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Abstract

Keywords:

Introduction: Neuroaxonal damage may contribute to cognitive changes preceding clinical demen-
tia. Accessible biomarkers are critical for detecting such damage.

Methods: Plasma and cerebrospinal fluid (CSF) neurofilament light (NFL) were related to neuropsy-
chological performance among Vanderbilt Memory & Aging Project participants (plasma n = 333,
73 = 7 years; CSF n = 149, 72 * 6 years) ranging from normal cognition (NC) to mild cognitive
impairment (MCI). Models adjusted for age, sex, race/ethnicity, education, apolipoprotein E &4
carriership, and Framingham Stroke Risk Profile.

Results: Plasma NFL was related to all domains (P values < .008) except processing speed (P values
>.09). CSF NFL was related to memory and language (P values < .04). Interactions with cognitive
diagnosis revealed widespread plasma associations, particularly in MCI participants, which were
further supported in head-to-head comparison models.

Discussion: Plasma and CSF NFL (reflecting neuroaxonal injury) relate to cognition among non-
demented older adults albeit with small to medium effects. Plasma NFL shows particular promise
as an accessible biomarker with relevance to cognition in MCI.

© 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Neurofilament light; Cerebrospinal fluid; Plasma; Alzheimer’s disease; Mild cognitive impairment; Cognition

1. Introduction

Neurofilament light (NFL) is a well-established protein
biomarker for large-caliber neuroaxonal injury [1,2].
Elevated cerebrospinal fluid (CSF) NFL concentrations are
found in disorders characterized by neuroaxonal damage
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in the cerebral white matter [3], including connections to
white matter hyperintensities [4] and white matter changes
observed on diffusion tensor imaging in older adults [5,6].
Elevated CSF NFL is found in patients with mild cognitive
impairment (MCI) and clinical Alzheimer’s disease (AD)
[2] and relates to severity of memory impairment [2,7].
Furthermore, CSF NFL also correlates with hippocampal
volume loss in older adults with normal cognition (NC)
[8], suggesting a potential link between CSF NFL and mem-
ory functions before meeting the clinical threshold for MCI
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[9]. However, whether CSF NFL correlates with early mem-
ory changes preceding MCI remains unknown. Once MCI is
clinically diagnosed, irreversible neurodegeneration [10]
and white matter damage are commonly present [11]. Sensi-
tive biomarkers that correlate with cognitive change are
important for future drug development. Identification and
validation of such biomarkers will support targeting patholog-
ical pathways associated with preclinical cognitive changes,
making earlier, more personalized intervention possible.

Owing to recent immunoassay technological advances
[12,13], NFL can now be measured in plasma, offering
wider application. Plasma and CSF NFL are strongly
correlated in clinical populations with prominent white
matter disease (e.g., HIV [13], amyotrophic lateral sclerosis
[14]), but are only moderately correlated in MCI and clinical
AD [12,15]. Nevertheless, emerging research suggests
plasma NFL is elevated in individuals with cognitive
impairment, including MCI and AD [12]. However, as
with CSF NFL, it remains unknown how plasma NFL relates
to subclinical cognitive changes in NC older adults. There-
fore, to elucidate whether neuroaxonal injury detected by
plasma and CSF NFL corresponds to early cognitive changes
preceding clinical dementia, this study relates plasma and
CSF NFL to detailed neuropsychological performance
among community-dwelling older adults with NC and
MCI. The magnitude of association between each NFL mea-
sure and neuropsychological data will be compared to assess
whether plasma and CSF NFL account for similar variance
in cognition.
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2. Methods
2.1. Participants

The Vanderbilt Memory & Aging Project is a longitudi-
nal observational study of vascular health and brain aging,
enriched for MCI [16]. Participants were required to be at
an age of >60 years, have intact auditory and visual acuity,
speak English, and have a study partner. Before enroll-
ment, participants completed a clinical interview, detailed
medical history and record review, and neuropsychologi-
cal protocol and were excluded for a diagnosis other than
NC, early MCI [17], or MCI [18], MRI contraindication,
history of neurological disease (e.g., stroke, epilepsy),
heart failure, major psychiatric illness, head injury, and
systemic or terminal illness affecting longitudinal partici-
pation. A diagnosis of NC required a score of “0” on the
Clinical Dementia Rating (CDR) semistructured partici-
pant and proxy interview, and no objective neuropsycho-
logical impairment (i.e., all scores > —1.5 standard
deviation from normative mean). A diagnosis of early
MCI required a score of 0.5 on the CDR with no objective
neuropsychological impairment. A diagnosis of MCI
required a score of 0 or 0.5 on the CDR and objective neu-
ropsychological impairment as evidenced by performance
of <—1.5 standard deviation in one or more domains. The
enrollment neuropsychological protocol was designed in
accordance with the intended study focus on AD and
related dementia risk to include particularly detailed char-
acterization of learning and memory performances, and

Participants Enrolled in the Vanderbilt
Memory & Aging Project

n=335

CSF

Plasma

A
Participants Excluded for Missing
Neurofilament Light
n=185

r

A J

Participants Excluded for Missing
Neuropsychological Data
n=0

Participants Excluded for Missing
Covariate Data
n=1

h J

Participants Included in Primary

CSF Models
n=149

k.
Participants Excluded for Missing
Neurofilament Light
n=0

r
Participants Excluded for Missing

Neuropsychological Data
n=1

r
Participants Excluded for Missing

Covariate Data
n=1

A

Participants Included in Primary
Plasma Models
n=333

r

Fig. 1. Participant inclusion and exclusion diagram. Abbreviation: CSF, cerebrospinal fluid.
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participants were recruited for participation in a memory-
focused clinical research study. Consequently, most partic-
ipants in the MCI group exhibit amnestic neuropsycholog-
ical profiles. Once enrolled, participants completed a
comprehensive evaluation, including (but not limited to)
fasting blood draw, medical history, medication review,
physical examination, neuropsychological assessment,
and optional lumbar puncture. Participants were excluded
from the present study for missing covariate or neuropsy-
chological data (Fig. 1). The Vanderbilt University Medi-
cal Center Institutional Review Board approved the
protocol. Written informed consent was obtained before
data collection.

2.2. Fluid collection and biochemical analyses

All participants completed a morning fasting venous
blood draw. Plasma was separated from whole blood by
centrifugation at 2000g and 4°C for 15 minutes. An optional
lumbar puncture was performed with polypropylene sy-
ringes using a Sprotte 25-gauge spinal needle in an interver-
tebral lumbar space. Both plasma and CSF samples were
aliquoted in 0.5 mL polypropylene tubes and stored at
—80°C pending analyses. Plasma NFL levels were measured
using an in-house Simoa method [13], which is based on the
same monoclonal antibodies as the ELISA used to measure
CSF NFL (NF-light; UmanDiagnostics). All samples were

Table 1
Participant characteristics
Total n = 333 NCn =174 Early MCI n = 27 MCIn = 132 P value
Demographic and health characteristics
Age, years 73x7 72+7 73*6 73 £8 .63
Sex, % male 59 59 T4 56 22
Race, % White non-Hispanic 86 87 85 86 .89
Education, years 16 =3 16 =2 16 =3 15+3 <.001"
APOE-€4 carriers, % 35 29 22 44 .01
FSRP, total score’ 124 £ 42 119 £ 4.1 134 £32 13.0 £ 4.3 .04
Montreal Cognitive Assessment, total 253 £33 27.0 =22 254 +24 23.1 =34 <.001""
score
Plasma neurofilament light, pg/mL 20.1 = 10.7 175 9.2 179+ 7.8 252 * 16.5 <.001"
CSF neurofilament light, pg/mL° 1066 = 580 930 = 448 1088 = 465 1250 £ 712 002"
Neuropsychological outcomes
Language
Boston Naming Test 26.8 = 3.1 279 £ 2.0 26.6 £ 24 254 39 <.001°9
Animal Naming 19.0 + 5.4 21.0 £ 49 19.4 + 34 162 +52 <.001°"
Information processing speed
WAIS-IV Coding 53+ 13 57 =12 53 46 + 12 <.001"1
DKEFS Number Sequencing” 43 + 20 36 = 13 42 3 51 =26 <.001°"
Executive function
Executive function composite 0.003 = 0.9 0.43 £ 0.6 0.17 £ 04 —0.60 = 1.0 <.001°"
DKEFS Tower Test 149 = 4.7 16.1 =423 162 =35 13.0 = 4.7 <.001"1
DKEFS Letter-Number Switching 117 =94 86 = 34 93 £ 22 164 = 131 <.001"
DKEFS Color-Word Inhibition” 69 = 24 60 = 14 75 * 15 81 = 30 <.001" "
Letter Fluency (FAS) 387 = 11.7 429114 379 £ 11.1 333+99 <.001"
Visuospatial skills
Hooper Visual Organization Test 244 *+ 3.1 253 *+24 247 22 232 *3.6 <.001
Episodic memory
Episodic memory composite —0.002 * 1.0 0.57 0.7 —0.06 + 0.8 -0.75+ 0.8 <.001""
CVLT-II Total Learning 404 + 12 469 + 9.4 40.1 = 9.7 319+ 9.6 <.001°9
CVLT-II Long Delay Free Recall 8.0+ 43 105 =323 7.6 + 3.5 49+ 35 <.001"1
CVLT-II Recognition 24*+1.0 3.0*+0.7 23*+08 1.7 209 <.001"7
BFLT Total Learning 113 = 41 136 = 30 110 = 28 82 =35 <.001"
BELT Long Delay Free Recall 269 *+ 10.6 32675 28.0 + 6.6 19.1 £99 <.001777
BFLT Recognition 0.7 +02 0.8 +02 0.7 *02 0.6 +02 <.001""

NOTE. Significant (P < .05) results indicated in bold.

Abbreviations: APOE, apolipoprotein E; BFLT, Biber Figure Learning Test; CSF, cerebrospinal fluid; CVLT-II, California Verbal Learning Test second edi-
tion; DKEFS, Delis-Kaplan Executive Function System; FSRP, Framingham Stroke Risk Profile; MCIL, mild cognitive impairment; NC, normal cognition;

WAIS-IV, Wechsler Adult Intelligence Scale IV.
P < .05 for NC versus MCL
TP < .05 for early MCI versus MCI.

YFSRP minus age points, total = 6.5 = 3.1, NC = 6.1 £ 2.9, early MCI = 7.4 = 2.6, MCI = 6.9 = 3.3 (P =.03).

fn = 149.

TP < .05 for NC versus early MCIL.
#Represents time to completion (s).
“"Represents log time to completion (s).
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Fig. 2. Plasma NFL and episodic memory scatterplot by diagnostic status. Abbreviations: NFL, neurofilament light; MCI, mild cognitive impairment; NC,

normal cognition.

analyzed in batch by board-certified laboratory technicians
who were blinded to clinical information. For both bio-
markers, intraassay coefficients of variation were <10%.

2.3. Neuropsychological assessment

Participants completed a comprehensive assessment of
language, information processing speed, executive function,
visuospatial skills, and episodic memory (Table 1). Mea-
sures differed from tests used to screen and select partici-
pants for study inclusion or determine cognitive diagnosis.
To minimize multiple comparisons, z-scores were derived
separately for composite episodic memory and executive
function performances using a latent variable approach pre-
viously described [19]. Briefly, the memory composite was
calculated with item-level data from the California Verbal
Learning Test, Second Edition (CVLT-II) and the Biber
Figure Learning Test (BFLT). As previously described
[19], using a bifactor latent variable model, each item was
treated as a raw continuous variable and loaded on a general
factor, as well as on a test-specific factor (i.e., CVLT-II or
BFLT) to remove potentially confounding test effects.

Both test models included Trials 1 to 5 Total Learning,
List B Learning, Immediate Recall, Delayed Recall, and
Recognition raw scores. The executive function composite
was calculated with item-level data from the Delis—Kaplan
Executive Function System (D-KEFS) Color—Word Inhibi-
tion Test, D-KEFS Tower Test, Letter Fluency (FAS) Test,
and D-KEFS Letter—Number Switching Test with each set
of raw scores treated as a continuous variable.

2.4. Covariate details

As previously described [20], Framingham Stroke Risk
Profile (FSRP [21]) scores were calculated by applying
points by sex for age, systolic blood pressure accounting
for antihypertensive medication usage, diabetes mellitus,
cigarette smoking, left ventricular hypertrophy, atrial fibril-
lation, and cardiovascular disease, including coronary heart
disease, angina, or myocardial infarction (heart failure was a
parent study exclusion). Apolipoprotein E (APOE) genotyp-
ing was performed on whole blood. APOE-¢4 status was
defined as positive (APOE €2/e4, APOE €3/e4, APOE &4/
&4) or negative (APOE €2/e2, APOE €2/e3, APOE €3/€3).
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2.5. Analytical plan

Unadjusted Spearman rank correlations compared plasma
and CSF concentrations. Ordinary least squares regression
related each biomarker to neuropsychological performances.
Excluding early MCI due to small sample size, models
were repeated testing a NFL biomarker X cognitive diagnosis
interaction and repeated stratifying by NC and MCI. Models
adjusted for age, sex, race/ethnicity, education, APOE-¢4, and
FSRP (excluding points assigned for age). For a head-to-head
comparison of the magnitude of associations between plasma
and CSF NFL with neuropsychological performance, regres-
sion analyses were repeated including both plasma and CSF
NFL predictors in each model to assess whether either NFL
variable accounted for unique variance in neuropsychological
performance. Head-to-head analyses with dual predictor
models were repeated with stratification by diagnostic group
(NC, MCI). Significance was set a priori at P < .05. Effect
sizes were generated for all statistically significant findings
by calculating the change in R from the addition of the pre-
dictor after all covariates were included in the model
(i.e., AR?). Sensitivity analyses were conducted by repeating
all models with exclusion of outliers >4 standard deviation
from mean values. Analyses were conducted using R version
3.4.3 (www.r-project.org).

3. Results
3.1. Participant characteristics

Neuropsychological assessment was performed within
3 = 11 days of plasma sample collection and within
38 = 38 days of CSF sample collection. Lumber puncture
was always performed on a separate day from the neuropsy-
chological assessment. Plasma analyses included samples
from 333 adults aged 60-92 years. Plasma NFL ranged
from 4 to 127 pg/mL. CSF analyses included samples
from 149 adults aged 60-90 years. CSF NFL ranged from
268 to 4025 pg/mL. One plasma value and 3 CSF values
were identified as statistical outliers but retained in all statis-
tical models after sensitivity analyses revealed similar beta
values when excluding these cases from analyses. See
Table 1 for detailed participant characteristics. Plasma and
CSF NFL correlated in the total sample (n = 149, r = 0.50,
P < .0001) and within each diagnostic group (NC = 78,
r = 0.37, P =.0007; MCI = 56, r = 0.49, P <.0002).

3.2. Plasma NFL and neuropsychological performance

Increased plasma NFL was related to worse performance
in all cognitive domains (P values <.008, AR?
values = 0.006-0.07) except information processing speed,
including Coding (P = .25) and Number Sequencing
(P = .09). Plasma NFL interacted with cognitive diagnosis
on Boston Naming Test performance (P = .03,
AR? = 0.09), with the association present in MCI (P = .03,
AR? = 0.15) but not NC participants (P = .16). Results

Table 2

Plasma neurofilament light and neuropsychological performance

MCI only

B

NC only
B

Diagnostic interaction

B

Main effect

B

AR™

95% CI P value 95% CI P value

AR”

P value
.03
32

95% CI

AR?

P value

95% CI

.03 0.15

—0.09, —0.004
—0.13, —0.03
—0.18, 0.07
—0.11,0.43

—0.03, —0.01

—0.05
—0.08
—0.05

.16
13
.80
.35
15
.06
.55

—0.06, 0.01

—0.03
-0.07

0.09

—0.11, —0.01
—0.14, 0.05
—0.21, 0.21
—0.25, 0.44
—0.02, 0.01

—0.06
—0.05

0.05

0.06

.002

—0.07, —0.02

—0.04
—0.08
—0.06

Boston Naming Test
Animal Naming
WAIS-IV Coding

004
40

—0.16, 0.02
—0.17,0.23
—0.12,0.32
—0.01, 0.003
—0.09, 0.002
—0.01, 0.02

0004
25

—0.12, —0.04
—0.16, 0.04
—0.02, 0.30

0.03

.99

0.002

0.10
—0.01
—0.03
—0.01

0.16
—0.02
—0.06
—0.01

0.10
—0.01
—0.04

.58

.09
<.00001 0.04

0.14
—0.01
—0.05
—0.01

DKEFS Number Sequencing

0.02
0.06
0.02

0006
005
.02

35
27
12

—0.02, —0.01

Executive Function Composite

—0.10, —0.02
—0.02, —0.002

—0.09, 0.02
—0.02, 0.003

0.07

.0003
.008

—0.08, —0.02
—0.02, —0.002

Hooper Visual Organization Test
Episodic Memory Composite

0.004

0.006

NOTE. Significant (P < .05) results indicated in bold.

Abbreviations: B, unstandardized beta reflects the change in outcome as a function of one-unit increase in the raw value of the predictor; DKEFS, Delis-Kaplan Executive Function System; MCI, mild cognitive

impairment; NC, normal cognition; WAIS-IV, Wechsler Adult Intelligence Scale Fourth Edition.

Change in R? accounted for by the predictor after entering all covariates into the model.

*

2 accounted for by the interaction term after entering all covariates into the model.

'Change in R
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stratified by diagnosis revealed plasma NFL was related to
worse episodic memory composite (P = .02, AR*> = 0.02
Fig. 2), executive function composite (P = .0006,
AR? = 0.02), Hooper Visual Organization Test (P = .005,
AR? = 0.06), and Animal Naming (P = .004, AR* = 0.13)
performances in MCI participants. No associations in the
NC group achieved a priori significance (P > .06). See
Table 2 for details. When models were restricted to partici-
pants with CSF (n = 149), all plasma main effect associations
persisted (P values <.03, AR? values = 0.02-0.05) except for
episodic memory composite (P = .22). No diagnostic interac-
tions with plasma NFL emerged, but in stratified analyses, as-
sociations in MCI persisted for the executive functioning
composite (P = .03, AR? = 0.09), Hooper Visual Organiza-
tion Test (P = .02, AR*> = 0.10), and Animal Naming
(P = .01, AR? = 0.02). Plasma associations in MCI were
no longer present for the episodic memory composite
(P = .56) and Boston Naming Test (P = .08) in this smaller
sample. As in the larger plasma sample, no associations
were present in the NC group when stratifying by diagnosis.
See Supplementary Table 1 for details.

3.3. CSF NFL and neuropsychological performance

Increased CSF NFL was related to worse episodic mem-
ory composite (P = .04, AR? = 0.02) and Animal Naming
performances (P = .01, AR? = 0.03). CSF NFL interacted
with cognitive diagnosis on episodic memory composite per-
formance (P = .04, AR? = 0.02 Fi g. 3), with the association
present in NC (P = .008, AR? = 0.07) but not MCI partici-
pants (P = .58). Results stratified by diagnosis revealed the
association between CSF NFL and Animal Naming was
restricted to the MCI group (P = .03, AR* = 0.08). The re-
maining stratified models were null in both groups (P >.17).
See Table 3 for details.

3.4. Head-to-head comparisons between plasma and CSF
NFL associations with neuropsychological performance

When both plasma and CSF NFL were included as dual
predictors in single regression models, plasma but not CSF
NFL was related to worse executive function composite
(plasma P = .004, AR? = 0.04; CSF P = .80), Hooper

1.747 A
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0.000 -

-1.000

Memory Composite Score, Total (z-score)

-2.000

-2.514

0 1000
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Cognitive Diagnosis =e= NC MCI

Fig. 3. CSFNFL and episodic memory scatterplot by diagnostic status. Abbreviations: CSF, cerebrospinal fluid; NFL, neurofilament light; MCI, mild cognitive

impairment; NC, normal cognition.
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Visual Organization Test (plasma P = .02, AR? = 0.03;
CSF P = .56), and Coding performances (plasma
P = .04, AR? = 0.02; CSF P = .61). A similar pattern
emerged for Boston Naming Test but did not achieve the
a priori significance threshold (plasma P = .05; CSF
P = .51). Neither plasma nor CSF NFL significantly ac-
counted for variance in episodic memory composite
(P > .59), Animal Naming (P > .06), or Number
Sequencing performances (P > .46) in these dual predictor
models. When restricted to the NC group, CSF but not
plasma NFL was related to worse episodic memory com-
posite performance (CSF P = .01, AR*> = 0.07; plasma
P = .92). Neither plasma nor CSF NFL was related to
any other neuropsychological domains among the NC
group in head-to-head comparison models (P > .11).
When restricted to the MCI group, plasma but not CSF
NFL was related to worse executive function composite
(plasma P = .04, AR? = 0.08; CSF P =.69) and Hooper Vi-
sual Organization Test (plasma P = .04, AR? = 0.07; CSF
P = .82) performances. Neither plasma nor CSF NFL was
related to language, information processing speed, or
episodic memory performances among the MCI group in
head-to-head comparison models (P > .10). See Table 4
for details.

value AR?"
0.08

46

—0.004, —0.0002 .03
.64

—0.0005, 0.0002 .40
.29

32
—0.00008 —0.0004, 0.0002 .58

—0.002, 0.0008

—0.007, 0.002
—0.011, 0.007
—0.002, 0.0007

95% CI

-0.0005
—0.002
—0.002
—0.002
—0.0002
—0.0008

MCI only
B

value AR?

1
3
4
21
5
45

—0.004, 0.001
—0.004, 0.009
—0.002, 0.010

95% CI

0.004
—0.0001 —0.0004, 0.0002

—0.0005 —0.0018, 0.0008

0.003
—0.0005 —0.0009, —0.0001 .008 0.07

NC only
value AR B
- —0.0007 —0.002, 0.0003
- —0.001
0.02

1
27

0.00004 —0.0004, 0.0005 .87

4. Discussion

.63
7

We evaluated plasma and CSF NFL associations with
comprehensive  neuropsychological  performance in
community-dwelling older adults. CSF NFL was related to
cognition in our participants without clinical dementia or
stroke, aligning with previous reports in more clinically
symptomatic older adults with MCI and clinical AD [2,7].
Plasma and CSF NFL levels were moderately correlated in
our sample, consistent with effects reported in the
Alzheimer’s Disease Neuroimaging Initiative [12,15]. In
head-to-head comparisons, plasma NFL appeared to account
for more variance in cognition, including associations with
information processing speed, executive functioning, and vi-
suospatial skills. Plasma NFL associations with executive
functioning and visuospatial skills persisted when the sam-
ple was restricted to individuals with MCI, whereas no
plasma NFL associations were observed within the NC
group. By contrast, CSF NFL was uniquely related to
episodic memory performance within the NC group but
otherwise did not account for any variance in cognition
beyond that of plasma NFL. While effects ranged from small
to medium, these findings were observed in the context of
comprehensive covariate adjustment, adding plausibility to
the interpretive value of these biomarker associations despite
modest effects. This novel evidence supports the utility of
CSF and plasma NFL as biomarkers of early adverse cogni-
tive aging.

Notably, plasma NFL did not relate to cognition within
the NC group. Given that plasma and CSF NFL are more
strongly correlated in other clinical groups with greater

95% CI
—0.0004 —0.002, 0.001
—0.0005 —0.003, 0.002
—0.003 —0.011, 0.004
—0.017, 0.005
—0.002, 0.002
0.0000, 0.001

—0.006
—0.0004
0.0005

Diagnostic interaction
value AR?" B
A5 -
0.03
13

0

8

.85

1
—0.0002 —0.0005, —0.00001 .04 0.02

—0.003, —0.0004

95% CI

—0.0006 —0.001, 0.0002

—0.002
—0.0005 —0.004, 0.003

—0.0005 —0.005, 0.004
—0.0002 —0.0004, 0.0001

Main effect

B
Change in R? accounted for by the interaction term after entering all covariates into the model.

Change in R? accounted for by the predictor after entering all covariates into the model.

6
04
NOTE. Significant (P < .05) results indicated in bold.
Abbreviations: B, unstandardized beta reflects the change in outcome as a function of one-unit increase in the raw value of the predictor; CSF, cerebrospinal fluid; DKEFS, Delis-Kaplan Executive Function

System; MCI, mild cognitive impairment; NC, normal cognition; WAIS-IV, Wechsler Adult Intelligence Scale IV.
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Hooper Visual Organization Test —0.0007 —0.002, 0.0002

Boston Naming Test

Animal Naming

WAIS-IV Coding

DKEFS Number Sequencing
Executive Function Composite
Episodic Memory Composite

Table 3
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Table 4
Head-to-head comparisons of plasma and CSF neurofilament light in dual predictor models of neuropsychological performance
Plasma NFL CSF NFL
Total sample B 95% CI P value AR* B 95% CI P value AR?
Boston Naming Test —0.05 —0.09, 0.0008 .054 - —0.0003 —0.001, 0.0005 Sl -
Animal Naming —0.06 —0.14, 0.02 .16 - —0.001 —0.003, 0.0001 .06 -
WAIS-1V Coding —0.23 —0.45, —0.009 .04 0.02 0.001 —0.003, 0.005 .61 -
DKEFS Number Sequencing 0.12 —0.19, 0.43 46 - —0.001 —0.007, 0.004 .65 -
Executive Function Composite —0.02 —0.03, —0.006 .004 0.04 —0.00003 —0.0003, 0.0002 .80 -
Hooper Visual Organization Test —0.07 —0.12, —0.009 .02 0.03 —0.0003 —0.001, 0.0007 .56 -
Episodic Memory Composite —0.004 —0.02, 0.01 .59 - —0.0002 —0.0005, 0.00003 .09 -
NC only
Boston Naming Test —0.05 —0.12,0.02 15 - —0.0008 —0.002, 0.0002 A2 -
Animal Naming —0.003 —0.19,0.18 97 - —0.001 —0.004, 0.001 .35 -
WAIS-1V Coding 0.12 —0.32,0.56 .59 - 0.003 —0.004, 0.01 .39 -
DKEFS Number Sequencing 0.10 —0.33,0.53 .65 - 0.004 —0.002, 0.01 .19 -
Executive Function Composite —0.01 —0.03, 0.007 18 - —0.0001 —0.0004, 0.0002 38 -
Hooper Visual Organization Test —0.04 —0.13,0.04 32 - —0.0006 —0.002, 0.0007 .36 -
Episodic Memory Composite 0.001 —0.02, 0.03 .92 - —0.0005 —0.0009, —0.0001 .01 0.07
MCT only
Boston Naming Test —-0.07 —0.15, 0.02 11 - 0.0002 —0.001, 0.002 81 -
Animal Naming —0.09 —0.21,0.02 .10 - —0.001 —0.003, 0.001 .33 -
WAIS-1V Coding —0.24 —0.57,0.09 .14 - —0.0001 —0.006, 0.006 .96 -
DKEFS Number Sequencing 0.25 —0.33,0.83 40 - —0.004 —0.01, 0.006 .40 -
Executive Function Composite —0.03 —0.05, —0.001 .04 0.08 0.00009 —0.0003, 0.0005 .69 -
Hooper Visual Organization Test —0.11 —0.21, —0.005 04 0.07 0.0002 —0.002, 0.002 .82 -
Episodic Memory Composite —0.004 —0.02, 0.02 74 - —0.00005 —0.0004, 0.0003 79 -

NOTE. Results are for plasma and CSF NFL when both predictors were simultaneously entered into the regression model after all covariates. Significant

(P < .05) results indicated in bold.

Abbreviations: CSF, cerebrospinal fluid; B, unstandardized beta reflects the change in outcome as a function of one-unit increase in the raw value of the pre-

dictor; DKEFS, Delis-Kaplan Executive Function System; MCI, mild cognitive impairment; NC, normal cognition; NFL, neurofilament light; WAIS-IV, Wechs-

ler Adult Intelligence Scale IV.

“Change in R? accounted for by plasma NFL after entering all covariates and CSF NFL into the model.
Change in R? accounted for by CSF NFL after entering all covariates and plasma NFL into the model. Significant (P < .05) results are indicated in bold.

white matter disease severity [13,14], it is plausible that
plasma NFL may be a slightly more robust biomarker in
MCI than NC due to increased solute exchange to the
blood with worsening blood-brain barrier (BBB) integrity.
Findings from dynamic contrast arterial imaging that de-
picts increased hippocampal BBB permeability in MCI
compared to age-matched NC controls offer strong evi-
dence that BBB integrity is compromised in MCI [22].
Moreover, recent findings from Bowman and colleagues
[23] showed an association between increased BBB perme-
ability measured by serum/CSF albumin ratio and worse
cognitive decline in older adults with MCI. However, to
date, no direct comparison of BBB permeability with
plasma NFL concentrations or the slope of the correlation
of plasma NFL with CSF NFL in the context of neurode-
generation has been reported to examine this hypothesis
closer, though a small pilot study suggests blood NFL con-
centration is unaffected by BBB permeability [24]. More-
over, the exact clearance pathway(s) by which NFL
enters the CSF and plasma have not been well characterized
in the literature, and it is possible that the CSF and plasma
NFL levels might reflect separate, albeit co-occurring, un-
derlying neural injury processes. Such physiological dis-

tinctions could account for the diagnostic interactions
observed here. Replication studies with larger sample sizes
and longitudinal modeling will further elucidate possible
distinctions between plasma and CSF NFL in detecting
subtle indicators of adverse brain aging.

Fluid biomarkers provide in vivo evidence of neuropath-
ological changes underlying AD and related dementias,
improving early diagnostic capabilities, enhancing partici-
pant selection for clinical trials, and deepening our under-
standing of the pathological substrates of adverse cognitive
aging [25]. Our study provides novel evidence supporting
the utility of plasma NFL, a biomarker of large-caliber neu-
roaxonal injury, as a promising, relatively accessible blood-
based biomarker with relevance to early cognitive changes in
advanced age. Our findings highlight the importance of bet-
ter understanding potential mechanisms of age-related neu-
roaxonal injury in the context of AD pathology development
and progression. Prior work has suggested plasma NFL may
be a useful biomarker of cognitive decline in AD and other
neurodegenerative conditions, with greater specificity for
AD compared to movement disorders [26]. Such improved
specificity may be due to neuroaxonal degradation occurring
secondary to neuronal death during the onset and
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progression of AD-related cortical atrophy. Furthermore,
emerging evidence leveraging CSF AfB42 and hyperphos-
phorylated tau have linked these core AD pathologies to
white matter microstructural damage among aging adults
[5] even in familial AD [27,28]. These findings suggest
damage to the cerebral white matter (and underlying
axons) may be more directly involved in the AD
pathological cascade than previously recognized. Future
research should continue to explore the role of
neuroaxonal injury in contributing to cognitive decline
both within and beyond the amyloid cascade hypothesis.

Study strengths include detailed neuropsychological
assessment, core biomarker processing laboratory, and
comprehensive covariate ascertainment. Emphasizing bio-
markers beyond the amyloid cascade hypothesis [29] offers
an opportunity to enhance our understanding of concomitant
pathological pathways driving adverse cognitive aging. Lim-
itations include the cross-sectional design precluding infer-
ences about causality. Generalizability is restricted given
the well-educated, predominantly White older sample.
Finally, multiple comparisons were made increasing the pos-
sibility of a false-positive finding. Replication in more
diverse ethnic/racial groups of older adults and leveraging
longitudinal models would further elucidate how CSF and
plasma NFL concentrations relate to early cognitive trajec-
tory in AD and related dementias.
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RESEARCH IN CONTEXT

1. Systematic review: For our PubMed search, we used
various combinations of terms “neurofilament light”
(NFL), “cerebrospinal fluid” (CSF), “plasma,”
“cognition,” “memory,” “Alzheimer’s,” and “demen-
tia” using Boolean search logic. Additional refer-
ences were identified using works cited in articles
located from search terms. Articles related to neuro-
degeneration and cognitive decline were used to
determine prior findings of NFL levels in CSF and
plasma across the advanced aging spectrum.

2. Interpretation: Our findings suggest plasma and CSF
NFL (reflecting large caliber neuroaxonal injury)
relate to cognition among nondemented older adults.
Plasma NFL associations were particularly robust in
participants with mild cognitive impairment, sug-
gesting its promise as a widely accessible biomarker
relevant to cognitive functioning in prodromal stages
of Alzheimer’s disease.

3. Future directions: Future research should assess how
plasma and CSF NFL relate to longitudinal cognitive
trajectory, as well as replicate present findings in
more demographically diverse participant samples.
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