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ABSTRACT: Background: Neurofilament light chain is
a marker of axonal damage and is of interest as a biofluid
biomarker for PD. The objective of this study was to
investigate whether CSF or serum neurofilament contrib-
utes to a combination of CSF biomarkers in defining the
optimal biomarker panel for discriminating PD patients
from healthy controls. In addition, we aimed to assess
whether CSF and/or serum neurofilament levels are
associated with clinical measures of disease severity.
Methods: We measured neurofilament light chain levels
in CSF and/or serum of 139 PD patients and 52 age-
matched healthy controls. We used stepwise logistic
regression analyses to test whether neurofilament con-
tributes to a biomarker CSF panel including total, oligo-
meric, and phosphorylated α-synuclein and Alzheimer’s
disease biomarkers. Measures of disease severity
included disease duration, UPDRS-III, Hoehn & Yahr
stage, and MMSE.
Results: After correcting for age, CSF neurofilament
levels were 42% higher in PD patients compared with
controls (P < 0.01), whereas serum neurofilament levels

were 37% higher (P = 0.08). Combining CSF neurofilament,
phosphorylated-/total α-synuclein, and oligomeric-/total
α-synuclein yielded the best-fitting model for discriminating
PD patients from controls (area under the curve 0.92). The
discriminatory potential of serum neurofilament in the CSF
biomarker panel was similar (area under the curve 0.90).
Higher serum neurofilament was associated with a lower
MMSE score. There were no other associations between
CSF and/or serum neurofilament levels and clinical disease
severity.
Conclusions: CSF neurofilament contributes to a panel
of CSF α-synuclein species in differentiating PD patients
from healthy controls. Serum neurofilament may have
added value to a biofluid biomarker panel for differentiat-
ing PD patients from controls. © 2019 The Authors.
Movement Disorders published by Wiley Periodicals, Inc.
on behalf of International Parkinson and Movement Dis-
order Society.
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In the past decade, a multitude of biomarker candi-
dates for diagnosis of Parkinson’s disease (PD) have
been brought forward and tested in various cohorts.1-5

In the search for CSF biomarkers to differentiate PD
patients from controls, levels of single CSF biomarkers
show considerable overlap between PD patients and
controls.1-5 For instance, although CSF α-synuclein
(α-syn) levels are reduced in PD patients compared with
healthy controls, sensitivity and specificity are insuffi-
cient to discriminate between PD and controls in indi-
vidual subjects.6 Because PD is a multifactorial disease,
a panel of biomarkers reflecting the various pathologi-
cal processes of PD may perform better in the discrimi-
nation between PD patients and controls.7 We have
previously shown that differentiation between PD
patients and controls can be improved by combining
CSF α-syn species with Alzheimer’s disease (AD) CSF
biomarkers.5,8 Additional CSF or serum biomarkers
reflecting other neuropathological processes in PD may
further increase the discriminatory potential of this
panel. One promising candidate is neurofilament light
chain (NfL).
Neurofilament proteins are major components of the

neuronal cytoskeleton and are particularly abundant in
axons.9 Neurofilaments are composed of 4 subunits:
light, medium, and heavy chains and α-internexin.9 NfL
is considered a marker of axonal damage in a variety of
acute and chronic neurological diseases.10 Human post-
mortem brain studies have shown that axonal degenera-
tion is a prominent feature in early-stage PD and that
NfL may be involved in Lewy body formation.11-13

Whether CSF NfL can contribute to a diagnostic panel
of biomarkers for PD is yet to be determined.
Because blood collection is less invasive and blood has

greater accessibility than CSF, it is of interest to investigate
whether serumNfL can replace CSF NfL in differentiating
PD patients from controls. Since the development of the
serum NfL test on the ultrasensitive single molecule analy-
sis (Simoa) technology,14 2 previous studies analyzed
blood NfL in PD patients using Simoa.15,16 Both studies
found higher levels of blood NfL in patients with atypical
parkinsonism (APD) compared with PD patients and con-
trols with a high diagnostic accuracy (area under the curve
[AUC] up to 0.91); however, comparison of serum NfL
levels in PD patients with healthy controls showed con-
flicting results.15,16 More biomarker studies in well-
characterized cohorts are needed to evaluate the potential
diagnostic value of bloodNfL in PD.
The aim of this study was therefore to investigate

whether CSF or serum NfL contributes to a combination
of CSF PD and AD biomarkers to discriminate PD
patients from healthy control subjects. We included CSF
and/or serum of a cross-sectional cohort consisting of
139 PD patients and 52 age-matched healthy controls.3

From this cohort the following CSF biomarkers were pre-
viously investigated: CSF total α-syn (t-α-syn), oligomeric

α-syn (o-α-syn), phosphorylated α-syn (p-α-syn), total
tau (t-tau), phosphorylated tau (p-tau), and amyloid-β42
(Aβ42).5,8 We first tested whether CSF and/or serum NfL
can differentiate PD patients from controls as single bio-
markers. Next, we included CSF NfL to the panel of CSF
biomarkers and determined the best-fitting panel to dis-
criminate PD patients from healthy controls. We tested
whether serum NfL correlates with CSF NfL in our
cohort and whether serum NfL can replace CSF NfL in
discriminating PD patients from controls in the panel of
biomarkers. Furthermore, we assessed the association
between CSF and/or serum NfL and clinical measures of
disease severity in PD.

Methods

The study population included a cross-sectional cohort
of 139 patients with PD recruited from the movement dis-
orders outpatient clinic of the Amsterdam UMC, location
VUmc, between 2008 and 2011 and 52 healthy controls
(for details, see VanDijk et al).3 Briefly, all PD patients ful-
filled the United Kingdom ParkinsonDisease Society Brain
Bank clinical diagnostic criteria.17 PD diagnoses were not
pathologically confirmed. The self-declared healthy con-
trols were recruited through an advertisement and were
excluded if they had a history of neurological disorders or
abnormal findings at general neurological examination.
Dementia was excluded using the Cambridge Cognitive
Examination scale.18 Disease duration was defined as the
period starting from the first subjective motor symptoms
until the time of CSF or blood sampling. Severity of par-
kinsonism and disease stage in the “on” state were rated
using the Unified Parkinson Disease Rating Scale part III
(UPDRS-III)19 and the modified Hoehn and Yahr
(HY) classification,20 respectively. From the 139 PD
patients, 76 patients had early-stage disease, that is, dis-
ease duration ≤5 years and HY stage <3. Global cognitive
function was evaluated using the Mini-Mental State
Examination (MMSE). The study was approved by the
local ethics committee of the VU University Medical Cen-
ter, and written informed consent for use of clinical data
and biomaterial for scientific research purposes was
obtained from all participants.

Serum and Cerebrospinal Fluid Samples
CSF was obtained by lumbar puncture at the level of

L3–L4 or L4–L5 and collected in polypropylene collec-
tion tubes. Cerebrospinal fluid (CSF) was routinely
assayed for cell counts, centrifuged at 1800g at 4�C for
10 minutes, and aliquoted and stored at -80�C within
2 hours, in line with published guidelines.21 Serum was
collected directly before or after lumbar puncture, cen-
trifuged at 1800g at 4�C for 10 minutes, and aliquoted
and stored at -80�C within 2 hours. Concentrations of
CSF t-tau, p-tau, Aβ42, t-α-syn, o-α-syn, and p-α-syn in
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CSF were measured using enyzyme-link immunosorbent
assay (ELISA), as published elsewhere.3,5

Biomarker Analyses
Serum NfL

Serum NfL concentrations were measured using an in-
house validated 2-step automatedHomebrew Simoa assay,
as previously described.14,22 In short, the 0.3 mg/mL
monoclonal NF-Light capture antibody (Anti NF-L mAb
47:3; UmanDiagnostics, Umeå, Sweden) was coupled to
paramagnetic carboxylated beads (Quanterix, Lexington,
MA) that were activated with 0.3 mg/mL 1-ethyl-3-[3-
dimethylaminopropyl]carbodiimide hydrochloride (Thermo
Scientific, Rockford, IL). In step 1, 25 μL of 500K assay
beads diluted in assay diluent (TBS with 1% milk, 0.1%
Tween20; Dako, Santa Clara, CA) and 300 μg/mL of TRU
block (Meridian Life Sciences, Memphis, TN) were incu-
bated for 35 minutes and 15 seconds with 20 μL of 0.3 μg/
mL biotinylated detector NF-Light antibody (Anti NF-L
mAb 2:1;, UmanDiagnostics, Umeå, Sweden) and 100 μL of
calibrator or 4 times on-board diluted sample (sample dilu-
ent: TBS, 1% milk, 0.1% Tween, and 400 mg/mL TRU
block). After washing, a 5-minute, 15-second incubation
with 100 μL of 150 pM streptavidin-conjugated
β-galactosidase (Quanterix, Lexington, MA) followed. After
a next wash, 25 μL of Resorufin β-D-galactopyranoside
(Quanterix, Lexington, MA) was added, and beads were
pulled onto the imaging disc, followed by time-lapsed fluo-
rescent imaging. The calibration curvewas constructed using
purified bovine NF-L (lyophilized; UmanDiagnostics, Umeå,
Sweden) diluted in assay diluent. The assay had a lower limit
of qunatitation of 1.54 pg/mL. The mean intra-assay coeffi-
cients of variation (duplicate measurements) was
6.43% � 5.0%.

CSF NfL

CSF NfL concentrations were measured using a com-
mercial ELISA kit (NF-light; UmanDiagnostics, Umeå,
Sweden),23 according to manufacturer’s instructions.
Samples were analyzed in duplicates. The mean intra-
assay coefficient of variation was 2.21% � 2.1%.
All biochemical analyses were performed by staff

blinded to the clinical diagnoses.

Statistical Analysis
To compare sex and age between PD patients and con-

trols, we used the chi-square test and Student t test respec-
tively. For comparisons of CSF and serum biomarker
levels between groups, we used general linear models
(analysis of covariance) and included age as a cofactor,
because previous studies observed a significant correlation
between CSF and blood NfL levels and age.15,16,24-26 We
performed natural logarithmic (LN) transformation of all
CSF and serum biomarker levels to obtain a normal

distribution. To determine the optimal differentiating bio-
marker panel, we performed a binary logistic regression
analysis. A panel of CSF NfL, classical AD biomarkers,
that is, Aβ42, p-tau, and CSF α-syn species, that is, p-
α-syn/t-α-syn ratio and o-α-syn/t-α-syn ratio, were tested
to find the best-fitting model in a forward stepwise logistic
regression analysis. Owing to colinearity between CSF
biomarkers, t-tau and t-α-syn were not included in the
model. We tested the correlation between LN CSF NfL
and LN serum NfL with Pearson correlation. To analyze
whether serumNfL can replace CSFNfL in discriminating
PD patients from controls, we replaced the variable CSF
NfL in serum NfL in the binary logistic regression model.
Age did not affect the logistic regression model and was
therefore not included. The diagnostic accuracy of the
best-fitting model of biomarkers was calculated based on
the area under the curve (AUC) of the receiver operating
characteristic curve. Cut-off values were calculated using
Youden’s index, which maximizes the sum of sensitivity
and specificity. To assess the associations between the NfL
levels and clinical characteristics (disease duration,
UPDRS-III, HY, MMSE) multivariate regression models
were used, adjusted for age. Statistical significance was set
at P < 0.05. Statistical analysis was performed using
Graph-Pad Prism (version 7) and SPSS software (v. 22,
SPSS Inc., Chicago, IL).

Results
Demographics and CSF Biomarker Levels

In the present study, CSF and serum biomarker levels of
139 PD patients and 52 controls were included. Demo-
graphic and clinical characteristics and CSF and serum
biomarker levels of the diagnostic groups are presented in
Table 1. PD patients and controls were matched for age,
but not for sex. Median disease duration was 4 years, and
the majority of patients (78%) had a Hoehn&Yahr stage
below 3. Median UPDRS-III score was 24, and median
MMSE score was 28 (Table 1). As reported previously,
CSF t-α-syn level was 19% lower in PD patients compared
with age-matched controls (P < 0.001), whereas p-α-syn
and o-α-syn levels were increased in PD (18%, P = 0.01;
and 113%, P < 0.001, respectively). Also, p-α-syn/t-α-syn
and o-α-syn/t-α-syn ratios were increased in PD compared
with controls (39%, P < 0.001; and 173%, P < 0.001,
respectively; Table 1). No difference in CSF Aβ42, t-tau,
or p-tau concentrations between PD patients and controls
was found (P = 0.25, P = 0.54, and P = 0.54, respectively;
Table 1).3,5

CSF and Serum NfL Values in PD Patients
and Controls

The median level of CSF NfL was 866 pg/mL in PD
patients compared with 612 pg/mL in controls (42%
higher in PD, P < 0.001; Table 1). Median serumNfL was
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18.7 pg/mL in PD patients compared with 13.7 pg/mL in
controls (increase of 37% in PD, P = 0.005; Table 1). We
observed an overlap in NfL levels between PD patients
and controls in both CSF (PD: range, 307–4948 pg/mL;
controls: range, 235–6607 pg/mL) and serum (PD: range,
“not detectable” to 107.1 pg/mL; controls: range,
0.8–45.3 pg/mL; Fig. 1).
CSF NfL level correlated with age in both groups

(PD: r = 0.43, P = 0.005; controls: r = 0.57, P < 0.001),
as did serum NfL (PD: r = 0.49, P < 0.001; controls:
r = 0.45, P = 0.002; Supplemental Fig. S1). After con-
trolling for the effect of age, CSF NfL level was higher
in PD patients compared with controls (P < 0.01).
Serum NfL level showed a trend for discrimination
between the groups (P = 0.08; Fig. 1). In both PD
patients and controls, CSF NfL correlated with serum
NfL level (PD: r = 0.43, P = 0.006; controls: r = 0.50,
P = 0.001; Fig. 2).

Additional Value of CSF and Serum NfL in a
Panel of CSF Biomarkers

Binary logistic regression analysis of CSF NfL and
serum NfL as single biomarkers revealed an AUC of
0.73 for CSF NfL, with a sensitivity and specificity of
68% and 71%, respectively, at a cut-off value of
738 pg/mL, and an AUC of 0.64 for serum NfL, with a
sensitivity and specificity of 61% and 68%, respec-
tively, at a cut-off value of 15.6 pg/mL (Table 2 and
Supplemental Fig. S2).
In our previously published panel5 (consisting of CSF

Aβ42, p-tau, p-α-syn/t-α-syn ratio, and o-α-syn/t-α-syn
ratio), the combination of p-tau, p-α-syn/t-α-syn, and

o-α-syn/t-α-syn yielded the best-fitting model, with a
sensitivity of 74% and a specificity of 85% (AUC,
0.89; Table 2 and Supplemental Fig. S2). Now adding

TABLE 1. Demographics and cerebrospinal fluid and serum values of Parkinson’s disease patients and healthy controls

Controls Parkinson’s disease patients P

Variable n n
Number of men (%) 52 19 (36.5%) 139 89 (64%) 0.001a

Age (years) 52 63 � 8.6; 35-82 139 64 � 9.7; 36-86 0.29b

Disease duration (years) 139 4 (2-10) NA
Hoehn and Yahr stage (number per
stage 1/1.5/2/2.5/3/4/5)

138 14 / 11 / 47 / 36 / 22 / 4 / 4 NA

UPDRS III score 138 24 (16-33) NA
MMSE score 135 28 (27-29) NA
CSF total α-synuclein (ng/mL) 46 1.6 (1.4-2.3) 46 1.3 (1.2-1.6) < 0.001c

CSF p-α-synuclein (pg/mL) 46 225 (185-279) 45 265 (208-296) 0.01c

CSF o-α-synuclein (pg/mL) 46 56.5 (32.1-98.9) 44 120.1 (78.9-169.9) < 0.001c

CSF p-α-synuclein/t-α-synuclein (%) 46 13.6 (9.1-18.6) 45 18.9 (15.7-23.9) < 0.001c

CSF o-α-synuclein/t-α-synuclein (%) 46 3.3 (1.9-5.5) 44 9.0 (5.4-12.7) < 0.001c

CSF amyloid-β42 (ng/L) 49 994 (863-1121) 58 967 (794-1077) 0.25c

CSF total tau (ng/L) 49 229 (163-268) 58 190 (158-274) 0.54c

CSF p-tau (ng/L) 49 41.0 (28.0-48.0) 58 39.5 (28.8-51.3) 0.54c

CSF NfL (pg/mL) 45 612 (517-848) 41 866 (709-1101) 0.002c

serum NfL (pg/mL) 47 13.7 (9.3-19.7) 138 18.7 (12.1-30.8) 0.08c

CSF, cerebrospinal fluid; UPDRS-III, Unified Parkinson’s Disease Rating Scale part III; MMSE, Mini-Mental State Examination; NfL, neurofilament light chain.
Data are mean � SD and range or median and interquartile range unless specified otherwise.
aChi-square test.
bStudent t test.
cGeneral linear model with age as cofactor.

FIG. 1. Scatter plots of neurofilament light chain concentrations of
healthy controls (HC) and patients with Parkinson disease (PD). Neu-
rofilament light chain concentrations in (A) cerebrospinal fluid (CSF) and
(B) serum. Plot bars correspond to median concentrations. p values are
from general linear models adjusting for age. * p = 0.08; ** p < 0.01
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CSF NfL to the model, the best differentiating panel was
formed by the combination of CSF NfL, p-α-syn/t-α-syn
ratio, and o-α-syn/t-α-syn ratio, and the discriminatory
potential improved on visual inspection to a sensitivity of
85% and a specificity of 86% (AUC, 0.92; P < 0.001). The
inclusion of serum instead of CSF NfL in the panel revealed
a best differentiating panel consisting of serum NfL, p-
α-syn/t-α-syn ratio, and o-α-syn/t-α-syn ratio, which yielded
a sensitivity of 91% and a specificity of 81% (AUC, 0.90;
P < 0.001; Table 2 and Supplementary Fig. S2). The combi-
nation of p-α-syn/t-α-syn and o-α-syn/t-α-syn without NfL

revealed an AUC of 0.88 with a sensitivity of 84% and a
specificity of 80% (Table 2 and Supplementary Fig. S2).

Association Between CSF and Serum NfL and
Clinical Measures of Disease Severity in PD
Regression analysis adjusted for age showed an

inverse association of serum NfL level with MMSE
score (range, 7–30 points; sβ = -0.193; P = 0.02). In
CSF, NfL level was not associated with MMSE score
(sβ = 0.009, P = 0.95). We found no association of CSF
or serum NfL level with disease duration, UPDRS-III,
and HY (Table 3).

Discussion

In this study, we aimed to investigate whether CSF or
serum NfL contributes to a combination of CSF PD
and AD biomarkers in defining the optimal biomarker
panel for discriminating PD patients from healthy con-
trols. By adding CSF NfL to measurements of CSF
Aβ42, p-tau, p-α-syn/t-α-syn ratio, and o-α-syn/t-α-syn
ratio, the best discriminating panel was formed by com-
bining CSF NfL levels with CSF measurements of α-syn
species. The discriminatory potential of this panel
reached a sensitivity of 85% and specificity of 86%
(AUC 0.92). When using serum NfL instead of CSF
NfL together with α-syn species, a similar discrimina-
tive potential of 90% was obtained. Our results suggest
that CSF and serum NfL levels in combination with
CSF α-synuclein species may serve as a biomarker panel

TABLE 2. Relations of CSF and serum neurofilament light-chain levels with disease characteristics in Parkinson’s
disease patients

Disease duration (years) UPDRS-III score Hoehn and Yahr stage MMSE score

CSF NfL (pg/mL) -0.007 0.076 0.040 0.009
Serum NfL pg/mL) 0.067 0.000 0.046 -0.193a

CSF, cerebrospinal fluid; NfL, neurofilament light chain; UPDRS-III, Unified Parkinson Disease Rating Scale part III; MMSE, Mini-Mental State Examination.
Data are β coefficients from linear regression models, adjusted for age.
aP = 0.02.

FIG. 2. Scatter plot showing the correlations (Pearson) between paired
cerebrospinal fluid and serum neurofilament light chain levels. Dashed
line indicates a correlation in the healthy control group (r = 0.50,
p = 0.001) and solid line indicates a correlation in the Parkinson disease
group (r = 0.43, p = 0.006). Abbreviations: CSF, cerebrospinal fluid; HC,
healthy controls; LN, natural log; PD, Parkinson disease

TABLE 3. Discriminatory value of neurofilament light in cerebrospinal fluid and serum as a single biomarker and as
part of a panel of CSF biomarkers

Predictor AUC (95% CI) Sensitivity Specificity P

CSF NfL 0.73 (0.62–0.84) 68% 71% < 0.001
Serum NfL 0.64 (0.55–0.73) 61% 68% 0.005
CSF p-/t-α-syn and CSF o-/t-α-syn 0.88 (0.80–0.95) 84% 80% < 0.001
CSF p-tau and CSF p-/t-α-syn and CSF o-/t-α-syn 0.89 (0.82–0.95) 74% 85% < 0.001
CSF NfL and CSF p-/t-α-syn and CSF o-/t-α-syn 0.92 (0.86–0.98) 85% 86% < 0.001
Serum NfL and CSF p-/t-α-syn and CSF o-/t-α-syn 0.90 (0.83–0.97) 91% 81% < 0.001

AUC, area under the curve; CSF, cerebrospinal fluid; NfL, neurofilament light chain; p-tau, phosphorylated tau; p-/t-α-syn, phosphorylated α-synuclein/total
α-synuclein ratio; o-/t-α-syn, oligomeric α-synuclein/total α-synuclein ratio.
Logistic regression analysis of CSF and serum neurofilament light chain and other CSF PD biomarkers between Parkinson’s disease patients and healthy
controls.
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for discrimination of PD patients compared with
controls.
This study demonstrated that CSF NfL levels are

42% higher in PD patients compared with healthy con-
trols. Because NfL is abundant in axons, increased NfL
in CSF may indicate ongoing axonal damage.9 CSF
NfL level is increased in a variety of acute and chronic
neurological diseases, such as multiple sclerosis, trau-
matic brain injury, and amyotrophic lateral sclerosis,
compared with controls.10,27-29 In multiple sclerosis, a
human postmortem study related axonal degeneration
to neurofilament.30 Previous studies linking CSF NfL to
diffusion tensor imaging (DTI) measures of white-
matter microstructure in patients with amyotrophic
lateral sclerosis and in older individuals with mild cog-
nitive impairment support the assumption that NfL
level reflects axonal injury or loss.31,32 In PD, human
postmortem or DTI studies linking NfL to axonal
degeneration are lacking; however, our findings of ele-
vated NfL levels in PD may suggest that CSF NfL
reflects the axonal pathology in PD.
We demonstrated a positive correlation between CSF

NfL and serum NfL concentrations in both PD patients
and controls, which may indicate that serum NfL could
replace CSF NfL in the biomarker panel. This correla-
tion was previously described in several other studies
on NfL in a variety of neurological diseases14,25,28,33-35

and suggests that CSF NfL and serum NfL reflect simi-
lar pathogenic mechanisms. Nonetheless, one should
acknowledge the possibility that serum NfL might also
reflect axonal injury in the peripheral nervous system,
as suggested by findings from the study of Mariotto
et al.36

In both PD patients and healthy controls, we found
that CSF and serum NfL levels correlated strongly with
age, which suggests that some degree of axonal degen-
eration is associated with aging or that CSF clearance
decreases with aging.10,29 After adjusting for age, CSF
NfL level was significantly higher in PD patients,
whereas serum NfL level showed a trend toward higher
levels in PD. Results of prior studies comparing CSF
NfL levels between PD patients and healthy controls
have been inconsistent.16,37-39 In 2 previous studies,
CSF NfL levels were found increased in PD patients
compared with healthy controls,38,39 whereas multiple
other studies did not find a difference.16,37,40,41 Serum
NfL was found to be increased in PD patients com-
pared with controls in 1 cohort,16 whereas in 2 other
PD cohorts no difference in serum NfL level was
observed.15,16 Potential explanations for lack of differ-
ences in the previous studies comparing CSF NfL levels
between PD and controls include small sample size and
thus a possiblly underpowered study40 and differences
in the choice of the control group.41 Whereas in our
study healthy controls were included (ie, controls with-
out a history of neurological disorders or abnormal

findings in general neurological examination), inclusion
of controls with subjective neurological symptoms in a
previous study might have resulted in the observation
of no difference in CSF NfL levels compared with PD
patients.41 In addition, an increase in CSF NfL level
with aging may explain the lack of a difference in CSF
NfL levels between PD patients and controls in another
study.37

Although we were able to demonstrate higher levels of
CSF and serum NfL in PD patients, we observed a large
overlap in the range of NfL concentrations between the
groups. Thus, our findings confirm that single CSF or
serum NfL measurements do not suffice to differentiate
PD patients from controls. However, as we hypothe-
sized, by using a panel of biomarkers including CSF
NfL, we were able to raise the sensitivity in differentiat-
ing between PD patients and controls from 74% to 85%
and the specificity from 85% to 86%. Our results of
improved discriminatory potential using a biomarker
panel confirm previous observations that the combina-
tion of CSF NfL with other CSF biomarkers could differ-
entiate PD patients from healthy controls more
accurately than the single CSF biomarkers.38

Our results suggest that a higher serum NfL level was
associated with lower MMSE score, a clinical measure
of global cognitive function in PD. The nonsignificant
association of CSF NfL level with MMSE score was
most likely because of a lack of power, as the group of
included PD patients with CSF NfL was smaller
(n = 41) than the group of PD patients with serum NfL
(n = 138). We did not observe associations between
CSF or serum NfL with UPDRS-III, HY stage, or dis-
ease duration. These results suggest that an increase in
NfL level may be more pronounced with abundant
pathological changes with axonal degeneration in corti-
cal brain areas, such as occurs in PD dementia.42,43 The
association of NfL with MMSE score is in concordance
with previous studies on other dementia disorders
including AD, frontotemporal dementia, and vascular
dementia.26,38,39,44,45

A strength of this study is that we investigated the
discriminatory potential of serum NfL using an
ultrasensitive assay in a well-characterized cohort of PD
patients. By combining multiple fluid biomarkers
reflecting different pathological mechanisms in PD, that
is, α-syn aggregation and axonal degeneration, high
diagnostic accuracy was achieved. However, a limita-
tion of the panel used is that other CSF biomarkers are
still needed to increase sensitivity and specificity, thus
still necessitating a lumbar puncture. A panel solely
consisting of serum biomarkers would be ideal and
could be within reach because several other serum bio-
markers such as α-syn species are currently being inves-
tigated.46-50 Another limitation is the lack of inclusion
of patients with APD. As mentioned in the beginning of
this article, CSF and serum NfL has been shown to
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discriminate PD from APD,15,16 and it would be of clin-
ical benefit to investigate whether the combination of
CSF NfL and CSF α-syn species could improve the
accuracy in differentiating PD form APD compared
with CSF NfL alone.
In conclusion, our results suggest that CSF NfL con-

tributes to a biomarker panel of CSF α-syn species in
discriminating PD patients from healthy controls. Fur-
thermore, we found a correlation of serum NfL with
CSF NfL and with clinical measures of cognitive perfor-
mance in PD patients. As such, serum NfL may be of
interest to test in a blood biomarker panel for differen-
tiating PD patients from controls.
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