
Received: 12October 2021 Revised: 25 January 2022 Accepted: 26 January 2022 Published online: 28 February 2022

DOI: 10.1002/dad2.12295

R E S E A RCH ART I C L E

Plasma and CSFNfL are differentially associatedwith
biomarker evidence of neurodegeneration in a
community-based sample of 70-year-olds

AnnaDittrich1,3 Nicholas J. Ashton1,2,8,9 Henrik Zetterberg1,4,10,11

Kaj Blennow1,4 Joel Simrén1,4 Fiona Geiger1 Anna Zettergren1

Sara Shams5,7,12 AlejandraMachado PhD6 EricWestman6 Michael Schöll1,2,11

Ingmar Skoog1,3 Silke Kern1,3

1Department of Neuropsychiatric Epidemiology Unit, Department of Psychiatry andNeurochemistry, Institute of Neuroscience and Physiology, Sahlgrenska Academy,

University of Gothenburg, Gothenburg, Sweden

2Wallenberg Center ofMolecular and TranslationalMedicine, University of Gothenburg, Gothenburg, Sweden

3Department of Psychiatry Cognition andOld Age Psychiatry, Sahlgrenska University Hospital, Mölndal, Sweden

4Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Mölndal, Sweden

5Department of Clinical Neuroscience, Karolinska University Hospital, Stockholm, Sweden

6Division of Clinical Geriatrics, Department of Neurobiology, Karolinska University Hospital, Stockholm, Sweden

7Care Sciences and Society, Karolinska Institutet, and Department of Radiology, Karolinska University Hospital, Stockholm, Sweden

8King’s College London, Institute of Psychiatry, Psychology andNeuroscience, MauriceWohl Institute Clinical Neuroscience Institute, London, UK

9NIHR Biomedical Research Centre forMental Health and Biomedical Research Unit for Dementia at South London andMaudsley NHS Foundation, London, UK

10UKDementia Research Institute at UCL, UCL Institute of Neurology, London, UK

11Department of Neurodegenerative Disease, UCL Institute of Neurology, London, UK

12Department of Radiology, Stanford University, Stanford, California, USA

Correspondence

AnnaDittrich, Neuropsychiatric Epidemiology

Unit, Department of Psychiatry and

Neurochemistry, Institute of Neuroscience and

Physiology, Sahlgrenska Academy, Center for

Ageing andHealth (AGECAP) at the University

of Gothenburg, Sweden.

Email: anna.dittrich@vgregion.se

Ingmar Skoog and Silke Kern contributed

equally to this work.

Funding information

Swedish government, Grant/Award Numbers:

ALF 716681, ALFGBG-81392, ALF

GBG-771071, ALFGBG-720931,

ALFGBG-715986, ALFGBG-965923; Swedish

Research Council, Grant/Award Numbers:

2012-5041, 2013-8717, 2013-2496,

Abstract

Neurofilament light protein (NfL) in cerebrospinal fluid (CSF) and plasma (P) are sug-

gested to be interchangeable markers of neurodegeneration. However, evidence is

scarce from community-based samples. NfL was examined in a small-scale sample of

287 individuals from theGothenburgH70Birth cohort 1944 study, using linearmodels

in relation to CSF and magnetic resonance imaging (MRI) biomarker evidence of neu-

rodegeneration. CSF-NfL and P-NfL present distinct associations with biomarker evi-

dence of Alzheimer’s disease (AD) pathology and neurodegeneration. P-NfL was asso-

ciated with several markers that are characteristic of AD, including smaller hippocam-

pal volumes, amyloid beta (Aβ)42, Aβ42/40, and Aβ42/t-tau (total tau). CSF-NfL demon-

strated associations with measures of synaptic and neurodegeneration, including t-

tau, phosphorylated tau (p-tau), and neurogranin. Our findings suggest that P-NfL and
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CSF-NfL may exert different effects on markers of neurodegeneration in a small-scale

community-based sample of 70-year-olds.
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1 BACKGROUND

Neurofilament light protein (NfL) is a sensitivemarker of neural degen-

eration, traditionally measured in cerebrospinal fluid (CSF), and now

measurable in plasma (P).1,2 NfL in circulation is closely correlated

withCSF in clinical samples, providing amore accessible determination

of neurodegeneration. However, reports in healthy controls regarding

this correlation are inconsistent.3–8

In different neurodegenerative conditions, specific changes can be

found in CSF biomarkers as well as on magnetic resonance imaging

(MRI) scans. As an example, amyloid beta (Aβ)42 and tau are estab-

lishedCSFbiomarkers inAlzheimer’s disease (AD), whereaswhitemat-

ter lesions (WMLs) and cerebral microbleeds on MRI are associated

with vascular dementia.9 Clinically, P-NfL and CSF-NfL concentrations

have been reported to be increased in several neurological conditions2

includingAD,10,11 other formsof dementia,12 aswell as traumatic brain

injury.13 P-NfL segregates Parkinson disease from atypical Parkinson

disease14 and predicts mortality risk in patients with cerebral stroke,

aswell as after cardiac arrest.15,16 Therapeutically,NfL normalizes dur-

ing treatment in multiple sclerosis.17 Although demonstrating similar

outcomes of NfL in plasma and CSF,4 studies comparing the associa-

tions in community-based samples are scarce.4 Furthermore, it is not

specifically known if these markers indeed measure the same patho-

physiological changes in individuals from the general public, where

neurodegeneration is less pronounced.

We therefore sought to cross-sectionally examine P-NfL and CSF-

NfL in relation to MRI measurements and CSF markers in a well-

characterized small-scale community-based sample of 70-year-olds.

2 METHODS

2.1 Study design and population using data from
The Gothenburg H70 Birth Cohort 1944 Study

The sample was derived from the Gothenburg H70 Birth Cohort 1944

Study, conducted in 2014 to 2016,18 including participants based on

birth dates. The response rate was 72.2%, and a total of 1203 people

(559 men, 644 women, 96.5% born in Europe) agreed to participate.

All participantswithout contraindicationswere invited to undergoMRI
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H70 Gothenburg Birth Cohort 
Study, birth cohort 1944,

conducted 2014-2016
n=1203

n=1154

n=313

CSF NfL not measured
n=841

MRI not conducted
n=26

P-NfL not measured
n=49

Included in study,
with P-NfL, CSF NfL and 

valid MRI scan
n=287

F IGURE 1 Flowchart of inclusion process for the study. CSF,
cerebrospinal fluid; MRI, magnetic resonance imaging;
NfL= neurofilament light protein; P, plasma

examination and lumbar puncture. P-NfL was not available for 49 indi-

viduals, leaving 1154 individuals (Figure 1). In participants with mea-

sured P-NfL, CSF samples were obtained from 313 individuals, among

whom, 287 had anMRI comprising the final small-scale sample.

Blood and CSF sampling, cognitive testing, a general health inter-

view, and a physical examination with anthropometrics, previously

described in detail,18 were performed at theNeuropsychiatric Clinic at

Sahlgrenska University Hospital in Gothenburg, Sweden, by the H70

study team.

2.2 Standard protocol approvals, registrations,
and patient consents

This study was conducted according to the Declaration of Helsinki

approved by the regional ethical review board. All the participants

and/or their close relatives gave written consent before any study-

related procedures were done.

2.3 Medical history

Stroke was diagnosed if (1) reported by the participant or a close

relative, (2) diagnosed in the Swedish National In-patient register, or

(3) there were findings specific for stroke on MRI scan also without

symptoms. Transitory ischemic attacks were not classified as a stroke.

Dementia was diagnosed according to Diagnostic and Statistical Manual

ofMentalDisorders, Third Edition, Revised (DSM-III-R).Hypertensionwas

RESEARCH INCONTEXT

1. Systematic Review: Literature available on PubMed was

reviewed. Neurofilament light protein (NfL) is one of the

most sensitive markers of neural degeneration, and stud-

ies suggest a potential for NfL in plasma (P) similar to that

in cerebrospinal fluid (CSF). Because P-NfLwill be used in

the general population, understanding if P-NfL and CSF-

NfL are equally related to neurodegeneration in individu-

als from this demographic is important.

2. Interpretation: Our findings demonstrate that CSF-NfL

and P-NfL present distinct associations with biomarker

evidence of Alzheimer’s disease (AD) pathology and neu-

rodegeneration in a small-scale, community-based sam-

ple of 70-year-olds. P-NfL was associated with several

markers that are characteristic for AD, whereas CSF-NfL

demonstrated associations with measures of synaptic-

and neurodegeneration.

3. Future Directions: The different association patterns

between P-NfL and CSF-NfL should be explored in future

studies as they may be related to different pathophysio-

logic changes during preclinical AD,with possible implica-

tions for preclinical AD research.

defined as systolic blood pressure >140 mm Hg, diastolic blood pres-

sure >90 mm Hg, or history of hypertension with ongoing medication

reported by the participant. Diabetes was defined as a previous diag-

nosis of diabetes reported by the participant, or a fasting blood glu-

cose >7.0 mmol/L at the day of blood sampling for the study. Chronic

kidney disease (CKD)was defined as an estimated glomerular filtration

rate below 60mL/min/1.73m2.19

2.4 Cognitive assessments

Mini Mental State Examination (MMSE) and Clinical Dementia Rating

(CDR) assessments were conducted by research nurses with specific

training. CDR scores and dementia diagnoses were verified by study

physicians in consensus conferences.

Participants were defined as cognitively unimpaired (CU) with

CDR= 0, and asmild cognitive impairment (MCI) with CDR= 0.5.

2.5 Blood measurements

Blood sampling was performed at the initial study visit for all partic-

ipants. The P-NfL measurements were performed in the Neurochem-

istry Laboratory at SahlgrenskaUniversityHospital,Mölndal, using the

NF-Light kit on a Simoa HD-X Analyser (Quanterix, Billerica, MA, USA)

according to the manufacturer’s instructions. Calibrators were run in
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duplicates and samples were diluted 4-fold and run in singlicates with-

out information on any clinical data. The dynamic range of the assay

was 0.174 to 1800 pg/mL. Two quality control (QC) plasma samples

were run in duplicate in the beginning and the end of each run. For a

QC sample with a concentration of 6.6 pg/mL, repeatability was 7.6%

and intermediate precision was 8%. For aQC sample with a concentra-

tion of 50.5 pg/mL, repeatability was 7.2% and intermediate precision

was 7.8%.

2.6 APOE ε4 genotyping

Genotyping was performed on collected blood, with the KASPar PCR

SNP genotyping system (LGC Genomics, Hoddesdon, Herts, UK). Sin-

gle nucleotide polymorphisms rs7412 and rs429358 in apolipoprotein

E gene (APOE) (genemap locus 19q13.2) were used to define the ε2, ε3,
and ε4 alleles.

2.7 CSF sampling

MRI scans todetect contraindicationswere conductedwithin2months

of the lumbar puncture (LP).18 A neurologist or psychiatrist conducted

the LP in the morning.20 CSF was collected and immediately cen-

trifuged for10minutes. The supernatantwasgentlymixed toavoidgra-

dient effects, and stored in polypropylene tubes at −80◦C. CSF total

tau (t-tau) and tau phosphorylated at threonine 181 (p-tau) concentra-

tions were measured using a sandwich enzyme-linked immunosorbent

assay (ELISA) (INNOTEST htau Ag and PHOSPHO_TAU [181P], Fujire-

bio [formerly Innogenetics], Ghent, Belgium).21,22 Aβ42 concentration
was measured using an ELISA (INNOTEST Aβ1-42), specifically con-

structed to measure Aβ, amino acid 1-42.23 For the Aβ42/40 ratio, the

V-PLEXAβPeptide Panel 1 (6E10)Kit (MesoScaleDiscovery, Rockville,

MD, USA) was used.24

The biomarkers were quantified using validated in-house ELISAs

developed at the Mölndal Clinical Neurochemistry Laboratory.25,26

The CSF-NfL assay has a correlation coefficient >0.99 for other com-

mercial assays, an interplate coefficient of variation less than 13%,

and presents no cross-reactivity for other neurofilaments.25 The cut

point for the presence of AD-related biomarker pathology in CSF was

defined as a Aβ42 concentration ≤530 pg/mL. Stratification by Aβ
pathology was performed, as this is the earliest manifestation in AD,

and resulted in a balanced separation of the population into similar-

sized groups. The cut point was based on a previous longitudinal

study.27

2.8 MRI analysis

All participants were invited to MRI of the brain conducted within 3

months of the initial study visit at the Aleris Clinic in Gothenburg,

using a 3.0T Philips Achieva system, as detailed elsewhere.18 Hip-

pocampus and lateral ventricle volumes, as well as mean cortical thick-

ness, were measured using the automated software FreeSurfer 6.0.0

(http://surfer.nmr.mgh.harvard.edu/) through the TheHiveDB.28 The

mean volumes of the left and right sides were calculated. For esti-

mation of number and volume of WML, the open source segmenta-

tion toolbox LST2.0.15 implemented in the Statistical ParametricMap-

ping (SPM) software (https://www.fil.ion.ucl.ac.uk/spm/)wasused. Fur-

ther details on image processing and WML measurements have been

describe previously.29 Cerebral microbleeds were determined accord-

ing to microbleed anatomical rating scales (MARS) by an experienced

neuroradiologist (S. S.) with a history of excellent interrater agreement

from previously published studies.30 Volumetric measurements of dif-

ferent cerebral regions presented, including WML volume, were nor-

malized to total intracranial volume measured through the same soft-

ware using the formula below.

VNormalized =
VMeasured

ICVMeasured
× ICVMean

VNormalized = The normalized volume for the participant.

VMeasured = Themeasured volume for the participant.

ICVMeasured = The measured intracranial volume for the partici-

pant.

ICVMean = Themean intracranial volume of the study population.

2.9 Statistical methods

Data in tables are presented as median [interquartile range (IQR)]. All

linear regressions were performed with and without adjusting for age

and sex. Variables that were not normally distributed were log trans-

formed using the natural logarithm for a near-normal distribution and

to minimize the potential influence of outliers. NfL variables as well as

MMSE were also standardized with z-scores to enable comparison of

effect sizes between P-NfL and CSF-NfL. p-values < 0.05 were con-

sidered to be statistically significant, two-sided. Kruskal-Wallis tests

were used to assess differences between non-transformed data pre-

sented as quartiles. Correlations were tested with Spearman’s rank-

order correlation. Data were analyzed for the full group of n = 287,

as well as stratified by the presence of Aβ pathology. No outliers were
excluded in any analysis. In a separate sensitivity analysis, five partic-

ipants with dementia were excluded and all analyses were performed

on the remaining sample of 282 individuals. SPSS (version 26, IBM)was

used for statistical analysis. GraphPad Prism (version 9.0.0, GraphPad

Software) was used to draw box plots.

3 RESULTS

3.1 Characteristics

Characteristics of participants (n = 287) are provided in Table 1. Par-

ticipants had a median age of 70 years (male, 52%, mean educational

length 12.8 (SD ± 3.9) years). MCI prevalence was 17.8% (29 male, 22

female). Therewerenomajordifferencesbetween the287participants

http://surfer.nmr.mgh.harvard.edu/
https://www.fil.ion.ucl.ac.uk/spm/
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TABLE 1 Characteristics of participants

Median [IQR]/n (%)

Male 148 (52)

Age (years) 71 [70; 71]

Education (years) 12 [10; 15]

Stroke 7 (2)

Dementia 5 (2)

APOE ε4a 107 (37)

Hypertension 209 (73)

Diabetes 34 (12)

Chronic kidney disease 21 (7)

Bodymass index (kg/m2) 24.9 [22.8; 27.9]

Cognitive assessments

CDR= 0b 230 (80)

CDR= 0.5b 51 (18)

MMSE (total points) 29 [28; 30]

MRImeasurements

Mean cortical thickness (mm) 2.34 [2.27; 2.39]

Hippocampal volumec (mm3) 3979 [3535; 4248]

Mean lateral ventricle volumec (mm3) 14562 [10898; 19330]

Whitematter lesion, volumec (mL) 3.94 [2.11; 7.93]

Whitematter lesions (number) 18 [12; 24]

Visible microbleeds 25 (9)

CSFmarkers

Aβ42 (pg/mL) 543 [407; 665]

t-tau (pg/mL) 299 [249; 387]

p-tau (pg/mL) 48 [38; 56]

Neurofilament light protein (pg/mL) 726 [556; 927]

Neurogranin (pg/mL) 195.92 [157.63; 231.82]

Aβ42/40 0.95 [0.72; 1.00]

Aβ42/t-tau 1.89 [1.39; 2.2]

Qalb 6.1 [4.9; 7.9]

Plasmamarker

Neurofilament light (pg/mL) 14.2 [10.5; 17.8]

Abbreviations: CDR, Clinical Dementia Rating; CSF, cerebrospinal fluid;

IQR, interquartile range;MMSE,MiniMental State Examination;MRI, mag-

netic resonance imaging; Qalb, CSF/serum albumin-ratio.

n= 287.
aParticipants carrying one or two ε4 alleles were considered positive.
bParticipants with a dementia diagnosis are not included.
cNormalized volume.

in the study and the 867 non-participants with P-NfL analyzed, except

that participants with CSF sampling were less likely to have had a

stroke andmore often carried anAPOE ε4 allele (Table S1). Participants
with Aβ pathology more often carried an APOE ε4 allele (Table S2). All

participantswith dementia presented anAβ pathology. P- andCSF-NfL
showed a fair correlation (Spearmant’s rho= 0.41 P< .001).31 CSF-NfL

levels were higher in men than in women (men 745 pg/mL, women 705

pg/mL, P = .03) but P-NfL levels did not differ (men 13.2, women 15.1

pg/mL, P= .06). NfL levels did not differ betweenCU (n= 230) andMCI

(n = 51) (P-NfL, CU:14.1 vs MCI: 14.1 pg/mL, P = .98) (CSF-NfL, CU:

728 vs MCI: 701 pg/mL, P = .57). Participants with dementia (n = 5)

had higher P-NfL levels than CU (dementia: 21.2 vs CU: 14.1 pg/mL,

P= .02), but there was no difference in CSF-NfL (dementia: 913 pg/mL

vs CU: 728 pg/mL, P= .19).

3.2 Associations between P- and CSF-NfL and
clinical variables

Associations betweeneachdemographic,medical, or cognitive variable

and P-NfL andCSF-NfL are provided in Table 2. Higher P-NfLwas asso-

ciatedwith dementia, CKD, andwith lower BMI (Table 2). P-NfL did not

differ by sex, age, education, stroke,APOE ɛ4 carriership, hypertension,
diabetes, orMMSE score.

CSF-NfLwas associatedwith lowerBMIbutwasnot associatedwith

any other clinical variables (Table 2).

3.3 The association between NfL and MRI
measures of neurodegeneration

Higher P-NfL was associated with a smaller hippocampal volume and

larger volumesofWMLs (Table2). TherewasnoassociationbetweenP-

NfL and cortical thickness, mean lateral ventricular volume, number of

WMLs, or visiblemicrobleeds (Table 2). Analyzing quartiles (Q) of P-NfL

showed that participantswith thehighest P-NfL levels (Q4) had smaller

hippocampal volumes thanparticipantswithP-NfL levels inQ2andQ3,

and larger WML volumes in Q4 versus Q1 and Q3 (Figure 2B and 2D).

Therewas no difference in quartiles regarding cortical thickness or lat-

eral ventricular volume (Figure 2A and 2C).

CSF-NfL was not associated with MRI measurements (Table 2).

When participants were separated by quartiles, participants in Q4 had

significantly smaller hippocampal volume than participants in Q1 and

Q3 (Figure 2F). There were no differences between CSF-NfL quartiles

for any otherMRImeasurement (Figure 2E and 2G-H).

3.4 The association between NfL and CSF
markers

Higher P-NfL levels were associated with lower levels of Aβ42,
higher levels of CSF-NfL, lower Aβ42/40, lower Aβ42/t-tau and higher

CSF/serum albumin ratio (QAlb) after adjustment for age and sex

(Table 2). P-NfL was not associated with t-tau, p-tau, or neurogranin

(Table 2). Similar to the linear models, Aβ42/t-tau was lower in Q4 ver-

sus Q1 of P-NfL (Figure 3D). No other CSF marker presented any dif-

ference between quartiles of P-NfL (Figure 3A-C).

Higher CSF NfL was associated with higher t-tau, p-tau, neuro-

granin,Qalb, andP-NfL (Table2). CSF-NfLwasnot associatedwithAβ42,
Aβ42/40, or Aβ42/t-tau (Table 2).
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F IGURE 2 Association betweenNfL andMRImeasurements. Different radiological markers of neural degeneration presented for study
participants separated by quartiles of P-NfL concentration (A-D), or CSF-NfL concentration (E-H). MRImeasurements presented for cortical
thickness (A, E), hippocampal volume (B, F), ventricular volume (C, G), andwhite matter lesion volume (D, H). Statistical comparisons were
performedwith Kruskal-Wallis test. CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; NfL, neurofilament light protein; P, plasma; Q,
quartile
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F IGURE 3 Association betweenNfL and CSFmarkers. Different clinical markers of neural degeneration presented for study participants
separated by quartiles of P-NfL concentration (A-D), or CSF-NFL concentration (E-H). CSF levels presented for CSF amyloid beta (Aβ)42 (A, E), CSF
t-tau (B, F), CSF p-tau (C, G), and CSF Aβ42/t-tau (D, H). Statistical comparisons were performedwith Kruskal-Wallis test. CSF, cerebrospinal fluid;
NfL, neurofilament light protein; P, plasma; p-tau, phosphorylated tau; Q, quartile; t-tau, total tau
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TABLE 2 Univariate associations between each characteristic and z log-transformed neurofilament light in plasma and cerebrospinal fluid, as
well as values adjusting for age and sex

P-NfL CSF-NfL

B (SE) P-value Adjusted B (SE) P-value B (SE) P-value Adjusted B (SE) P-value

Sex 0.193 (0.118) .102 0.211 (0.118) .073 −0.160 (0.118) .177 −0.144 (0.118) .222

Age (years) 29.301 (16.142) .071 31.584 (16.129) .051 28.215 (16.149) .082 26.656 (16.185) .101

Education (years) 0.364 (0.195) .062 0.378 (0.193) .051 0.223 (0.195) .254 0.229 (0.195) .240

Stroke −0.352 (0.383) .358 −0.306 (0.382) .423 −0.091 (0.383) .813 −0.164 (0.384) .670

Dementia 1.020 (0.448) .024 0.951 (0.446) .034 0.421 (0.451) .352 0.464 (0.451) .304

APOE ε4a 0.028 (0.122) .820 0.029 (0.122) .812 0.048 (0.122) .693 0.026 (0.122) .831

Hypertension 0.007 (0.133) .960 0.034 (0.132) .795 −0.059 (0.133) .657 −0.060 (0.133) .650

Diabetes −0.017 (0.183) .924 −0.002 (0.184) .992 0.301 (0.182) .099 0.251 (0.184) .174

Chronic kidney disease 0.271 (0.104) .010 0.259 (0.104) .013 −0.071 (0.113) .533 −0.060 (0.113) .595

Bodymass index (kg/m2) −1.544 (0.363) <.001 −1.477 (0.365) <.001 −0.737 (0.370) .048 −0.794 (0.371) .033

MMSE (total points, z score) −0.021 (0.058) .716 −0.049 (0.059) .407 0.040 (0.060) .498 0.025 (0.061) .681

MRImeasurements

Mean cortical thickness (mm) −0.641 (0.637) .315 −0.676 (0.635) .288 0.984 (0.636) .123 1.111 (0.635) .081

Hippocampal volumeb (mm3) −1.136 (0.455) .013 −1.532 (0.475) .001 −0.532 (0.459) .247 −0.343 (0.485) .480

Mean lateral ventricle

volumeb (mm3)

0.232 (0.141) .101 0.260 (0.142) .068 0.160 (0.141) .258 0.121 (0.143) .400

Whitematter lesion,

volumeb, (mL)

0.159 (0.055) .004 0.159 (0.055) .004 0.009 (0.056) .867 −0.006 (0.056) .916

Whitematter lesion

(number)

0.182 (0.115) .113 0.228 (0.117) .052 −0.019 (0.115) .872 −0.074 (0.118) .534

Visible microbleeds 0.318 (0.209) .130 0.290 (0.208) .164 −0.125 (0.210) .553 −0.137 (0.209) .512

CSFmarkers

Aβ42, (pg/mL) −0.001 (0.000) .046 −0.001 (0.000) .043 0.000 (0.000) .315 0.000 (0.000) .240

t-tau, (pg/mL) 0.181 (0.162) .264 0.184 (0.161) .253 0.533 (0.159) .001 0.524 (0.159) .001

p-tau, (pg/mL) 0.139 (0.181) .443 0.173 (0.180) .338 0.785 (0.175) <.001 0.815 (0.175) <.001

Neurofilament light

protein, (pg/mL)

0.593 (0.114) <.001 0.595 (0.114) <.001 – – – –

Neurogranin, pg/mL −0.163 (0.182) .372 −0.219 (0.182) .228 0.448 (0.180) .014 0.447 (0.181) .014

Aβ42/40 −0.379 (0.194) .051 −0.381 (0.192) .049 −0.115 (0.195) .554 −0.095 (0.194) .625

Aβ42/t−tau −0.324 (0.123) .009 −0.329 (0.122) .007 −0.239 (0.123) .053 −0.221 (0.123) .074

Qalb 0.238 (0.168) .158 0.358 (0.173) .040 0.580 (0.165) .001 0.574 (0.172) .001

Plasmamarker

P-Neurofilament light

protein (pg/mL)

– – – – 0.637 (0.122) <.001 0.644 (0.123) <.001

Note: Neurofilament light protein in plasma andCSFwere log-transformed and z scored to compare the coefficients.Models including cognitive variables also

adjusted for education.

CDR, Clinical Dementia Rating; CSF, cerebrospinal fluid; MMSE,MiniMental State Examination;MRI, magnetic resonance imaging; NfL, neurofilament light;

Qalb, CSF/serum albumin-ratio; SE, standard error.
aParticipants carrying one or two ε4 alleles were considered positive.
bNormalized volume.

n= 287.P< .05 was considered statistically significant.

Similar to the linearmodels, t-tauwas significantly higher inQ4 ver-

sus Q1 of CSF-NfL, and p-tau was higher in Q4 versus Q1 of CSF-NfL

(Figure 3F and 2G). In addition, Aβ42/t-tau was also significantly lower
inQ4versusQ1ofCSF-NfL (Figure 3H). Therewas nodifference in lev-

els of Aβ42 between quartiles of CSF-NfL (Figure 3E).

Results remained generally the same after excluding five partici-

pants with dementia (n = 282, Table S3). In addition, higher P-NfL was

associated with years of education and with a diagnosis of stroke. The

associations between P-NfL and Aβ42, and Aβ42/4 remained close to

P< .05 but were no longer statistically significant.
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TABLE 3 Associations between each characteristic and z log-transformed neurofilament light protein in plasma for participants with and
without Aβ pathologya (±, n= 135/152), before and after adjustment for age and sex

Aβ+ Aβ−

B (SE) P-value Adjusted B (SE) P-value B (SE) P-value Adjusted B (SE) P-value

Sex 0.173 (0.173) .320 0.200 (0.172) .248 0.221 (0.162) .175 0.232 (0.162) .153

Age (years) 37.182 (24.498) .131 39.977 (24.585) .106 23.762 (21.533) .272 25.633 (21.497) .235

Education (years) 0.536 (0.276) .054 0.500 (0.276) .072 0.247 (0.274) .370 0.301 (0.275) .275

Stroke 0.445 (0.508) .383 0.453 (0.515) .380 −1.221 (0.577) .036 −1.145 (0.577) .049

Dementiab 1.128 (0.447) .013 1.072 (0.449) .018 – – – –

APOE ε4c −0.107 (0.173) .537 −0.088 (0.172) .609 0.077 (0.191) .687 0.062 (0.192) .749

Hypertension 0.208 (0.191) .279 0.221 (0.190) .247 −0.133 (0.184) .473 −0.092 (0.185) .621

Diabetes 0.134 (0.267) .618 0.272 (0.282) .335 −0.122 (0.252) .628 −0.188 (0.254) .461

Chronic kidney disease 0.353 (0.152) .022 0.354 (0.152) .021 0.245 (0.143) .090 0.225 (0.143) .119

Bodymass index (kg/m2) −1.109 (0.530) .038 −1.036 (0.541) .058 −1.862 (0.504) <.001 −1.815 (0.504) <.001

MMSE (total points, z score) 0.011 (0.085) .897 −0.034 (0.085) .693 −0.046 (0.081) .571 −0.062 (0.083) .458

MRImeasurements

Mean cortical thickness (mm) −1.392 (0.928) .136 −1.699 (0.939) .073 −0.093 (0.877) .916 0.049 (0.879) .956

Hippocampal volumed (mm3) −0.845 (0.625) .179 −1.160 (0.644) .074 −1.378 (0.676) .043 −1.977 (0.727) .007

Mean lateral ventricle

volumed (mm3)

0.072 (0.192) .709 0.047 (0.192) .806 0.368 (0.211) .084 0.496 (0.220) .025

Whitematter lesion volumed

(mL)

0.151 (0.080) .060 0.160 (0.080) .047 0.161 (0.077) .039 0.155 (0.077) .048

Whitematter lesion (number) −0.009 (0.180) .961 0.020 (0.184) .916 0.275 (0.149) .066 0.333 (0.152) .030

Visible microbleeds 0.285 (0.303) .348 0.213 (0.304) .486 0.345 (0.291) .237 0.346 (0.290) .234

CSFmarkers

Aβ42, (pg/mL) −0.002 (0.001) .009 −0.002 (0.001) .009 0.000 (0.001) .561 0.000 (0.001) .547

t-tau (pg/mL) 0.306 (0.201) .130 0.324 (0.200) .107 0.123 (0.287) .670 0.102 (0.287) .722

p-tau (pg/mL) 0.355 (0.225) .117 0.399 (0.224) .078 −0.045 (0.323) .890 −0.024 (0.324) .941

Neurofilament light protein

(pg/mL)

0.709 (0.171) <.001 0.700 (0.176) <.001 0.532 (0.152) .001 0.550 (0.151) <.001

Neurogranin (pg/mL) 0.158 (0.253) .534 0.105 (0.254) .679 −0.404 (0.292) .168 −0.488 (0.293) .098

Aβ42/40 −0.516 (0.260) .050 −0.530 (0.259) .043 −0.087 (0.758) .908 0.051 (0.759) .947

Aβ42/t−tau −0.391 (0.154) .012 −0.402 (0.153) .010 −0.333 (0.342) .332 −0.312 (0.343) .364

Qalb 0.192 (0.234) .415 0.296 (0.249) .238 0.312 (0.244) .203 0.445 (0.249) .076

Note: Neurofilament light protein in plasma andCSFwere log-transformed and z scored to compare the coefficients.Models including cognitive variables also

adjusted for education.

Abbreviations: CDR, Clinical Dementia Rating; CSF, cerebrospinal fluid; MMSE,MiniMental State Examination;MRI, magnetic resonance imaging; NfL, neu-

rofilament light; Qalb,CSF/serum albumin-ratio; SE, standard error.
aAβ pathology defined as a Aβ42 ≤530 pg/mL.
bNo prevalent dementia in participants without Aβ pathology.
cParticipants carrying one or two ε4 alleles were considered positive.
dNormalized volume.

n= 287.P< .05 was considered statistically significant.

3.5 Associations stratified by presence of Aβ
pathology

Participants (n = 287) were stratified depending on the presence or

absence of Aβ pathology (+/−) (Table 3).
In participants with Aβ pathology, P-NfL was associated with

dementia and CKD. There were also negative associations with BMI

that did not persist after adjustment for age and sex. Furthermore, P-

NfL was positively associated with age- and sex-adjusted volume of

WMLs and CSF-NfL, and negatively with Aβ42, Aβ42/40, and Aβ42/t-
tau (Table 3). P-NfL did not differ by sex, age, education, stroke,

APOE ɛ4 carriership, hypertension, diabetes, MMSE score, or any

other MRI-variables and CSF markers among individuals with Aβ
pathology.
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When participantswith dementia from the groupwith Aβ pathology
were excluded (Table S4), the results were the same as for the origi-

nal sample with a few exceptions. After exclusion of participants with

dementia, there was a positive association between P-NfL and years

of education. The observed associations between P-NfL andWML vol-

umewas no longer significant.

In participants without Aβ pathology, P-NfL yielded negative associ-
ations with a diagnosis of stroke, BMI, and hippocampus volume. P-NfL

showed positive associations with age- and sex-adjusted lateral ven-

tricle volumes, WML volume, age- and sex-adjusted number of WMLs,

and CSF-NfL.

There were no associations with sex, age, education, APOE ɛ4
carriership, hypertension, diabetes, MMSE score, MRI variables, or

CSF markers. Because all participants with a dementia diagnosis also

presented with Aβ pathology, no association analysis was possible

betweenP-NfL anddementia diagnosis in the groupwithoutAβpathol-
ogy.

Associations between CSF-NfL and clinical variables revealed simi-

lar results as previously shown in the full sample (Table 2) after strat-

ification on Aβ pathology (Table S5). The closest associations were

betweenCSF-NfL and t-tau, p-tau, Qalb, and P-NfL. In participants with

Aβ pathology, CSF-NfL alsowas associatedwith sex, and in participants
without Aβ pathology, CSF-NfL was positively associated with neuro-

granin and negatively with Aβ42/t-tau.

4 DISCUSSION

We examined P-NfL and CSF-NfL in relation to MRI measurements

and CSFmarkers in a well-characterized small-scale community-based

sample of 70-year-olds. Although CSF-NfL and P-NfL were associ-

ated, theypresented independentprofiles. P-NfL, but notCSF-NfL,was

associatedwith smaller hippocampal volumeand larger ventricular vol-

umes, and CSF markers of Aβ42, whereas CSF-NfL was related to t-tau
and p-tau. Furthermore, associations between P-NfL and Aβwere only
observed in participants with Aβ pathology.

CSF-NfL, but not P-NfL, was slightly higher in men, and previous

studies report conflicting results,10,14,32,33 possible due to differences

in age and clinical context.We confirm previous studies demonstrating

that P-NfL decreases with increased BMI, due to dilution effects.34,35

P-NfL was associated with a diagnosis of dementia, as described previ-

ously in other settings.14,36,37 However, itmust be emphasized that our

study only had five participants withmild dementia.

The correlation between P-NfL and CSF-NfL in this study was quite

modest, in line with reports from generally healthy individuals,4,6–8

unlike the established clinical correlation. The exact relationship

between P-NfL and CSF-NfL is not known, although it could be pro-

posed that P-NfL levels are determined by a passive transport over the

blood-brain barrier.4,38 Our results alignwith this concept, as there is a

close association between CSF-NfL and P-NfL in all study subgroups.

Furthermore, the levels of CSF-NfL were more than 10 times higher

than in plasma, indicating that the main production of NfL stemmed

from the central nervous system (CNS). Finally, although distinctly dif-

ferent, NfL in plasma and CSF were both associated with other estab-

lishedmarkers of neurodegeneration in CSF.

Previously, associations for NfL in CSF and plasma have been com-

pared in relation to neuroimaging variables in other community-based

samples.4,39 We extend these studies, by adding findings on several

CSF markers including CSF-NfL. P-NfL was associated with both hip-

pocampal volume and lateral ventricle volumes, whereas CSF-NfL dif-

fered in hippocampal volume only in its highest quartile. Although P-

NfL was associated with Aβ42, Aβ42/40, and Aβ42/t-tau, CSF-NfL was

associatedwith t- and p-tau, and neurogranin. Previous studies of CSF-

NfL in cognitively normal individuals have reported associations with

tau while not finding associations with Aβ pathology or hippocampal

volumes.40,41 However, the distinctly different association pattern in

plasma has not been reported.

Although the associations between P-NfL and Aβ42 as well as

Aβ42/40 were not significant after exclusion of five participants with

dementia, the change inP-valuewasminimal (fromP= .043 toP= .070,

and P= .049 to P= .054, respectively), suggesting that dementia is not

causing these associations. Furthermore, as this is a smaller sub-sample

from a larger study of randomly invited 70-year-olds in Gothenburg,

participants with mild dementia were not outliers in their P-NfL data.

In line with this reasoning, P-NfL was associated with lower levels of

Aβ42, Aβ42/40, and Aβ42/t-tau in the 282 participants without demen-

tia who presented Aβ pathology, suggesting that participants with Aβ
pathology drive these associations.

The reason that we only found MRI associations with P-NfL is

unclear, but it is likely owing to the cognitively healthy sample. Hip-

pocampal volumes were significantly smaller in participants with the

highest quartile of CSFNfL, but no linear association was found. In line

with our observations, a recent longitudinal study evaluating the asso-

ciations of P-NfL with neurodegeneration in AD found that cerebral

atrophy was only significantly associated with gray matter atrophy in

cognitively unimpaired participants with a prevalent Aβ pathology and
not in cognitively impaired participants.42 This could indicate that cur-

rent knowledge regarding NfL from manifest neurodegenerative con-

ditions is not directly transferrable to generally healthy individuals.

The association between P-NfL and a reduced hippocampal vol-

ume, larger lateral ventricles, and reduced levels of Aβ42, Aβ42/40, and
Aβ42/t-tau suggests that NfL transport from CSF to plasma was higher

in the individuals with neurodegeneration related to preclinical AD. It

is important to understand why, as P-NfL is more clinically accessible.

In addition, associations between increases in P-NfL and cerebral amy-

loidplaqueburdenmeasuredwithPEThavebeen reportedpreviously.4

It is well known that AD patients present specific alterations in blood-

brain barrier function, possibly due toAβ plaque formation around ves-

sels and cerebral amyloid angiopathy. The association betweenNfL and

CKD found only in plasma could be another indicator of a relation to

microvascular dysfunction, alternatively an impaired renal clearance of

NfL as suggested previously.34 Unlike CSF-NfL, P-NfL is also increased

in peripheral neurodegenerative conditions. However, the influence of

peripheral diseases should beminimal in this study, as all outcome vari-

ables are related directly to the CNS. P-NfL and CSF-NfL were both

associated with Qalb, as shown previously in clinical samples.43–45
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When stratifying for Aβ pathology, P-NfL was only associated with

Aβ markers in participants with Aβ pathology. Conversely, most MRI

measurements, including hippocampal volume only associated with P-

NfL in participants without Aβ pathology. It is possible that the pres-

ence of Aβ plaques affects NfL transport over the blood brain barrier,

and it is also possible that the Aβ stratification confounds results on

hippocampal volumes, as both are closely related to AD. Besides the

consequent reduction in sample size, stratification also separates par-

ticipants at high risk for developing AD from participants with other

underlying neurodegenerative pathophysiologies.

A strength of this study is the comprehensive characterization of

participants froma community-based sample. The randomrecruitment

of 70-year-olds in Gothenburg limits selection bias associated with

clinical cohorts. In addition, there are some limitations. Because this

is a community-based sample, the number of participants with mani-

fest cognitive deficits was relatively low. All participants from the H70

Birth Cohort Study were invited to undergo lumbar puncture. How-

ever, participants with CSF sampled were less likely to have had a

stroke compared to the 867non-participantswithP-NfL analyzed. This

could explain the absence of associations between CSF-NfL andWML.

Second, almost all participants in the studywere born in Europe, which

must be considered, as ethnicity is a known risk factor in different neu-

rodegenerative conditions.46 Third, the number of participants volun-

teering for CSF sampling was low in absolute numbers, thus yielding

low statistical power. Furthermore, it is possible that stratification of

Aβ42/40 instead of Aβ42 would have resulted in a more-specific strati-

fication of participants with Aβ pathology.47 However, the decision to

use Aβ42 was based on a previously published longitudinal study defin-
ing a reliable cut point for Aβ42 in relation to incident AD.

In conclusion, NfL in plasma and CSF presented distinctly different

associations with biomarker evidence of neurodegeneration in a small-

scale community-based sample of 70-year-olds in Gothenburg, Swe-

den. P-NfL, but not CSF-NfL, was associated to structural changes on

MRI, that is, smaller hippocampal volume and larger ventricular vol-

umes, and P-NfL was associated with CSF markers of Aβ42, whereas
CSF-NfL was related to t-tau and p-tau. The implications of these dif-

ferent association patterns should be further explored and considered

in future studies including generally healthy participants.
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