

In sum, we observed that the associations of plasma aβ 42/40 and

NfL, with cognitive performance and trajectory, is differentially medi-

ated by HV in an ethnoracially and clinically diverse cohort. Future

work should consider examining the underlying molecular pathways

to understand how neurodegeneration may mediate the risk observed

with non-invasive plasma biomarkers in dementia. Understanding

the underlying neural and pathological mechanisms for blood-based

biomarker pathways may lead to early identification of high demen-

tia risk profiles in clinical practice and person-centered intervention

programs in diverse populations.

ACKNOWLEDGMENTS

The authors thank the participants of this study and the staff who sup-

port this effort. This study was supported by grants P30 AG10129,

UH3NS100605, and P30 AG066546.

CONFLICT OF INTEREST

All authors report no disclosures relevant to the manuscript. Author

disclosures are available in the supporting information.

AUTHOR CONTRIBUTIONS

Shraddha Sapkota drafted the manuscript, participated in the study

concept and design, analyzed, and interpreted the data. Kelsey

Erickson, Danielle Harvey, Tiffany Kautz, and Danielle Parent

contributed towards plasma biomarker analysis. Charles DeCarli

obtained funding, designed the study, participated in the analysis,



10 of 11 SAPKOTA ET AL.

and critical review of the final manuscript. All authors revised the

manuscript.

REFERENCES

1. Zetterberg H, Blennow K. Moving fluid biomarkers for Alzheimer’s

disease from research tools to routine clinical diagnostics. Mol Neu-
rodegener. 2021;16:1-7. doi: 10.1186/S13024-021-00430-X

2. Zetterberg H. Blood-based biomarkers for Alzheimer’s disease – An

update. JNeurosciMethods. 2019;319:2-6. doi: 10.1016/J.JNEUMETH.

2018.10.025

3. Mattsson N, Andreasson U, Zetterberg H, Blennow K. Association of

plasma neurofilament light with neurodegeneration in patients with

Alzheimer disease supplemental content. JAMA Neurol. 2017;74:557-
566. doi: 10.1001/jamaneurol.2016.6117

4. Risacher SL, Fandos N, Romero J, et al. Plasma amyloid beta levels

are associated with cerebral amyloid and tau deposition. Alzheimers
Dement (Amst). 2019;11:510. doi: 10.1016/J.DADM.2019.05.007

5. Giudici KV, Barreto P de S, Guyonnet S, et al. Assessment of plasma

amyloid-β42/40 and cognitive decline among community-dwelling

older adults. JAMA Netw Open. 2020;3:e2028634-e2028634. doi: 10.
1001/JAMANETWORKOPEN.2020.28634

6. Mattsson N, Zetterberg H, Janelidze S, et al. Plasma tau

in Alzheimer disease. Neurology. 2016;87:1827-1835. doi:

10.1212/WNL.0000000000003246

7. Qu Y, Tan C-C, Shen X-N, et al. Association of plasma neurofilament

light with small vessel disease burden in nondemented elderly. Stroke.
2021;52:896-904. doi: 10.1161/STROKEAHA.120.030302

8. de Wolf F, Ghanbari M, Licher S, et al. Plasma tau, neurofila-

ment light chain and amyloid-b levels and risk of dementia; a

population-based cohort study. Brain. 2020;143:1220-1232. doi: 10.
1093/BRAIN/AWAA054

9. Cullen NC, Leuzy A, Janelidze S, et al. Plasma biomarkers of

Alzheimer’s disease improve prediction of cognitive decline in cogni-

tively unimpaired elderly populations. Nat Commun. 2021;12:1-9. doi:
10.1038/s41467-021-23746-0

10. Deters KD, Risacher SL, Kim S, et al. Plasma tau association with

brain atrophy in mild cognitive impairment and Alzheimer’s disease. J
Alzheimers Dis. 2017;58:1245. doi: 10.3233/JAD-161114

11. Morris JC, Schindler SE, McCue LM, et al. Assessment of racial dispar-

ities in biomarkers for Alzheimer disease. JAMA Neurol. 2019;76:264-
273. doi: 10.1001/JAMANEUROL.2018.4249

12. Rajan KB, Aggarwal NT,McAninch EA, et al. Remote blood biomarkers

of longitudinal cognitive outcomes in a population study. Ann Neurol.
2020;88:1065-1076. doi: 10.1002/ANA.25874

13. Gupta S. Racial and ethnic disparities in subjective cognitive decline: a

closer look, United States, 2015-2018.BMCPublic Heal. 2021;21:1-12.
doi: 10.1186/S12889-021-11068-1

14. Williams ED, Cox A, Cooper R. Ethnic differences in functional lim-

itations by age across the adult life course. Journals Gerontol Ser A.
2020;75:914-921. doi: 10.1093/GERONA/GLZ264

15. Filshtein TJ, Dugger BN, Jin L-W, et al. Neuropathological diagnoses

of dementedHispanic, Black, andNon-HispanicWhite decedents seen

at an Alzheimer’s Disease Center. J Alzheimers Dis. 2019;68:145. doi:
10.3233/JAD-180992

16. Desikan RS, Cabral HJ, Hess CP, et al. Automated MRI measures

identify individuals with mild cognitive impairment and Alzheimer’s

disease. Brain. 2009;132:2048-2057. doi: 10.1093/BRAIN/AWP123

17. Horgan D, Nobili F, Teunissen C, et al. Biomarker testing: piercing the

fogofAlzheimer’s and relateddementia.BiomedHub. 2020;5:1-22. doi:
10.1159/000511233

18. O’SheaA,CohenRA, PorgesEC,NissimNR,WoodsAJ.Cognitive aging

and the hippocampus in older adults. Front Aging Neurosci. 2016;8:298.
doi: 10.3389/FNAGI.2016.00298/BIBTEX

19. de Flores R, La Joie R, Chételat G. Structural imaging of hippocam-

pal subfields in healthy aging and Alzheimer’s disease. Neuroscience.
2015;309:29-50. doi: 10.1016/J.NEUROSCIENCE.2015.08.033

20. Hinton L, Carter K, Reed BR, et al. Recruitment of a community-based

cohort for research on diversity and risk of dementia. Alzheimer Dis
Assoc Disord. 2010;24:234. doi: 10.1097/WAD.0B013E3181C1EE01

21. Morris JC, Weintraub S, Chui HC, et al. The Uniform Data Set (UDS):

clinical and cognitive variables and descriptive data from Alzheimer

Disease Centers. Alzheimer Dis Assoc Disord. 2006;20:210-216. doi:
10.1097/01.WAD.0000213865.09806.92

22. Weintraub S, Salmon D, Mercaldo N, et al. The Alzheimer’s Disease

Centers’ Uniform Data Set (UDS): the neuropsychologic test bat-

tery. Alzheimer Dis Assoc Disord. 2009;23:91-101. doi: 10.1097/WAD.

0B013E318191C7DD

23. Wilcock D, Jicha G, Blacker D, et al. MarkVCID cerebral small vessel

consortium: I. Enrollment, clinical, fluid protocols. Alzheimers Dement.
2021;17:704-715. doi: 10.1002/ALZ.12215

24. Han JW, Maillard P, Harvey D, et al. Association of vascular brain

injury, neurodegeneration, amyloid, and cognitive trajectory. Neurol-
ogy. 2020;95:e2622-e2634. doi: 10.1212/WNL.0000000000010531

25. Carmichael O, Mungas D, Beckett L, et al. MRI predictors of cogni-

tive change in a diverse and carefully characterized elderly popula-

tion.Neurobiol Aging. 2012;33:83. doi: 10.1016/J.NEUROBIOLAGING.

2010.01.021

26. Aljabar P, Heckemann RA, Hammers A, Hajnal JV, Rueckert D. Multi-

atlas based segmentation of brain images: atlas selection and its

effect on accuracy. Neuroimage. 2009;46:726-738. doi: 10.1016/J.
NEUROIMAGE.2009.02.018

27. Mungas D, Reed BR, Crane PK, Haan MN, González H. Spanish

and English Neuropsychological Assessment Scales (SENAS): fur-

ther development and psychometric characteristics. Psychol Assess.
2004;16:347-359. doi: 10.1037/1040-3590.16.4.347

28. Mungas D, Widaman KF, Reed BR, Tomaszewski Farias S. Measure-

ment invariance of neuropsychological tests in diverse older persons.

Neuropsychology. 2011;25:260-269. doi: 10.1037/A0021090
29. Sapkota S, Bäckman L, Dixon RA. Executive function performance

and change in aging is predicted by apolipoprotein E, intensified by

catechol-O-methyltransferase and brain-derived neurotrophic factor,

and moderated by age and lifestyle. Neurobiol Aging. 2017;52:81-89.
doi: 10.1016/j.neurobiolaging.2016.12.022

30. Hayes AF. Beyond Baron and Kenny: statistical mediation analysis

in the new millennium. Commun Monogr. 2009;76:408-420. doi: 10.
1080/03637750903310360

31. Baudic S, Barba GD, Thibaudet MC, Smagghe A, Remy P, Traykov L.

Executive function deficits in early Alzheimer’s disease and their rela-

tions with episodic memory. Arch Clin Neuropsychol. 2006;21:15-21.
doi: 10.1016/J.ACN.2005.07.002

32. Yuan A, Rao MV, Veeranna NixonRA. Neurofilaments and neurofila-

ment proteins in health and disease. Cold Spring Harb Perspect Biol.
2017;9:a018309. doi: 10.1101/CSHPERSPECT.A018309

33. Walsh P, Sudre CH, Fiford CM, et al. The age-dependent associations

of white matter hyperintensities and neurofilament light in early- and

late-stage Alzheimer’s disease. Neurobiol Aging. 2021;97:10-17. doi:
10.1016/J.NEUROBIOLAGING.2020.09.008

34. Li D, Mielke MM. An update on blood-based markers of Alzheimer’s

disease using the SiMoA platform. Neurol Ther. 2019;8:73. doi: 10.
1007/S40120-019-00164-5

35. Janelidze S, Teunissen CE, Zetterberg H, et al. Head-to-head compar-

ison of 8 plasma amyloid-β 42/40 assays in Alzheimer disease. JAMA
Neurol. 2021;78:1375-1382. doi: 10.1001/JAMANEUROL.2021.3180

36. Sugarman MA, Zetterberg H, Blennow K, et al. A longitudinal exam-

ination of plasma neurofilament light and total tau for the clinical

detection and monitoring of Alzheimer’s disease. Neurobiol Aging.
2020;94:60-70. doi: 10.1016/J.NEUROBIOLAGING.2020.05.011

https://doi.org/10.1186/S13024-021-00430-X
https://doi.org/10.1016/J.JNEUMETH.2018.10.025
https://doi.org/10.1016/J.JNEUMETH.2018.10.025
https://doi.org/10.1001/jamaneurol.2016.6117
https://doi.org/10.1016/J.DADM.2019.05.007
https://doi.org/10.1001/JAMANETWORKOPEN.2020.28634
https://doi.org/10.1001/JAMANETWORKOPEN.2020.28634
https://doi.org/10.1212/WNL.0000000000003246
https://doi.org/10.1161/STROKEAHA.120.030302
https://doi.org/10.1093/BRAIN/AWAA054
https://doi.org/10.1093/BRAIN/AWAA054
https://doi.org/10.1038/s41467-021-23746-0
https://doi.org/10.3233/JAD-161114
https://doi.org/10.1001/JAMANEUROL.2018.4249
https://doi.org/10.1002/ANA.25874
https://doi.org/10.1186/S12889-021-11068-1
https://doi.org/10.1093/GERONA/GLZ264
https://doi.org/10.3233/JAD-180992
https://doi.org/10.1093/BRAIN/AWP123
https://doi.org/10.1159/000511233
https://doi.org/10.3389/FNAGI.2016.00298/BIBTEX
https://doi.org/10.1016/J.NEUROSCIENCE.2015.08.033
https://doi.org/10.1097/WAD.0B013E3181C1EE01
https://doi.org/10.1097/01.WAD.0000213865.09806.92
https://doi.org/10.1097/WAD.0B013E318191C7DD
https://doi.org/10.1097/WAD.0B013E318191C7DD
https://doi.org/10.1002/ALZ.12215
https://doi.org/10.1212/WNL.0000000000010531
https://doi.org/10.1016/J.NEUROBIOLAGING.2010.01.021
https://doi.org/10.1016/J.NEUROBIOLAGING.2010.01.021
https://doi.org/10.1016/J.NEUROIMAGE.2009.02.018
https://doi.org/10.1016/J.NEUROIMAGE.2009.02.018
https://doi.org/10.1037/1040-3590.16.4.347
https://doi.org/10.1037/A0021090
https://doi.org/10.1016/j.neurobiolaging.2016.12.022
https://doi.org/10.1080/03637750903310360
https://doi.org/10.1080/03637750903310360
https://doi.org/10.1016/J.ACN.2005.07.002
https://doi.org/10.1101/CSHPERSPECT.A018309
https://doi.org/10.1016/J.NEUROBIOLAGING.2020.09.008
https://doi.org/10.1007/S40120-019-00164-5
https://doi.org/10.1007/S40120-019-00164-5
https://doi.org/10.1001/JAMANEUROL.2021.3180
https://doi.org/10.1016/J.NEUROBIOLAGING.2020.05.011


SAPKOTA ET AL. 11 of 11

37. Graff-Radford NR, Crook JE, Lucas J, et al. Association of low plasma

Aβ42/Aβ40 ratios with increased imminent risk for mild cognitive

impairment andAlzheimer disease.ArchNeurol. 2007;64:354-362. doi:
10.1001/ARCHNEUR.64.3.354

38. CarlsonMC, XueQ-L, Zhou J, Fried LP. Executive decline and dysfunc-

tion precedes declines inmemory: thewomen’s health and aging study

II. J Gerontol A Biol Sci Med Sci. 2009;64A:110. doi: 10.1093/GERONA/

GLN008

39. Doecke JD, Pérez-Grijalba V, Fandos N, et al. Total Aβ42/Aβ40
ratio in plasma predicts amyloid-PET status, independent of clinical

AD diagnosis. Neurology. 2020;94:e1580-e1591. doi: 10.1212/WNL.

0000000000009240

40. Garrett SL, McDaniel D, Obideen M, et al. Racial disparity in cere-

brospinal fluid amyloid and tau biomarkers and associated cutoffs

for mild cognitive impairment. JAMA Netw Open. 2019;2:e1917363-
e1917363. doi: 10.1001/JAMANETWORKOPEN.2019.17363

41. Mielke MM, Okonkwo OC, Oishi K, et al. Fornix integrity and

hippocampal volume predict memory decline and progression to

Alzheimer’s disease. Alzheimers Dement. 2012;8:105-113. doi: 10.
1016/J.JALZ.2011.05.2416

42. Li W, Yue L, Wu Y, Sun L, Xiao S. Elevated neurofilament light chain

in plasma is associated with reduced right hippocampal and amyg-

dala volume in Alzheimer’s patients. Research Square. 2020;1-18. doi:
10.21203/RS.3.RS-18579/V1

43. Mattsson N, Cullen N, Andreasson U, Zetterberg H, Blennow K.

Association between longitudinal plasma neurofilament light and neu-

rodegeneration in patients with Alzheimer disease. JAMA Neurol.
2019;76:791-799. doi: 10.1001/JAMANEUROL.2019.0765

44. ParboP,Madsen LS, Ismail R, et al. Lowplasma neurofilament light lev-

els associatedwith raised corticalmicroglial activation suggest inflam-

mation acts to protect prodromal Alzheimer’s disease. Alzheimers Res
Ther. 2020;12:1-7. doi: 10.1186/S13195-019-0574-0

45. Gorbach T, Pudas S, Lundquist A, et al. Longitudinal association

between hippocampus atrophy and episodic-memory decline. Neu-
robiol Aging. 2017;51:167-176. doi: 10.1016/J.NEUROBIOLAGING.

2016.12.002

46. Teunissen CE, Chiu M-J, Yang C-C, et al. Plasma amyloid-β (Aβ
42) correlates with cerebrospinal fluid Aβ 42 in Alzheimer’s dis-

ease. J Alzheimers Dis. 2018;62:1857-1863. doi: 10.3233/JAD-

170784

47. O’Bryant SE, Lista S, Rissman RA, et al. Comparing biological markers

of Alzheimer’s disease across blood fraction and platforms: compar-

ing apples to oranges. Alzheimers Dement (Amst). 2016;3:27-34. doi:
10.1016/j.dadm.2015.12.003

48. Sapkota S, McFall GP, Masellis M, Dixon RA, Black SE. Differential

cognitive decline inAlzheimer’s disease is predicted by changes in ven-

tricular size but moderated by apolipoprotein E and pulse pressure. J
Alzheimers Dis. 2022;85:545-560. doi: 10.3233/JAD-215068

49. Henneman WJP, Sluimer JD, Barnes J, et al. Hippocampal atro-

phy rates in Alzheimer disease: added value over whole brain vol-

ume measures. Neurology. 2009;72:999-1007. doi: 10.1212/01.wnl.
0000344568.09360.31

50. Fossati S, Cejudo JR, Debure L, et al. Plasma tau complements CSF tau

and P-tau in the diagnosis of Alzheimer’s disease. Alzheimers Dement
(Amst). 2019;11:483. doi: 10.1016/J.DADM.2019.05.001

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Sapkota S, Erickson K, Harvey D, et al.

Plasma biomarkers predict cognitive trajectories in an

ethnoracially and clinically diverse cohort: Mediation with

hippocampal volume. Alzheimer’s Dement. 2022;14:e12349.

https://doi.org/10.1002/dad2.12349

https://doi.org/10.1001/ARCHNEUR.64.3.354
https://doi.org/10.1093/GERONA/GLN008
https://doi.org/10.1093/GERONA/GLN008
https://doi.org/10.1212/WNL.0000000000009240
https://doi.org/10.1212/WNL.0000000000009240
https://doi.org/10.1001/JAMANETWORKOPEN.2019.17363
https://doi.org/10.1016/J.JALZ.2011.05.2416
https://doi.org/10.1016/J.JALZ.2011.05.2416
https://doi.org/10.21203/RS.3.RS-18579/V1
https://doi.org/10.1001/JAMANEUROL.2019.0765
https://doi.org/10.1186/S13195-019-0574-0
https://doi.org/10.1016/J.NEUROBIOLAGING.2016.12.002
https://doi.org/10.1016/J.NEUROBIOLAGING.2016.12.002
https://doi.org/10.3233/JAD-170784
https://doi.org/10.3233/JAD-170784
https://doi.org/10.1016/j.dadm.2015.12.003
https://doi.org/10.3233/JAD-215068
https://doi.org/10.1212/01.wnl.0000344568.09360.31
https://doi.org/10.1212/01.wnl.0000344568.09360.31
https://doi.org/10.1016/J.DADM.2019.05.001
https://doi.org/10.1002/dad2.12349

	Plasma biomarkers predict cognitive trajectories in an ethnoracially and clinically diverse cohort: Mediation with hippocampal volume
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Participants
	2.2 | Plasma biomarkers
	2.2.1 | Sample collection

	2.3 | Magnetic resonance imaging (MRI) acquisition protocols and processing
	2.4 | Neuropsychological assessments
	2.5 | Statistical analysis
	2.5.1 | Latent growth models for EF and EM
	2.5.2 | Path analysis
	2.5.3 | Mediation analyses


	3 | RESULTS
	3.1 | Demographics
	3.2 | Latent growth modeling
	3.3 | Path analysis for EF and EM
	3.4 | HV mediations

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES
	SUPPORTING INFORMATION




