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Background: Neurofilament light chain protein (NfL) is a promising biomarker of
neurodegeneration.

Objectives: To determine whether plasma and CSF NfL (1) associate with motor or cognitive
status in Parkinson’s disease (PD) and (2) predict future motor or cognitive decline in PD.

Methods: Six hundred and fifteen participants with neurodegenerative diseases, including 152
PD and 200 healthy control participants, provided a plasma and/or cerebrospinal fluid (CSF)
NfL sample. Diagnostic groups were compared using the KruskalWallis rank test. Within PD,
cross-sectional associations between NfL and Unified Parkinson’s Disease Rating Scale Part

11 (UPDRS-I11) and Mattis Dementia Rating Scale (DRS-2) scores were assessed by linear
regression; longitudinal analyses were performed using linear mixed-effects models and Cox
regression.

Results: Plasma and CSF NfL levels correlated substantially (Spearman r = 0.64, £< 0.001);
NfL was highest in neurocognitive disorders. PD participants with high plasma NfL were more
likely to develop incident cognitive impairment (HR 5.34, £ = 0.005).

Conclusions: Plasma NfL is a useful prognostic biomarker for PD, predicting clinical
conversion to mild cognitive impairment or dementia. © 2021 International Parkinson and
Movement Disorder Society
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Across neurodegenerative diseases, biomarkers can improve diagnostic accuracy, aid in
prognostication, and inform clinical trial design. Although biomarkers are routinely used
in Alzheimer’s disease (AD),12 biomarker development has proven more challenging in
Parkinson’s disease (PD).3 Unlike amyloid-beta and tau in AD, no radioligand exists for
detection of alpha-synuclein, the hallmark pathological protein in PD, and cerebrospinal
fluid (CSF) levels of alpha-synuclein overlap between patients and controls.3 To date, no
specific blood or CSF biomarkers are used in the clinical diagnosis or management of PD.

In recent years, neurofilament light chain protein (NfL) has emerged as a promising
biomarker in multiple neurodegenerative diseases. NfL is a neuron-specific component of
the axonal cytoskeleton that can enter the extracellular space after axonal injury or death®5;
NfL has been quantified in plasma, serum, and CSF.” Though relatively non-specific, NfL
values from these compartments serve as candidate biomarkers for neuroaxonal damage.®

In idiopathic PD, studies of NfL as a biomarker are increasingly reported. For example,

NfL may distinguish between PD and atypical parkinsonian syndromes such as multiple
system atrophy (MSA), progressive supranuclear palsy (PSP), and corticobasal syndrome
(CBS), as the latter conditions are associated with greater degrees of axonal degeneration
and higher NfL levels.®-11 However, few large-scale studies have conducted longitudinal
analyses of both plasma and CSF NfL, and, to our knowledge, no prior studies have explored
the question of whether plasma NfL levels at a single time point predict longitudinal clinical
outcomes.
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Using a large single-center cohort, we aimed to determine whether levels of plasma and
CSF NfL (1) correlate with each other and differ across neurodegenerative diseases, (2)
correlate with levels of CSF total tau (t-tau) and amyloid-beta (Abeta4?2), (3) associate
cross-sectionally with Unified Parkinson’s Disease Rating Scale Part 111 (UPDRS-III) and
Mattis Dementia Rating Scale (DRS-2) scores in PD, and (4) predict longitudinal motor and
cognitive decline in PD.

Participants met formal criteria for the following diagnoses: memory-predominant mild
cognitive impairment (MCI); AD; primary progressive aphasia (PPA); behavioral variant
frontotemporal dementia (bvFTD); CBS; PSP; dementia with Lewy bodies (DLB); and
PD.12 All participants and healthy controls who provided one NfL sample from plasma,
CSF, or both sources were included in the initial analysis. PD participants in the cross-
sectional cohort had a UPDRS-111 score or DRS-2 score documented within 6 months of
NfL sample date, while those in the longitudinal cohort had two or more scores. The average
follow-up time was 4.60 (range 0.9-10.8) years from plasma sample date and 5.08 (range
0.3-12.1) years from CSF sample date. A cognitive diagnosis (cognitively normal, MCI,

or dementia) was determined based on baseline and annual/biannual neuropsychological
testing and expert clinical consensus!? using published diagnostic criteria.141° All analyses
were performed in R (http://www.r-project.org); tests were two-sided with an alpha of 0.05.
Detailed methods and R-scripts are included in the supplement (Appendix S2).

Patient Cohort

Six hundred and fifteen participants met inclusion criteria for the initial group analysis: 335
(55%) provided samples for NfL measurement from both plasma and CSF, 261 (42%) from
plasma alone, and 19 (3%) from CSF alone (Fig. 1A). Details for the plasma and CSF
cohorts are provided in (Table 1).

For PD participants, median plasma NfL (measured in 139 individuals) was 15.6 pg/mL,
and median CSF NfL (measured in 149 individuals) was 1024.0 pg/mL. Some 136/139 PD
patients providing plasma samples also provided CSF samples, and the demographics did
not differ between these groups. Of those providing a plasma sample, 94 were cognitively
normal, 34 had MCI, and eight had dementia at the time of sampling; for three individuals,
cognitive status was unknown. Median levodopa equivalent daily dose (LEDD) was 600 mg
(interquartile range [IQR] 300-890), median UPDRS-I11 was 19 (IQR 14-26), median raw
DRS-2-total score was 139.5 (IQR 135-141), and median age-adjusted DRS-2 score was
11 (IQR 9-13). Of those providing a CSF sample, 100 were cognitively normal, 39 had
MCI, and nine had dementia at the time of sampling; for one individual, cognitive status
was unknown. Median LEDD was 550 mg (IQR 325-813), median UPDRS-111 was 19 (IQR
14-26), median raw DRS-2-total score was 139 (IQR 135-142), and median age-adjusted
DRS-2 score was 11 (IQR 9-13).
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Plasma and CSF NfL Levels are Correlated Across Diagnhostic Groups

NfL levels for plasma and CSF correlated among all participants (Spearman r = 0.64, ClI
0.57-0.70, P< 0.001) (Fig. 1B). Comparing plasma NfL levels across diagnostic groups,
median levels were highest in participants with neurocognitive disorders, with significant
differences from neurologically normal controls found in five diagnostic groups (MCI P=
0.020, AD P<0.001, PPA P<0.001, bvFTD P=0.001, and PSP/ CBS P< 0.001, Fig. 1C).
Comparing CSF NfL levels across diagnostic groups, median levels were also highest in
participants with neurocognitive disorders, with significant differences from neurologically
normal controls found in five groups (AD P< 0.001, PPA £<0.001, bvFTD P< 0.001,
PSP/CBS P< 0.001, and PD P=0.036, Fig. 1D). Both plasma and CSF NfL values
increased significantly for participants across the neurologically normal control-MCI-AD
continuum (A2=29.62, P< 0.001 and A+2=27.26, P< 0.001, respectively) (Fig. 1C,D).

Plasma and CSF NfL Levels are Correlated With CSF t-Tau and Abeta42 Levels

In 95 participants who had plasma NfL and CSF biomarkers drawn simultaneously, plasma
NfL correlated with CSF t-tau (Spearman r = 0.39, CI 0.21-0.55, £< 0.001) and negatively
correlated with CSF Abetad42 (Spearman r =0.23, CI 0.04 to 0.41, A= 0.024) (Figure

S1). In 224 participants who had all CSF biomarkers drawn simultaneously, CSF NfL also
correlated with CSF t-tau (Spearman r = 0.36, Cl 0.23-0.47, £< 0.001) and negatively
correlated with Abeta42 (Spearman r =0.26, C1 0.14 to 0.37, £< 0.001) (Figure S1).

Plasma NfL Associates With UPDRS-IIl Score in PD

In a cross-sectional analysis of 152 PD patients, we examined associations between plasma
or CSF NfL and both motor (UPDRS-I1I) and cognitive (DRS-2) performance.

Using Spearman correlations, we found that both plasma and CSF NfL levels correlated
with baseline UPDRS-I11 score (Figure S2A,B), while neither plasma nor CSF NfL levels
correlated with baseline DRS-2 score (Figure S2C,D).

UPDRS-111 scores may be influenced by age, sex, disease duration, and LEDD, and DRS-2
scores may be influenced by age, sex, disease duration, and education, so we evaluated
associations between NfL measures and cognitive or motor performance in models adjusting
for these variables. We found that only the relationship between plasma NfL and UPDRS-III
remained significant (= 0.005).

Plasma and CSF NfL Values Predict Motor and Cognitive Decline in PD

We next asked whether NfL values obtained at a single time point could predict subsequent
motor or cognitive decline in PD, using linear mixed-effects models to evaluate longitudinal
data from 118 PD patients with plasma NfL measures and 145 PD patients with CSF NfL
measures.

Both plasma and CSF NfL measures predicted the subsequent rate of change in UPDRS-III
score (P=0.005 and £< 0.001, respectively) in models adjusted for age, sex, disease
duration, LEDD, and baseline UPDRS-I1I score. Greater age and higher NfL measures
associated with faster rate of motor decline.
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Similarly, both plasma and CSF NfL measures predicted the subsequent rate of change in
DRS-2 score (P=0.028 and £=0.001, respectively) in models adjusted for age, sex, disease
duration, education, and baseline DRS-2 score. Higher NfL measures associated with faster
rate of cognitive decline.

Plasma NfL Level Predicts Conversion to MCI or Dementiain PD

We finally asked whether NfL measures might predict clinically meaningful change in PD
for up to 8 years of follow-up.

An increase of five points on the UPDRS-111 has been reported as clinically relevant,16:17 so
we performed Cox proportional hazards analyses using this benchmark. In models adjusted
for age, sex, disease duration, LEDD, and baseline UPDRS-III, we found no significant
differences in this motor outcome comparing individuals across plasma or CSF NfL tertiles
(Figure S3).

In contrast, PD individuals with high initial plasma NfL values differed in subsequent
cognitive outcome: those in the highest NfL tertile were more likely to convert from normal
cognition to MCI or dementia, or MCI to dementia (HR 5.34, Cl 1.65-17.25, £=0.005)

in Cox proportional hazards model adjusted for age, sex, disease duration, education, and
baseline DRS-2 score (Fig. 1E,F). More conversion to MCI or dementia was also observed
in individuals with higher CSF NfL, but this association was not significant (HR 1.96, CI
0.82-4.70, P=0.13) (Fig. 1G,H).

Finally, we used receiver operating characteristic (ROC) curve analysis and Youden’s index
to identify the optimal cut-point for plasma NfL in predicting clinical conversion to MCI or
dementia. Among 94 participants with normal cognition at the time of plasma collection, the
area under the curve for conversion to MCI or dementia was 0.60 (CI 0.48-0.72) and the
optimal cut-point was 14.6 pg/mL (sensitivity 74.2%, specificity 54.0%) (Figure S4).

Discussion

We report Nfl measures in 615 individuals across the neurodegenerative disease spectrum,
finding that (1): levels of plasma and CSF NfL correlated with each other in all diseases

and were highest in neurocognitive disorders; (2) levels of plasma and CSF NfL correlated
with CSF t-tau and Abeta4?2 levels; (3) in PD, plasma NfL levels associated with UPDRS-I1I
scores, but not DRS-2 scores, after adjusting for covariates; (4) higher plasma and CSF NfL
measures predicted faster rate of change in UPDRS-I1I and DRS-2 scores longitudinally;
and (5) PD participants with higher initial plasma NfL values were more likely to convert to
MCI or dementia.

Our study confirms prior work demonstrating that NfL values are elevated in most
neurodegenerative conditions.818:19 We also confirm prior reports that CSF NfL levels
increase in a stepwise manner across the control-MCI-AD continuum.b Lastly, NfL levels
were significantly correlated with CSF t-tau and Abeta42 levels, suggesting that plasma-
based biomarkers may serve as a future proxy for CSF biomarkers in dementia risk
assessment.20
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In PD, we demonstrate that both plasma and CSF NfL levels at a single time point predicted
future rate of change in UPDRS-I11 and DRS-2 scores using linear mixed-effects models.
Importantly, we also found that PD individuals with plasma NfL values in the highest tertile
were five times more likely to convert to MCI or dementia during follow-up. This latter
result has not been previously reported in the literature. Specifically, comparator studies
have shown that (1) in the PPMI cohort, serum NfL measures increased in individuals over
time and doubling of serum NfL values associated with motor and cognitive decline;2!

(2) in the De Novo Parkinson Cohort (DeNoPa), higher CSF NfL levels predicted worse
MDS-UPDRS-I11 scores 4 years after initial PD diagnosis;22 (3) in a large single-center
study, CSF NfL measures correlated with motor impairment and cognitive dysfunction;23
and (4) in an 85-person subset of our Penn PD cohort, higher CSF NfL measured using

a different assay associated with greater change over time in DRS-2 scores.5 However, no
prior study has shown that blood-based NfL measures predict clinically significant cognitive
decline in PD.

Our study has limitations. First, our PD cohort had a median disease duration of 6 years at
biofluid sampling, so our study is not informative about NfL’s performance in earlier disease
stages. Second, clinical diagnoses were not confirmed by pathologic findings at autopsy

and may be susceptible to misclassification. Third, ROC analysis demonstrated only modest
performance for plasma NfL used alone to predict conversion from normal cognition to MCI
or dementia on an individual basis, suggesting that plasma NfL will need to be incorporated
in a multi-marker panel for more accurate prediction of clinical conversion.

These limitations notwithstanding, our study is the largest longitudinal cohort to examine
effects of both baseline plasma and CSF NfL values on UPDRS-I11 and DRS-2 scores over
time, expanding the existing literature. The value of our study lies not only in validating
prior findings, but also in showing that plasma NfL measures predict clinically meaningful
cognitive decline in PD. The ability to prognosticate based on a blood sample renders

NfL practical as a biomarker in many different settings. The fact that high plasma NfL
levels predict not just a change in test score, but a change in cognitive diagnosis, gives this
biomarker clinical significance, amplified by the large effect size.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

We thank our patients and their families for their generosity in contributing to this research. This research was
supported by the National Institutes of Health (NIH) (RO1 NS115139, U19 AG062418, P50 NS053488, P30
AG010124, K23 NS11416, T32 NS061779-12), and a Biomarkers Across Neurodegenerative Diseases (BAND)
grant from The Michael J. Fox Foundation/Alzheimer’s Association/Weston Institute. Alice Chen-Plotkin is
additionally supported by the Parker Family Chair.

Data Availability Statement

The data that support the findings of this study are available from the corresponding author upon reasonable
request.

Mov Disord. Author manuscript; available in PMC 2021 December 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Aamodt et al. Page 7

Funding Agencies: This research was supported by the National Institutes of Health (NIH) (RO1 NS115139,
U19 AG062418, P50 NS053488, P30 AG010124, K23 NS11416, T32 NS061779), and a Biomarkers Across
Neurodegenerative Diseases (BAND) grant from The Michael J. Fox Foundation/Alzheimer’s Association/Weston
Institute. Alice Chen-Plotkin is additionally supported by the Parker Family Chair.

Financial Disclosures for the Previous 12 Months

T.W. and J.S. report no disclosures. W.W.A. received funding support from the Edmond J. Safra Fellowship

in Movement Disorders and NIH (T32 NS061779-12) and receives an editorial stipend from Neurology. T.F.T.
receives funding support from the NIH (K23 NS11416-01A1). A.S. has received honoraria for consultancy from
Biogen, Voyager Therapeutics, Merck, and Denali; honoraria for data and safety monitoring from Wave Life
Sciences and Prilenia Therapeutics; and grant funding from The Michael J. Fox Foundation for Parkinson’s
Research and NINDS. D.W. has received research funding or support from The Michael J. Fox Foundation for
Parkinson’s Research, Alzheimer’s Therapeutic Research Initiative (ATRI), Alzheimer’s Disease Cooperative Study
(ADCS), and the International Parkinson and Movement Disorder Society (IPMDS); honoraria for consultancy
from Acadia, Aptinyx, Biogen, CHDI Foundation, Clintrex LLC, Enterin, F. Hoffmann-La Roche Ltd, Ferring,
Promentis, Signant Health, Sunovion, and Takeda; and license fee payments from the University of Pennsylvania
for the QUIP and QUIP-RS. M.G. receives support from NIA AG054519. D.I. is supported by NIH NINDS
(NS088341), Penn Institute on Aging, and NIA AG10124. D.A.W. received grant funding from Merck, Biogen,
Avid Radiopharmaceuticals, and Eli Lilly and personal fees from GE Healthcare, Merck, and Janssen. S.X.X.
receives funding support from the NIH (R01 NS102324, P30 AG10124, and U19 AG062418). J.Q.T. may accrue
revenue in the future on patents submitted by the University of Pennsylvania wherein he is a coinventor and
received revenue from the sale of Avid to Eli Lily as a coinventor on imaging-related patents submitted by the
University of Pennsylvania. L.M.S. receives research funding from NIH (U01 AG024904, R01 MH 098260, R01
AG 046171, 1RF AG 051550) and The Michael J. Fox Foundation for Parkinson’s Research; is a consultant

for Eli Lilly, Novartis, and Roche; and provides QC oversight for the Roche Elecsys immunoassay as part of
responsibilities for the ADNI study. A.S.C.-P. is supported by the NIH (P50 NS053488, UO1 NS097056, RO1
NS115139, U19 AG062418), the Alzheimer’s Association/The Michael J. Fox Foundation/Weston Brain Institute,
and the Parker Family Chair.

References

1. Olsson B, Lautner R, Andreasson U, et al. CSF and blood biomarkers for the diagnosis of
Alzheimer’s disease: a systematic review and meta-analysis. Lancet Neurol 2016;15(7):673-684.
[PubMed: 27068280]

2. Weiner MW, Veitch DP, Aisen PS, et al. Alzheimer’s disease neuroimaging initiative, recent
publications from the Alzheimer’s disease neuroimaging initiative: reviewing progress toward
improved AD clinical trials. Alzheimers Dement 2017;13(4):e1-e85. [PubMed: 28342697]

3. Tropea TF, Chen-Plotkin AS. Unlocking the mystery of biomarkers: a brief introduction, challenges
and opportunities in Parkinson disease. Parkinsonism Relat Disord 2018;46(Suppl 1):S15-S18.
[PubMed: 28793971]

4. Kang JH, Mollenhauer B, Coffey CS, et al. Parkinson’s progression marker initiative, CSF
biomarkers associated with disease heterogeneity in early Parkinson’s disease: the Parkinson’s
progression markers initiative study. Acta Neuropathol 2016;131:935-949. [PubMed: 27021906]

5. Gaiottino J, Norgren N, Dobson R, et al. Increased neurofilament light chain blood levels in
neurodegenerative neurological diseases. PLoS One 2013;8:e75091.

6. Olsson B, Portelius E, Cullen NC, et al. Association of cerebrospinal fluid neurofilament light
protein levels with cognition in patients with dementia, motor neuron disease, and movement
disorders. JAMA Neurol 2019;76(3):318-325. [PubMed: 30508027]

7. Petzold A. Neurofilament phosphoforms: surrogate markers for axonal injury, degeneration and loss.
J Neurol Sci 2005;233:183-198. [PubMed: 15896809]

8. Bridel C, van Wieringen WN, Zetterberg H, et al. Diagnostic value of cerebrospinal fluid
neurofilament light protein in neurology: a systematic review and meta-analysis. JAMA Neurol
2019;76(9):1035-1048. [PubMed: 31206160]

9. Hansson O, Janelidze S, Hall S, et al. Blood-based NfL: a biomarker for differential diagnosis of
parkinsonian disorder. Neurology 2017; 88(10):930-937. [PubMed: 28179466]

10. Lin YS, Lee WJ, Wang SJ, Fuh JL. Levels of plasma neurofilament light chain and cognitive

function in patients with Alzheimer or Parkinson disease. Sci Rep 2018;8(1):17368. [PubMed:
30478269]

Mov Disord. Author manuscript; available in PMC 2021 December 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Aamodt et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 8

Wang SY, Chen W, Xu W, et al. Neurofilament light chain in cerebrospinal fluid and blood as

a biomarker for neurodegenerative diseases: a systematic review and meta-analysis. J Alzheimers
Dis 2019;72(4):1353-1361. [PubMed: 31744001]

Toledo JB, Van Deerlin VM, Lee EB, et al. A platform for discovery: the University

of Pennsylvania Integrated Neurodegenerative Disease Biobank. Alzheimer’s Dement
2014;10(4):477-484. el.

Pigott K, Rick J, Xie SX, et al. Longitudinal study of normal cognition in Parkinson disease.
Neurology 2015;85(15):1276-1282. [PubMed: 26362285]

Litvan I, Goldman JG, Troster Al, et al. Diagnostic criteria for mild cognitive impairment in
Parkinson’s disease: Movement Disorder Society task force guidelines. Mov Disord 2012;27:349-
356. [PubMed: 22275317]

Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria for dementia associated with
Parkinson’s disease. Mov Disord 2007;22: 1689-1707. [PubMed: 17542011]

Shulman LM, Gruber-Baldini AL, Anderson KE, Fishman PS, Reich SG, Weiner WJ. The
clinically important difference on the unified Parkinson’s disease rating scale. Arch Neurol
2010;67(1): 64-70. [PubMed: 20065131]

Sanchez-Ferro A, Matarazzo M, Martinez-Martin P, et al. Minimalclinically important difference
for UPDRS-III in daily practice. Mov Disord Clin Pract 2018;5(4):448-450. [PubMed: 30838303]
Forgrave LM, Ma M, Best JR, DeMarco ML. The diagnostic performance of neurofilament light
chain in CSF and blood for Alzheimer’s disease, frontotemporal dementia, and amyotrophic lateral
sclerosis: a systematic review and meta-analysis. Alzheimers Dement (Amst) 2019;11:730-743.
[PubMed: 31909174]

Skillback T, Farahmand B, Bartlett JW, et al. CSF neurofilament light differs in neurodegenerative
diseases and predicts severity and survival. Neurology 2014;83(21):1945-1953. [PubMed:
25339208]

de Wolf F, Ghanbari M, Licher S, et al. Plasma tau, neurofilament light chain and amyloid-p levels
and risk of dementia; a populationbased cohort study. Brain 2020;143(4):1220-1232. [PubMed:
32206776]

Mollenhauer B, Dakna M, Kruse N, et al. Validation of serum neurofilament light chain as a
biomarker of Parkinson’s disease progression. Mov Disord 2020;35(11):1999-2008. [PubMed:
32798333]

Mollenhauer B, Zimmermann J, Sixel-Déring F, et al. Baseline predictors for progression 4 years
after Parkinson’s disease diagnosis in the De Novo Parkinson Cohort (DeNoPa). Mov Disord
2019;34(1):67-77. [PubMed: 30468694]

Lerche S, Wurster |, Rében B, et al. CSF NFL in a longitudinally assessed PD cohort: age effects
and cognitive trajectories. Mov Disord 2020;35(7):1138-1144. [PubMed: 32445500]

Mov Disord. Author manuscript; available in PMC 2021 December 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Aamodt et al.

R=0.64,p<22e-16
Plasma NfL CSF NfL 7500 o
| .
E
-
Q. 5000
z
261 335 19 =
8 2500
0
0 40 80 120
Plasma NfL pg/mL
p <0.001 . % .
—E‘ . 7500 .
- .
100 .
. « .« | |2 Do
] % Je " s 2. 5000 p <0.001 3 . %
= . U4 . = s 1
S s0 H . o* z L3 r
. ) . . 2 F .
£ 1 . E * - w " . & Y
H " e e o p: . » 2500 . . td . W o
L) g - . * o % Y © N f g
a b 3 ' ;f s * | l*
. : . . > ?’ ] n
0 0 .
S ¥ ¥ & & &P § © ¥ & © & 2 &
N & & &
<2 <2
Diagnosis Diagnosis
Progression to MCI or Dementia by Plasma NfL Tertiles Hazard Ratios
1.00 .
PlasmaNtLTortle b0, oecsnce W
Modum 270
= Nt ey
2 075 §
5 i
§. Sex Sy reterence ]
(4 H
g Moy e =
2 Plasma NfL pg/mL Tertile P " .
O 0.25 Low 1 . - m
s v = Medium \*‘\_ DissaseDuration  (N=120) (9,94 1.08) . 0847
— High —
0.00 0035
0 2 4 6
Time (Years)
Progression to MCI or Dementia by CSF NfL Tertiles Hazard Ratios
1.00 H
CSFNMLTertle 0¥, reference | ]
Modur b
= NS 0 ———
g 075 &
s sx FATHP  roterence "
3 i
£ % W sl ———
§ CSF NfL pg/mL Tertile ‘1‘5 Age Ne12: 3% 00 ] 0.07
= 025 Low DiesseOuwraton (W19 (063% 05 [ ] o8
== Medium .
— High Education 3% 00 . 8
0.00 Sasuina0RSage (4129 (75% 5 -
0 2 4 6 #Ew Rank): 0.00080569
AlC
Time (Years)

Page 9

Six hundred and fifteen participants provided one plasma and/or cerebrospinal fluid (CSF)
sample for neurofilament light chain protein (NfL) measurement. Three hundred and
thirty-five participants provided both CSF and plasma samples (A). Plasma and CSF
values of NfL are significantly correlated. Spearman correlation coefficient is shown (B).
When compared to neurologically normal controls, plasma NfL values were significantly
greater in participants with mild cognitive impairment (MCI), Alzheimer’s disease (AD),
primary progressive aphasia (PPA), behavioral variant frontotemporal dementia (bvFTD),

Mov Disord. Author manuscript; available in PMC 2021 December 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Aamodt et al.

Page 10

and progressive supranuclear palsy/corticobasal syndrome (PSP/CBS) (tauopathy), denoted
by asterisks. Plasma NfL values also increased across the controlMCIAD continuum
(KruskalWallis H test Pvalue shown above bracket) (C). CSF NfL values were significantly
greater in participants with AD, PPA, bvFTD, PSP/CBS (tauopathy), and PD, denoted

by asterisks. CSF NfL values also increased across the controlMCIAD continuum
(KruskalWallis H test P value shown above bracket) (D). Cox proportional hazards analysis
investigating differences in rates of clinical conversion from normal cognition to MCI or
dementia, or MCI to dementia, stratified by NfL level at baseline. Adjusted Cox regression
curves show predicted trajectories by NfL tertile (E, G). Forest plots depict hazard ratios and
95% confidence intervals for groups defined by each predictor (F, H). PD participants in the
highest plasma NfL tertile were 5.34 times more likely to convert to MCI or dementia.
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