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Abstract

Introduction:No large-scale characterizations of neurofilament light chain (NfL) have

been conducted in diverse populations.

Methods:Baseline datawere analyzed amongn=890MexicanAmericans andn=813

non-HispanicWhites from the multi-ethnic Health & Aging Brain among Latino Elders

(HABLE) study. PlasmaNfL wasmeasured on the Simoa platform.

Results: In unadjusted models, NfL was significantly associated with age (P < .001),

hypertension (P < .001), dyslipidemia (P= .02), and diabetes (P < .001). Covarying for

age and sex, NfL was associated with neurodegeneration (P < .001) and global amy-

loid burden levels (P= .02) in a subset with available data. NfL levels were significantly

associated with diagnostic groups (Normal Cognition [NC], mild cognitive impairment

[MCI], Dementia; P < .001); however, there was no cut-score that yielded acceptable

diagnostic accuracy. NfL levels produced a sensitivity of 0.60 and specificity of 0.78

with negative predictive value of 89% for detecting amyloid positivity.

Discussion: Plasma NfL levels are significantly impacted by age and medical co-

morbidities that are common among older adults, which complicate its utility as a diag-

nostic biomarker
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1 INTRODUCTION

Although cerebrospinal fluid (CSF) and positron emission tomography

(PET) biomarkers will likely serve as the ultimate diagnostic tools for

detecting Alzheimer’s disease (AD), there remains an urgent need for

a cost-effective, non-invasive, multi-tiered approach for determining

who should and should not undergo these expensive and more inva-

sive procedures. Our team has proposed that a multi-tiered neurodi-

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2021 The Authors. Alzheimer’s & Dementia published byWiley Periodicals LLC on behalf of Alzheimer’s Association.

agnostic process can meet these needs,1 and have shown that blood-

based biomarker profiles can be an accurate first step in detecting

AD,2,3 mild cognitive impairment (MCI),4 Parkinson’s disease,5 demen-

tia with Lewy Bodies,6 as well as AD andMCI among adults with Down

syndrome.7–9

With the shift in diagnostic framework for AD to AT(N), increased

work has been conducted looking at the utility of neurodegenerative

biomarkers (N) in addition to amyloid beta (A) and tau (T).10 One of

240 wileyonlinelibrary.com/journal/alz Alzheimer’s Dement. 2022;18:240–250.
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RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using traditional methods and sources (eg, PubMed). No

large-scale studies characterizing plasma neurofilament

light chain (NfL) among diverse cohorts was identified.

2. Interpretation: Our findings indicate the plasma NfL is

significantly impacted by a number of demographic and

medical factors that must be taken into account if this

marker is to become clinically useful. Plasma NfL was

significantly associated with a broad range of cognitive

and imaging outcomes across ethnic groups; however, the

links frequently varied by ethnic group.

3. Future directions: Plasma NfL may have multiple clinical

uses; however, additional work on the clinical parameter

is required for the creation of clinical guidelines. Addi-

tional work is needed investigating the cross-sectional

and longitudinal links of plasma NfL with cognitive-

related outcomes across diverse populations if this

marker is to be clinically implemented.

themore interesting putative neurodegenerative biomarkers in recent

years has been neurofilament light chain (NfL), a cytoskeleton protein

expressed in large-caliber myelinated axons released into the extra-

cellular fluid as a consequence of axonal damage.11 Although NfL can

be detected across the lifespan, it has received a great deal of attention

as a potential biomarker for AD due to numerous studies showing an

increase in levels associated with this diagnostic state.12–16 A recent

meta-analysis found that blood and CSF NfL levels correlated well

(r = 0.59).17 Among patients with amnestic mild cognitive impairment

(aMCI), plasmaNfLwas found to be elevatedwhen compared to cogni-

tively normal older adults and higher among those who had lower hip-

pocampal volume and total gray matter volume in the middle tempo-

ral and left inferior gyrus as measured on magnetic resonance imaging

(MRI).18 Findings have not always been consistent, though, as Mielke

et al.19 recently found no cross-sectional associations between CSF or

plasma NfL with any neuroimaging or cognitive measures among non-

demented older adults. However, higher baseline plasmaNfLwas asso-

ciated with greater cortical thinning and decreased diffusion on MRI

fractional anisotropy, indicating loss of microstructural integrity over

time. Change in plasma NfL was also associated with change in global

cognition, attention, and amyloid PET levels.20–23

Few research studies have examined plasma NfL in diverse pop-

ulations despite the emerging literature demonstrating the impact

of race/ethnicity on AD biomarkers.20,24–26 Here we examined data

from the Health & Aging Brain among Latino Elders (HABLE) study

to: (1) characterize the impact of demographic factors and medical co-

morbidities on plasma NfL levels, (2) examine the link between plasma

NfL and cognitive and neuroimaging outcomes, (3) determine if any of

these findings vary by ethnicity, and (4) explicitly test two potential

context of uses (COUs) for plasmaNfL. COU1wasplasmaNfL as adiag-

nostic biomarker for MCI and AD and COU2 was plasma NfL as a first

step in amulti-tiered process for detecting cerebral amyloid.

2 METHODS

2.1 Participants

TheHABLE study is an ongoing, longitudinal, community-based project

seeking to understand health disparities in MCI and AD among His-

panic,MexicanAmericans. Participant recruitment forHABLE includes

a community-based participatory research (CBPR) approach.27 The

CBPR approach has been used successfully as a recruitment modal-

ity for reaching underserved and minority populations. It involves col-

laborating with local communities through outreach (holding commu-

nity events, seminars), word of mouth, marketing modalities (news-

paper, television, radio), and providing back information (clinical lab

work, MRI clinical reads, neuropsychological test results) to the par-

ticipants and their health care providers. Baseline visits of the HABLE

study will continue until n = 1000 per group are enrolled. Recruit-

ment has been slowed due to coronavirus disease 2019 (COVID-19).

The response rate was high with the CBPR approach, with 82% sched-

uled for a visit who were reached by recruitment methods and quali-

fied for the study.28 The HABLE protocol includes an interview, func-

tional exam, blood draw for clinical labs and biobanking, neuropsy-

chological testing, and 3T MRI of the brain. A subset of participants

underwent amyloid PET scans using florbetaben (18F) as part of a pilot

study. All aspects of the study protocol can be conducted in Spanish or

English, depending on the participant’s preference. The HABLE study

is conducted under institutional review board (IRB)–approved proto-

cols and each participant (or his/her legal representative) signs written

informed consent. The HABLE database is publicly available through

the University of North Texas Health Science Center (UNTHSC) Insti-

tute for Translational Research (ITR) webpage.

2.2 Neuropsychological assessment

The neuropsychological test battery includes the following: Mini Men-

tal Status Exam (MMSE),29 Wechsler Memory Scale-Third Edition

(WMS-III) Digit Span and Logical Memory (LM1, LM2),30 Digit Sym-

bol Substitution, Trail Making Test Parts A and B (TMTA, TMTB),31

Spanish-English Verbal Learning Test (SEVLT),32 Animal Naming

(semantic fluency),32 FAS (phonemic fluency),33 as well as the Amer-

ican National Adult Reading Test (English-speakers),34 and Word

Accentuation Test (Spanish-speakers).35 An informant interview is

also conducted for completion of the Clinical Dementia Rating (CDR)

Scale.36

2.3 Diagnostic classification

Cognitive diagnoses are assigned algorithmically (decision tree) and

verified at consensus review per as follows: Normal Control (NC)= no

cognitive complaints, CDR sum of boxes score of 0 and cognitive tests



242 O’BRYANT ET AL.

scores broadly within normal limits; Mild Cognitive Impairment (MCI):

cognitive complaint (self 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 (SD) below normative ranges; Dementia: CDR sum of boxes

score>= 2.5 and at least two cognitive test scores 2 SD below norma-

tive ranges. Medical diagnoses are assigned by licensed professionals

(NP, DO, and/or MD) during consensus review based on fasting clinical

labs, objectivemeasures, self-report, and current medications.

2.4 Neuroimaging

MRI Data. The HABLE MRI results were acquired on a 3T Siemens

Magnetom Skyra whole-body scanner according to the Alzheimer’s

Disease Neuroimaing Initiative (ADNI) 3 protocols. The following

scan sequences are acquired: T1-weighted whole brain volumetric

(SPoiled Gradient–Recalled [SPGR]; 1.1 × 1.1 × 1.2 mM; rotational

time [TR] = 2300 ms; echo time [TE] = 2.93 ms, T1 = 900 ms), sus-

ceptibility weighted imaging (SWI), diffusion tensor imaging (DTI), 3D

Arterial Spin Labeling (3D ASL), and high resolution (0.4 × 0.4 mM ×

2mM) T2-weighted hippocampal high-resolution (HHR) scans. For this

study, the “meta-ROI” for examination of the neurodegeneration (ie,

N) component of the AT(N) framework37 was examined. PET Scans. In

a pilot study, n = 55 participants (n = 33 Mexican American, n = 22

non-Hispanic white) underwent amyloid PET scans using Siemens Bio-

graphVision 450whole-body PET/CT (computed tomography) scanner

following the ADNI3 protocol for florbetaben scans. Scans were pro-

cessed to derive standardized uptake value ratio (SUVR) levels at the

USC Stevens Neuroimaging and Informatics Institute per ADNI pro-

tocols, using FreeSurfer-derived regions of interest (ROIs) and whole

cerebellum as the reference region. Consistent with the ADNI3 pro-

tocols, a global region of interest was composed of frontal, ante-

rior/posterior cingulate, lateral parietal, and lateral temporal cortex. A

global SUVR>1.08was considered to be amyloid positive.

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).38 PlasmaNfLwas assayedon a single-

plex plate using the ultra-sensitive Simoa (single molecule array) tech-

nology platform HD-1 (Quanterix.com). The ITR Biomarker Core has

conducted>5000 NfL assays using this platform and all coefficients of

variability (CVs) were<4%.

2.6 Statistical analyses

Statistical analyses were conducted using SPSS 25 (IBM) statistical

software. To avoid significant effect of outliers, a cut-score of 4 SD

above the mean was set for a maximum NfL value of 74.75 pg/mL.

Pearson correlationswere conducted toexamine correlationsbetween

NfL levels and specific demographic characteristics (age and educa-

tion). Analyses of variance (ANOVAs) were also conducted to evalu-

ate additional demographic factors (ethnicity, sex) as well as the med-

ical co-morbidity index. Linear regression models were utilized to fur-

ther determine the relationship between NfL and demographic as well

as clinical variables (medical co-morbidities), neuropsychological test

performance, MRI biomarkers, and amyloid PET global SUVR. Logistic

regression models were conducted to determine the predictive diag-

nostic performance of plasma NfL in detecting diagnosis and amyloid

positivity. Age and sex were included as covariates in all models. Note,

analyses were also run using BoxCox transformed NfL values and all

significant findings remained as presented.

3 RESULTS

A total sample of 1705 participants had available plasma NfL levels in

the database and were included in this study. The cohort had an aver-

age age of 66.49 (SD = 8.76) and education of 12.35 (SD = 4.82). Sixty

percent were female and 52% self-identified as Mexican American.

With regard to medical diagnosis, 59%were diagnosed with hyperten-

sion, 63% with dyslipidemia, and 25% with diabetes. The demographic

characteristics of the cohort can be found in Table 1.

3.1 Demographic factors and NfL levels

In unadjusted models, age (r2 = 0.417, P < .001) was significantly cor-

related with higher NfL levels, whereas education was not (r2 = 0.05,

P = .05). Females also had (in unadjusted models), on average, lower

NfL levels (18.50 pg/mL, SD = 11.25 pg/mL) as compared to males

(19.91 pg/mL, SD = 12.48 pg/mL), P = .02. Mexican Americans had,

on average, lower levels of NfL (17.42 pg/mL, SD = 11.96 pg/mL) as

compared to non-Hispanic whites (20.88 pg/mL, SD = 11.29 pg/mL),

P < .001 again in an unadjusted model. When entered into a combined

linear regressionmodel, the overall model (shown by the omnibus test)

was significant (F[4,1618]= 86.01, P< .001; adjusted R2
= 0.173), with

only age remaining significantly related to plasma NfL levels (unstan-

dardized regression coefficient [B] = 0.550, standardized error [SE] =

0.032, t = 17.09, P < .001); sex (B = −0.519, SE = 0.549, t = −0.946,

P= .344), education (B=−0.035, SE= 0.071, t=−0.490, P= .624) and

ethnicity (B=−0.587, SE= 0.716, t=−0.820, P= .412)were no longer

significant.

3.2 Medical co-morbidities and NfL levels

Next, when examining the relationship between medical co-

morbidities and NfL levels, participants were stratified based on

medical diagnosis (presence/absence). In the total sample, partici-

pants with hypertension had higher mean NfL levels (20.35 pg/mL,

SD = 13.04 pg/mL) as compared to those without the presence

of hypertension (17.21 pg/mL, SD = 9.32 pg/mL), P < .001 in an

unadjusted model. Similarly, in an unadjusted model, those with dys-

lipidemia had, on average, higher levels of plasma NfL (19.58 pg/mL,

SD = 12.08 pg/mL) as compared to those without dyslipidemia
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TABLE 1 Descriptive statistics of cohort (n= 1705)

Total Cohort

Mexican American

N= 890

Non-HispanicWhite

N= 813 P-value

Age,Mean (SD) 66.49 (8.76) 63.87 (8.02) 69.34 (8.65) <.001*

Years of Education,Mean (SD) 12.35 (4.82) 9.48 (4.61) 15.49 (2.55) <.001*

Sex (% female) 60% 66% 54% <.001*

Hypertension (% yes) 59% 63% 55% =.001*

Diabetes (% yes) 25% 36% 13% <.001*

Dyslipidemia (% yes) 63% 64% 61% =.120

PlasmaNfL pg/mL,Mean (SD) 19.06 (11.77) 17.43 (11.97) 20.87 (11.29) <.001*

Cognitive Diagnosis % =.005*

NC 79% (n= 1,351) 76% (n= 676) 83% (n= 673)

MCI 14% (n= 243) 17% (n= 152 ) 11% (n= 91)

Dementia 7% (n= 111) 7% (n= 62) 6% (n= 49)

Abbreviations: NfL, neurofilament light chain; NC, normal cognition;MCI, mild cognitive impairment.

* P < .05.

(18.21 pg/mL, SD= 11.19 pg/mL), P= .02. Participants with a diagnosis

of diabetes (22.25 pg/mL, SD = 14.08 pg/mL) had significantly higher

NfL levels when compared to those without diabetes (18.01 pg/mL,

SD = 10.69 pg/mL), P < .001 again in an unadjusted model. Because

age was shown to be significantly related to plasma NfL level, it was

included as a covariate along with sex in the next subsequent models.

In a linear regression model including each of the three medical

co-morbidities, the overall model was significant (F[4, 1618]= 102.50;

adjusted R2
= 0.20) whereas only diabetes remained significant (B =

4.36, SE = 0.62, t = 6.89, P < .001) after covarying for age and sex

When separated by ethnic group (covarying for age and sex), NfL levels

were found to be significantly related to the diagnosis of hypertension

(P= .019) and diabetes (P< .001) among thosewithMexican American

ethnicity and only diabetes (P = .027) among those with non-Hispanic

white ethnicity (see Table 2).

Next, a co-morbidity index was created by combining pres-

ence/absence of all three conditions with a range of scores from 0 (ie,

none of the three diagnoses) to 3 (all three diagnoses present). There

was a significant difference between groups: group 0 (n = 286, 17.6%)

mean NfL = 16.40 pg/mL (SD = 8.37 pg/mL), group 1 (n = 542, 33.4%)

meanNfL= 18.14 pg/mL (SD= 10.73 pg/mL), group 2 (n= 542, 33.4%)

mean NfL = 19.55 pg/mL (SD = 12.17 pg/mL), and group 3 (n = 253,

15.6%) mean NfL = 23.03 pg/mL (SD = 14.68 pg/mL). All medical co-

morbidity index groups were found to be individually statistically sig-

nificant (P< .05), with age and sex entered as covariates into themodel.

When ethnicitywas included in themodel, therewas shown to be a sig-

nificant interactionwith themedical co-morbidity index (P= .004); age

remained a significant covariate in thismodel (see Figure 1). In the total

sample, the medical co-morbidity index was found to be significantly

associatedwith plasmaNfL (after covarying for age and sex) (P< .001).

Among non-Hispanic whites, the medical co-morbidity index was non-

significant (P= .094), whereas it was highly significant amongMexican

Americans (P< .001) (see Table 2).

3.3 NfL levels by diagnostic group

Plasma NfL levels varied by diagnostic group: NC NfL = 18.07 pg/mL

(SD = 10.57 pg/mL), MCI NfL = 20.93 pg/mL (SD = 13.75 pg/mL), and

dementiaNfL=27.28 pg/mL (SD=16.53 pg/mL). The overall ANCOVA

(covarying for age and sex) was statistically significant (P < .001) (Fig-

ure 2). The NC group had significantly lower NfL values than the MCI

group (mean difference I-J = −2.427, P = .001) and dementia group

(mean difference I-J=−7.14, P< .001). In addition, theMCI group had

significantly lower NfL values than the dementia group (mean differ-

ence I-J=−4.72, P< .001).

3.4 NfL levels in relation to MRI markers of
neurodegeneration

PlasmaNfLwas significantly negatively associatedwith the “metaROI”

(B=−0.002, SE= 0.000, t=−5.178, P< .001) as well as the ROIs that

made up the meta ROI: entorhinal thickness (B = −0.003, SE = 0.001,

t = −3.567, P < .001), mean inferior temporal thickness (B = −0.002,

SE = 0.000, t = −4.503, P < .001), mean middle temporal thickness

(B=−0.002, SE=0.000, t=−4.819,P< .001) andmean fusiform thick-

ness (B= -0.002, SE= 0.000, t=−5.133, P < .001). A combined model

was conductedwith ethnicity entered along with covariates of age and

sex, which found that ethnicity was significant in models examining

“Meta ROI” (B=−0.023, SE= 0.009; t=−2.451, P= .014), mean infe-

rior temporal thickness (B=−0.022, SE= 0.008, t=−2.630, P= .009),

mean middle temporal thickness (B = −0.033, SE = 0.008, t = -4.166,

P < .001), and mean fusiform thickness (B = −0.017, SE = 0.008,

t = −2.058, P = .040); however, ethnicity was not shown to be a sig-

nificant predictor for entorhinal thickness (B = −0.004, SE = 0.019,

t = −0.193, P = .847). As most of the MRI markers were shown to be

impacted by ethnicity, further analyses were conducted split by ethnic



244 O’BRYANT ET AL.

TABLE 2 Link between plasmaNfL andmedical co-morbidities by ethnic group adjusting for age and sex

B Std. Error Standardized B t-score P -value

Hypertension

NHW (n= 451) 1.116 0.743 0.049 1.502 .134

MA (n= 564) 1.962 0.832 0.079 2.360 .019*

Diabetes

NHW (n= 106) 2.379 1.072 0.071 2.220 .027*

MA (n= 319) 6.248 0.781 0.251 8.000 <.001*

Dyslipidemia

NHW(n= 490) -0.024 0.750 -0.001 -0.032 .974

MA(n= 569) 1.283 0.808 0.052 1.588 .113

Medical Co-morbidity Index

Total Sample

0 (n= 302)

1 (n= 569)

2 (n= 566)

3 (n= 266) 1.450 0.279 0.118 5.204 <.001*

NHW

0 (n= 172)

1 (n= 302)

2 (n= 272)

3 (n= 67) 0.694 0.414 0.055 1.676 .094

MA

0 (n= 130)

1 (n= 267)

2 (n= 294)

3 (n= 199) 2.353 0.397 0.193 5.920 <.001*

Note: A co-morbidity index was created by combining presence/absence of all three conditions with a range of scores from 0 (ie, none of the three diagnoses)

to 3 (all three diagnoses present). Non-Hispanic white (NHW).Mexican American (MA). * P< 0.05.

group. Associations between NfL andMRI markers of neurodegenera-

tion covarying for age and sex are reported in Table 3.

3.5 NfL levels in relation to amyloid PET

A subsample of the study (n = 55 [non-Hispanic white {NHW} n = 22;

Mexican American {MA} n = 33]) had available amyloid PET scans. Of

those, n = 11 were amyloid positive while n = 44 were amyloid nega-

tive. The mean age of those with an available amyloid PET scans was

65.72 (SD = 9.77), education level was 11.49 (5.41), and NfL level

was 21.22 pg/mL (SD = 13.04 pg/mL). There was no significant dif-

ference between demographic variables or NfL levels between those

who received an amyloid PET scan versus those who did not (P > .05).

After covarying for age and sex, plasma NfL levels were significantly

positively associated with amyloid global SUVR levels (B = 0.004,

SE= 0.002, t= 2.38, P= .021) as well as the cortical regions that com-

pose the global cortical region per the ADNI3 protocol: frontal region

(B = 0.004, SE = 0.002, t = 2.12, P = .031), lateral parietal region

(B = 0.004, SE = 0.002, t = 2.28, P = .027), lateral temporal region

(B = 0.003, SE = 0.001, t = 2.44, P = .018), and anterior/posterior cin-

gulate (B = 0.004, SE = 0.002, t = 2.45, P = .018) (see Table 4). A com-

binedmodel conductedwith ethnicity entered alongwith covariates of

age and sex found that it was not a significant predictor in any of the

amyloid PET regions examined (P < .05); however, the limited sample

size likely impacted the power of the analyses.

3.6 NfL levels in relation to neuropsychological
test performance

After covarying for age, sex, years of education, and primary lan-

guage, plasma NfL was significantly associated with all neuropsycho-

logical measures (see Table S1). When separated by diagnostic group,

most significant findings went away. Among non-Hispanic whites who

were diagnosed as cognitively normal, there was a significant asso-

ciation between NfL and poorer performance on tests of global cog-

nition (P = .023), working memory (.004), attention and processing
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F IGURE 1 F 1NfLl levels bymedical co-morbidity index level split by ethnicity

F IGURE 2 NfL levels by cognitive diagnosis

speed (P = .015), verbal fluency (P = .042), and immediate verbal

(rote) memory (P = .049). Among this same ethnic group but for those

diagnosed with MCI, a similar association was found on across mea-

sures of working memory (P = .005), attention and processing speed

(P= .016), aswell as immediate (P= .021) anddelayedepisodicmemory

(P = .016). For those with dementia, no significant associations were

found. When examined among Mexican Americans, a significant asso-

ciationbetweenNfL levels andpoorerperformancewas similarly found

on a measure of working memory; however, this finding was shown

across diagnostic classifications (NC P= .029; MCI P= .026; dementia

P = .009). In this same ethnic group but for those diagnosed with MCI,

a significant association was only additionally found for delayed verbal

(rote) memory (P = .019). In contrast, a number of significant associa-

tions were found among those with a diagnosis of dementia, spanning
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TABLE 3 Association between plasmaNfL andMRImarkers of neurodegeneration by ethnicity covarying for age and sex

B Std. Error Standardized B t-score P -value

MetaROI

NHW (n= 621) -0.001 0.001 -0.090 -2.174 .030*

MA (n= 695) -0.002 0.001 -0.166 -4.441 <.001*

Entorhinal (mean L and R)

NHW -0.004 0.001 -0.109 -2.739 .006*

MA -0.002 0.001 -0.082 -2.177 .030*

Inferior Temporal (mean

L and R)

NHW -0.001 0.001 -0.091 -2.237 .026*

MA -0.002 0.001 -0.163 -4.408 <.001*

Middle Temporal (mean L

and R)

NHW -0.002 0.001 -0.115 -2.986 .003*

MA -0.002 0.000 -0.162 -4.532 <.001*

Fusiform (mean L and R)

NHW -0.002 0.001 -0.119 -3.040 .002*

MA -0.002 0.000 -0.157 -4.348 <.001*

Abbreviations: NfL, neurofilament light chain;MRI, magnetic resonance imaging; NHW, non-HispanicWhite;MA,Mexican American; L, Left; R, Right.

* P< .05.

TABLE 4 Link between plasmaNfL and amyloid PET values adjusting for age and sex (n= 55)

B Std. Error Standardized B t-score P -value

Frontal 0.004 0.002 0.296 2.217 .031*

Lateral parietal 0.004 0.002 0.285 2.278 .027*

Lateral temporal 0.003 0.001 0.311 2.446 .018*

Anterior/posterior cingulate 0.004 0.002 0.316 2.450 .018*

Global 0.004 0.002 0.305 2.387 .021*

Abbreviation: NfL, Neurofilament light chain. * P< .05.

measures of global cognition (P= .013), attention andworkingmemory

(P= .021), verbal fluency (P= .001), and verbal immediate (rote) mem-

ory (P= .041) (see Table 5).

3.7 CONTEXT OF USE (COU) ANALYSES

3.7.1 COU1 – NfL as a diagnostic biomarker for
MCI and dementia

PlasmaNfLwas significantly associatedwithMCI diagnosis (B= 0.020,

SE = 0.006, Wald = 12.459, Exp(B) = 1.020 [95% CI = 1.009-

1.031], P = .003) and dementia diagnosis (B = 0.047, SE = 0.006,

Wald = 52.034, Exp(B) = 1.048 [95% CI = 1.035-1.061, P < .001). In

ROC analysis, the area under the curve (AUC) for predicting MCI was

0.551 (95% CI = 0.509-0.593; P = .013) and for predicting dementia

the AUC was 0.701 (95% CI= 0.648-0.754; P < .001). Although statis-

tically significant, there was no cut-score that provided an acceptable

diagnostic accuracy for detectingMCI or dementia.

3.7.2 COU2 – NfL as a biomarker for screening
out plasma amyloid

In a logistic regression covarying for age and sex, plasma NfL was

associated with amyloid positivity (global SUVR >1.08) (B = 0.071,

SE = 0.031, Exp(B) = 1.074 [95% CI = 1.010-1.142], P = .023). With

a logistic regression cut-score of 0.20 to match the base rate of amy-

loid positivity, the sensitivity was 0.60 and specificity was 0.78 and the

positive predictive value (PPV) was 0.40 and negative predictive value

(NPV) was 0.89.

4 DISCUSSION

This is, to our knowledge, the largest and most comprehensive char-

acterization of plasma NfL in relation to cognitive and imaging factors

associated with AD in a community-based multi-ethnic cohort. The

current findings highlight the significant impact of a range of factors

on plasma NfL values. Age was found to be significantly related to NfL
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TABLE 5 Association of plasmaNfL with neuropsychological
outcomes covarying for age, education, sex, and primary language
separated by diagnostic status

B

Std.

Error

Standardized

B P -value

MMSE

NHW

NC (n= 673) -0.010 0.004 -0.096 .023*

MCI (n= 91) -0.004 0.013 -0.037 .771

Dementia (n= 49) -0.046 0.042 -0.166 .279

MA

NC (n= 676) 0.003 0.008 0.013 .702

MCI (n= 152) 0.003 0.018 0.012 .851

Dementia (n= 62) -0.100 0.039 -0.254 .013*

Digit Symbol

NHW

NC -0.113 0.040 -0.110 .004*

MCI -0.220 0.076 -0.338 .005*

Dementia 0.060 0.098 0.087 .543

MA

NC -0.062 0.028 -0.054 .029*

MCI -0.134 0.060 -0.134 .026*

Dementia -0.206 0.075 -0.261 .009*

WMSDigit Span

NHW

NC -0.023 0.015 -0.064 .140

MCI -0.009 0.027 -0.042 .738

Dementia -0.043 0.027 -0.263 .120

MA

NC 0.002 0.011 0.007 .838

MCI -0.027 0.019 -0.106 .159

Dementia -0.051 0.021 -0.292 .021*

TMTA

NHW

NC 0.105 0.043 0.098 .015*

MCI 0.357 0.145 0.270 .016*

Dementia -0.028 0.506 -0.009 .957

MA

NC 0.126 0.067 0.064 .061

MCI 0.128 0.211 0.041 .546

Dementia 0.687 0.354 0.216 .058

TMTB

NHW

NC 0.154 0.147 0.041 .294

MCI 0.620 0.594 0.116 .300

Dementia 1.262 0.982 0.197 .209

(Continues)

TABLE 5 (Continued)

B

Std.

Error

Standardized

B P -value

MA

NC 0.399 0.231 0.055 .086

MCI 0.423 0.498 0.057 .396

Dementia 0.698 0.597 0.152 .250

FAS

NHW

NC -0.091 0.045 -0.084 .042*

MCI -0.103 0.097 -0.140 .289

Dementia -0.156 0.100 -0.262 .127

MA

NC -0.056 0.034 -0.059 .095

MCI -0.039 0.058 -0.052 .499

Dementia -0.217 0.064 -0.374 .001*

Animals

NHW

NC -0.017 0.019 -0.037 .382

MCI -0.065 0.036 -0.205 .079

Dementia -0.086 0.053 -0.245 .113

MA

NC -0.006 0.015 -0.016 .659

MCI -0.013 0.028 -0.039 .630

Dementia -0.075 0.037 -0.249 .050

LM1

NHW

NC -0.025 0.039 -0.026 .528

MCI 0.187 0.080 0.276 .021*

Dementia -0.031 0.102 -0.049 .762

MA

NC -0.026 0.032 -0.031 .409

MCI 0.067 0.063 0.084 .289

Dementia -0.076 0.091 -0.113 .403

LM2

NHW

NC -0.037 0.030 -0.051 .220

MCI 0.153 0.062 0.293 .016*

Dementia -0.038 0.063 -0.092 .552

MA

NC -0.006 0.025 -0.009 .803

MCI 0.067 0.051 0.108 .193

Dementia -0.052 0.055 -0.123 .34

SEVLT 1-5 total

NHW

NC -0.055 0.030 -0.069 .070

MCI 0.021 0.048 0.051 .660

Dementia -0.079 0.065 -0.182 .231

(Continues)
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TABLE 5 (Continued)

B

Std.

Error

Standardized

B P -value

MA

NC -0.021 0.024 -0.031 .382

MCI -0.011 0.041 -0.022 .786

Dementia -0.150 0.072 -0.284 .041*

SEVLT delayed recall

NHW

NC -0.022 0.011 -0.079 .049*

MCI 0.004 0.023 0.022 .855

Dementia 0.004 0.020 0.026 .857

MA

NC -0.011 0.010 -0.039 .277

MCI 0.047 0.020 0.194 .019*

Dementia -0.036 0.022 -0.229 .098

values, which is consistent with recent work by Kaeser and

colleagues.39 When we covaried for age and sex, diabetes was

also found to be significantly related to plasma NfL levels. Of note,

significant differences in NfL levels were seen across medical co-

morbidities of hypertension, dyslipidemia, and diabetes between those

with and without the medical condition. A medical co-morbidity index

was significantly related to plasma NfL, suggesting that there is an

additive effect of multiple co-morbidities.

Ours is not the first study to document the significant impact of

medical co-morbidities on NfL values. Korley and colleagues40 found

higher hemoglobin A1C and systolic blood pressure to be independent

predictors of NfL levels. SerumNfL levels were also found in this study

to be higher among those with a history of stroke, with cardiovascu-

lar disease risk factors accounting for 19%of variability in baselineNfL

levels.19 Mielke and colleagues also found in their work higher baseline

plasmaNfL levels in those with a history of hypertension.41 Relative to

these findings, additional work is underway to more explicitly examine

the link between vascular pathology including cardiovascular factors

(ie, stroke, white matter hyperintensities) and NfL levels in this cohort.

Our findings were also consistent with prior work demonstrating

a link between plasma NfL levels and neuropsychological function-

ing. Osborn and colleagues,1 identified an inverse association between

plasma NfL and cognitive test performance across measures of lan-

guage, executive functioning, visual spatial, and memory among those

withMCI; however, of note, no relation between cognitive test perfor-

mance and NfL was found for those with normal cognition. Our find-

ings are also consistentwith priorwork demonstrating a significant link

between plasmaNfL andMRI-basedmarkers of neurodegeneration, as

prior work has shown elevations in NfL to be associated with poorer

white matter integrity (higher MD and lower FA),40 although this has

notbeenconsistently found in cross-sectionalwork.19 Additionally, our

findings are consistent with prior work demonstrating a significant link

between plasma NfL levels and cerebral amyloid levels. Barker et al.41

recently found that plasma NfL was higher in those who had greater

cerebral amyloid, but was not associated with Hispanic ethnicity.

Because plasma NfL values are (1) significantly related to MRI

outcomes of neurodegeneration and (2) significantly related to neu-

ropsychological functioning, an examination as a possible diagnostic

biomarker makes logical sense. Therefore, we conducted analyses spe-

cific to this COU. COU1 was the potential for plasma NfL to serve as a

diagnostic biomarker forMCI and/or dementia. As we have articulated

previously, COU1 would potentially serve as the first step in a multi-

tiered neurodiagnostic process for detecting dementia.1 Although sta-

tistically significant, plasmaNfL did notmeetCOU1. Therewas noopti-

mal cut-score to provide an adequate diagnostic accuracy. For exam-

ple, if a cut-score of plasma NfL < = 6.83 (to rule OUT dementia) was

selected it would yield a 97% sensitivity and a specificity of 4%. When

considering a base rate of∼12% for those 65 and abovewith dementia,

the negative predictive value (NPV)would be91%.However, if this cut-

scorewere applied to this cohort, it would only rule out 65 total partici-

pants. If a higher cut-score of>= 23.75was selected, specificity would

be 80% and sensitivity was 30%. Again, NPV was high (89%) and this

time and n = 1474 participants would have been screened out. How-

ever, 88% of the dementia cases were screened out as false negatives.

Therefore, plasma NfL does not meet COU1. It is likely that the lack

of utility of plasma NfL as a diagnostic biomarker is due to the signifi-

cant impact of demographic and medical co-morbidities on biomarker

levels. It is possible that a more sophisticated approach that provides

specific cut-values by co-morbidity and agemay have additional utility.

Such work is currently being examined using the HABLE data.

The availability of a blood-test to serve as the first step in a multi-

tiered process for screening into novel clinical trials would be of

tremendous benefit. As with a primary care screen, the emphasis on

COU2 is also a highNPVwith the capacity to rule out asmany true neg-

ative cases as possible. Therefore, we sought to examine COU2—the

utility of plasma NfL as a means of ruling out cerebral amyloid. Taking

the sensitivity of 0.60 and specificity of 0.78 outlined above and apply-

ing those diagnostic statistics to n = 10,000 patients screened for a

clinical trial, theNPV (assuming a20%amyloid positivity base rate)was

89%. A total n = 7040 participants would have been screened out and

89% would be true negatives. Of the n = 2960 screened forward for a

second step in the screening process, 41% would be amyloid positive.

Therefore, plasma NfL may have potential as a blood-based screening

tool for ruling out those participants who should not undergo addi-

tional expensive and/or invasive procedures for screening into novel

amyloid targeting trials.

There are several other potential COUs where plasma NfL may

be more suitable. A COU3 for plasma NfL may be as a progression

biomarker. That is, baseline NfL values, or change in NfL values over

time, may serve as a marker to indicate likelihood of cognitive decline

and/or progression within a specific timeframe (eg, the timeframe of

a clinical trial). This is in line with longitudinal work by Mattsson and

colleagues,16 who found longitudinal changes in NfL to be correlated

withADchanges acrossmeasures of cognition aswell as neuroimaging,

and suggested its potential use as amarker for neurodegenerative pro-

gression. A COU4 would be a possible surrogate outcome biomarker
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for clinical trials. That is, it is possible that changes in plasma NfL over

a briefer time (eg, 24-months) will be predictive of long-term (eg, 48-

month) cognitive outcomes. If successful in either of these COUs, NfL

wouldoffer tremendous cost- and time-savings tonovel clinical trials as

well as reduced patient burden. Each of these COUs will be examined

with future waves of HABLE data.

Overall, the current findings support prior work suggesting a link

between plasma NfL and cognitive and imaging outcomes. The impact

of ethnicity on the relationship between NfL levels and amyloid PET

was likely limited by sample size in the present study, which affects

COU recommendations. Future work is planned as part of the HABLE

study to increase sample size and further examine this potential rela-

tionship. The current findings highlight the need to understand the

impact of demographic factors and medical co-morbidities if plasma

NfL is to become clinically useful. Based on this work, and that of oth-

ers, it is unlikely that plasma NfL will serve as a diagnostic COU; how-

ever, there are several possible clinical uses for plasmaNfL that require

further investigation.
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