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Abstract

Blood neurofilament light chain (NfL) is an easily accessible, highly sensitive and reliable biomarker for neuroaxonal dam-
age. Currently, its role in Parkinson’s disease (PD) remains unclear. Here, we demonstrate that blood NfL can distinguish
idiopathic PD from atypical parkinsonian syndromes (APS) with high sensitivity and specificity. In cross-sectional studies,
some found significant correlations between blood NfLL with motor and cognitive function, whereas others did not. In contrast,
prospective studies reported very consistent associations between baseline blood NfLL with motor progression and cognitive
worsening. Amongst PD subtypes, especially postural instability and gait disorder (PIGD) subtype, symptoms and scores
are reliably linked with blood NfL. Different non-motor PD comorbidities have also been associated with high blood NfL
levels suggesting that the neuroaxonal damage of the autonomic nervous system as well as serotonergic, cholinergic and
noradrenergic neurons is quantifiable. Numerous absolute NfL cutoff levels have been suggested in different cohort studies;
however, validation across cohorts remains weak. However, age-adjusted percentiles and intra-individual blood NfL changes
might represent more valid and consistent parameters compared with absolute NfL concentrations. In summary, blood NfL.
has the potential as biomarker in PD patients to be used in clinical practice for prediction of disease severity and especially
progression.
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Abbreviations Introduction

H&Y Hoehn and Yahr

LEDD L-DOPA equivalent daily dose In Parkinson’s disease (PD), various imaging-, tissue- and

NfL Neurofilament light chain fluid-based biomarkers are currently under investigation

NT-proBNP N-Terminal pro B-type natriuretic peptide as surrogate markers for diagnostic, screening, prognos-

PD Parkinson’s disease tic, therapeutic or treatment-monitoring aspects (Tonges

MOCA Montreal cognitive assessment et al. 2022). Amongst these, blood-based biomarkers are

MDS-UPDRS Movement Disorders Society—Unified easily accessible, quantifiable and objective parameters
Parkinson’s disease rating scale with potential benefit especially for use in clinical practice.

Importantly, a blood-based biomarker for PD pathology
should (1) adequately reflect changes in the central nerv-
ous system, (2) accurately quantify neuronal damage and
(3) closely link with well-established clinical and diagnostic
methods. Accumulating evidence reveal that neurofilament
light chain (NfL) fulfils these requirements. First, NfL in
B4 Chi-un Choe cerebrospinal fluid (CSF) and blood strongly and consist-

¢.choe@KH-Itzehoe.de ently correlates with each other (Disanto et al. 2017; Hans-
son et al. 2017; Marques et al. 2019). Second, blood NfL.
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Ye et al. 2021). Therefore, blood NfL has been described as
promising surrogate parameter for several important clinical
questions, such as marker for disease severity and an indica-
tor for disease duration of PD subtypes (Hansson et al. 2017;
Khalil et al. 2018; Lin et al. 2019; Mollenhauer et al. 2020;
Ng et al. 2020). However, it is important to note that NfLL
levels reflect a quantifiable neuronal damage at a certain
time point (i.e. rate of progression), but does not allow quan-
tification of a cumulative damage over a time period. There-
fore, recent studies suggest that blood NfL predicts motor
and cognitive decline in PD patients, which lays ground for
an individualized prognosis and treatments of PD patients
(Lin et al. 2019; Niemann et al. 2021). Furthermore, due to
different blood levels in various neurodegenerative parkin-
sonian syndromes, NfLL might serve as biomarker to distin-
guish between atypical parkinsonian syndromes (APS) and
PD, even in early stages of APS, when clinical symptoms
are yet inconclusive (Hansson et al. 2017; Marques et al.
2019). In this review, we provide an overview of studies on
blood NfL as a biomarker for different questions in PD and
the potential benefit of using blood NfL in clinical practice.

Blood NfL in Parkinson’s disease

While some studies indicate that blood NfL levels are
higher in PD patients compared with healthy controls (Chen
et al. 2020; Hansson et al. 2017; Lin et al. 2019; Ma et al.
2021), others do not (Lin et al. 2018; Marques et al. 2019).
More recent studies distinguishing PD patients according
to disease duration and stage indicate that more advanced
PD patients have higher blood NfL levels compared to PD
patients in early disease stages (Lin et al. 2019; Niemann
et al. 2021). A meta-analysis showed no differences in blood
NfL in PD patients if not stratified by disease severity com-
pared to controls (Wang et al. 2019). While recently blood
NfL concentrations at baseline and at follow-up (mean of
6.4 years) were found to be higher in de novo PD patients
compared to controls (Ma et al. 2021), others did not find a
difference for earlier PD disease stages (means for age, H&Y
and disease duration: 57 years/2.0/34 months) (Marques
et al. 2019). In another study, only in advanced PD patients
(65 years/2.5/9.7 years), but not in a less severely affected
group of comparable age (65 years/1.9/5.3 years), NfL blood
levels were higher compared to controls (Hansson et al.
2017). For advanced PD patients (68.5 years/3.1/7.8 years), a
plasma NfL cutoff value of 12.34 pg/mL has been suggested
to have a modest sensitivity (53.2%) and a high specificity
(90.5%) for distinguishing between patients and controls
(Lin et al. 2019). Probably, the detection of an increased
absolute NfL concentration is difficult in early PD due to
various confounding factors, such as age, hypertension,
diabetes. Furthermore, disease progression in PD is much
slower as compared to APS or amyotrophic lateral sclerosis
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and is, therefore, more difficult to quantify. Increased age
and the presence of cardiovascular risk factors are associated
with higher blood NfL levels, whereas an increased BMI
seems to lower NfL concentrations due to an increased blood
volume (Barro et al. 2020). Interestingly, an intra-individual
NfL increase was associated with the manifestation of motor
symptoms in pre-morbid Parkinson patients (Wilke et al.
2020). Therefore, individual NfL concentrations might be
even more sensitive to distinguish Parkinson patients from
controls if measured sequentially.

Blood NfL might serve as biomarker to distinguish
between APS and PD, even in early stages of APS, when
clinical symptoms are not yet conclusive (Hansson et al.
2017; Marques et al. 2019). Accuracy levels up to 0.91
(sensitivity 86% and specificity 85%) for distinguishing
APS from PD applying a cutoff value of 14.8 g/L have been
suggested (Marques et al. 2019). A similar diagnostic accu-
racy of 0.91 (sensitivity 82% and specificity 91%) and 0.85
(sensitivity 80% and specificity 90%) was also observed
in two other cohorts (Hansson et al. 2017). The diagnos-
tic accuracy of blood NfL is very similar to CSF NfL and,
therefore, allows a valid diagnostic tool to differentiate APS
and PD (Parnetti et al. 2019). It is well known that increasing
age results in more neuroaxonal damage and consequently
in higher blood NfL levels (Khalil et al. 2018). Therefore,
serum NfL concentrations correlate with age in healthy con-
trols and PD patients (Lin et al. 2018; Marques et al. 2019;
Mollenhauer et al. 2020). However, neuroaxonal damage
in APS patients exceeds the physiological age-dependent
degeneration. Consequently, there is no correlation between
age and blood NfL in APS patients anymore (Marques et al.
2019).

Blood NfL, motor impairment and progression

Cross-sectional studies showed heterogeneous results with
respect to the association of blood NfL concentrations with
motor impairment in PD, revealing positive (Lin et al. 2019)
and negative results (Niemann et al. 2021; Oosterveld et al.
2020) (Table 1). In the bioMARKers in Parkinson’s Dis-
ease (MARK-PD) study, the association of blood NfL. with
total MDS-UPDRS III did not remain after adjusting and
correcting for multiple comparisons (Niemann et al. 2021).
However, a strong and statistically consistent association
persisted when focussing on axial symptoms applying the
PIGD score. The PIGD score is based on MDS-UPDRS III
items focussing on postural instability and gait disturbance
(Potter-Nerger et al. 2022). This finding is in line with a
recent study reporting increased serum NfL levels in PIGD
patients at earlier disease stages (Ng et al. 2020).

In addition to cross-sectional studies, the prognostic
potential of blood NfL might facilitate an individualized
monitoring and treatment of PD patients. Interestingly,
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Table 1 Blood NfL and motor outcome in PD

Author Year Country Cohort size Blood

Disease

Test for disease severity Results

duration

(years)

C.H.Linetal. 2019 116 PD, 40
healthy con-

trols (HC)

Taiwan

Oosterveld et al. 2020 Netherlands 139 PD, 52 HC  Serum

Nget al. 2020 Taiwan 149 PD, 50 HC

Chen et al. 2020 Taiwan 158 PD, 12 HC  Serum

Aamodt et al. 2021 USA 152 PD, 200 HC Plasma 6.5

Niemannetal. 2021 Germany 292 PD Serum 11

Plasma 7.8+6.5

Plasma De novo

6.3+5.8

UPDRS III, H&Y Increased NfL levels in PD patients
compared with healthy controls
Correlation of NfL with UPDRS III

and H&Y
High baseline NfL associates with

faster motor decline

UPDRS III, H&Y No association of NfL with motor

severity

UPDRS III, H&Y Increased NfL in PD compared with

healthy controls

UPDRS III, H&Y Increased NfL levels in PD patients
compared with healthy controls

Positive correlation of NfL with
UPDRS III and H&Y

High NfL levels predict motor

progression

UPDRS III, H&Y Increased NfL in PD patients com-
pared with healthy controls
High NfL levels are associated

with UPDRS III and H&Y
Correlation of serum NfL with
PIGD score and H&Y
Baseline NfL values do not predict
motor decline

UPDRS III, H&Y

higher blood NfL levels are associated with more severe
motor impairment in the long-term disease course. Base-
line serum NFL levels showed significant hazard ratios
for four out of five disease progression milestones in the
long-term course. PD patients with higher blood NFL levels
had a higher likelihood for later motor and social impair-
ment, expressed by the need for a walking-aid, nursing-
home living, reaching final Hoehn and Yahr (H&Y) stage
5 or death (Ygland Rodstrom et al. 2022). In de novo PD
patients, higher baseline serum NfLL was associated with a
greater increases of UPDRS III and total UPDRS scores,
with greater worsening of postural instability and gait dis-
order (PIGD) scores, but not tremor scores (Ye et al. 2021).
Besides more severe motor impairment, higher blood NfL.
levels predicted the time course of motor worsening. In
a Taiwanese cohort, blood NfL levels above 21.84 pg/ml
were associated with a faster motor decline defined as an
increase of 4 UPDRS III points (Lin et al. 2019). Using the
same definition of motor decline, our group did not observe
a faster motor decline in the MARK-PD cohort (Niemann
et al. 2021). Importantly, participants in the MARK-PD
cohort had much longer disease durations, which makes it
more difficult to detect an NfL-associated motor worsen-
ing. Although most studies reveal some kind of association
between blood NfL. with motor function in PD, potential
confounding factors might also release NfL and, therefore,

increase NfL levels, i.e. age, disease duration and non-motor
symptoms, such as dementia and orthostatic dysregulation.

Blood NfL, cognitive impairment and progression

Cognitive impairment and dementia are common and
devastating non-motor symptoms of PD limiting inde-
pendence and life-expectancy. Currently, cognitive tests
represent the gold standard for cognitive assessment and
prediction, e.g. prior to deep brain stimulation. However,
a quantifiable and easily accessible biomarker might
facilitate an individualized cognitive staging and prog-
nosis. Therefore, it is not surprising that numerous studies
have evaluated the association of blood NfL with cogni-
tive function and decline in PD patients. Although most
studies report significant associations of blood NfL with
current cognitive function, there are also some studies,
which do not observe this association (Table 2). In 139
PD patients from a single centre in Amsterdam, serum
NfL levels were associated with cognitive function meas-
ured with Mini-Mental State Examination (MMSE) inde-
pendent of age, whereas NfL levels in CSF did not associ-
ate with MMSE scores (Oosterveld et al. 2020). Similarly,
plasma NfL levels were associated with MMSE scores in
a Taiwanese cohort and remained significant after adjust-
ment for age, sex and disease duration (Lin et al. 2019). In
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Table 2 Blood NfL and cognitive outcome in PD

Author Year Country Cobhort size Blood

Disease
duration
(years)

Test for Results
cognitive

function

C.H.Linetal. 2019 Taiwan 116 PD, 40

healthy con-
trols (HC)

Oosterveld et al. 2020 Netherlands 139 PD, 52 HC  Serum

Sampedro et al. 2020 Spanien 133 PD, 56 HC  Serum

Chen et al. 2020 Taiwan 158 PD, 12HC  Serum

Aamodt et al. 2021 USA 152 PD, 200 HC Plasma 6.5

Ma et al. 2021 China 301 PD, 114 HC Serum

Zhu et al. 2021 China 130 PD, 38 HC  Serum

Niemann et al. 2021 Germany 292 PD Serum 11

Buhmannetal. 2022 Germany 106 PD Serum 12

Plasma 7.8+6.5

412, 10]

de novo

6.3+5.8

de novo

39+4.1

MMST Increased NfL levels in PD patients compared
with healthy controls

Negative correlation of plasma NfL and MMST

High baseline NfL associates with faster cogni-

tive decline

MMST Correlation of serum NfL with cognitive func-
tion

MoCA Increased serum NfL levels in PD patients com-
pared with healthy controls

Increased baseline NfL associates with faster
cognitive decline

Correlation of MRI volumetry and serum NfLL

MMST Increased serum NfL levels in PD patients com-
pared with healthy controls

Negative correlation of plasma NfL and MMST

High plasma NfL levels predict incidence

dementia

DRS-2 Increased plasma NfL in PD patients compared
with healthy controls
High NfL levels are associated with cognitive

decline and higher dementia risk

MoCA Increased NfL values and change in PD patients
compared with controls

Negative correlation of serum NfL and MoCA

High baseline NfL levels predict cognitive

outcome

MMST NfL levels correlate with cognitive impair-
ment, plasma NfL levels are increased in PD

compared with controls
No correlation of serum NfL with MoCA
High baseline NfL values predict cognitive
decline

MoCA

MoCA Age-adjusted serum NfL predicts cognitive

decline

596 PD patients from a large single-centre cohort at the
University of Pennsylvania, neither plasma nor CSF NfL.
levels correlated with baseline Dementia Rating Scale
(DRS-2) scores (Aamodt et al. 2021). In the MARK-PD
study, blood NfL was associated with Montreal Cogni-
tive Assessment (MOCA) scores, but this association did
not remain significant after adjustment for age, sex and
disease duration (Niemann et al. 2021). Therefore, blood
NfL reveals some link with cognitive function—similar
to motor function, but weak and dependent on other con-
founding effects, such as age and disease duration.

Even though associations of blood NfL with motor
worsening render heterogeneous results due to confound-
ing factors, very consistent inverse associations of blood
NfL levels with cognitive outcome have been reported
(Aamodt et al. 2021; Lin et al. 2019; Ng et al. 2020; Nie-
mann et al. 2021). Except for one study (Ye et al. 2021),

@ Springer

all identified publications described a positive asso-
ciation of baseline blood NfL levels with unfavourable
cognitive outcome. Importantly, results were consistent
despite the use of different cognitive tests, i.e. MMSE,
MoCA and DRS-2. Despite the fact that cognitive impair-
ment in PD patients is dependent on disease duration and
disease stage, the link between blood NfL with cogni-
tion remained significant across PD severity stages and
in heterogeneous PD cohorts. In detail, blood NfL was
associated with cognitive impairment in a heterogeneous
PD cohort with 596 participants applying DRS-2 score
(Aamodt et al. 2021), in 301 de novo PD patients from
the Parkinson’s Progression Markers Initiative (PPMI)
using MoCA (Ma et al. 2021), and in 178 participants
with moderate disease stages from a Taiwanese study
assessed with MMSE (Lin et al. 2019) as well as in 289
advanced PD patients examined with MoCA (Choe et al.
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2020; Niemann et al. 2021). Although the results were
consistent despite different cohorts, disease stages and
cognitive assessment tools, blood NfL values were also
widely distributed over a range from 14 to 19 pg/ml in
the above-mentioned studies. Using ROC analysis, Lin
and colleagues determined a cutoff value of 18.34 pg/
mL (Lin et al. 2019), whereas Aamodt and colleagues
also used ROC analysis to identify 14.6 pg/ml as optimal
cutoff in their cohort for a higher risk of cognitive decline
(Aamodet et al. 2021). However, cutoff values from single-
centre cohorts do not reproduce in other cohorts (Buh-
mann et al. 2022). Consequently, cohort-independent
cutoff values are needed. Recent studies suggest that
age-adjusted NfL percentiles might be more reliable than
absolute NfL concentrations to predict cognitive decline
in PD patients (Buhmann et al. 2022). Interestingly, blood
NIfL percentiles reliably identified individual people with
multiple sclerosis at risk for a detrimental disease course
and could, therefore, also represent feasible measures in
neurodegenerative disease like PD.

Blood NfL and Parkinson subtypes

The clinical classification of PD subtypes allows a more
individualized monitoring, more appropriate management
and better prognosis. Especially, the postural instability
and gait difficulty-predominant subtype (PIGD) PD sub-
type clinically presents with more severe, faster disease
progression and more cognitive impairment compared to
the tremor-dominant (TD) and intermediate PD subtypes.
In line, neurochemical and neuropathological findings sug-
gest a more pronounced underlying disease pathology with
respect to CSF amyloid-beta 42 (ApB1-42) and phospho-tau
181 concentrations (Kang et al. 2013a, 2013b) as well as
cortical Lewy bodies and amyloid-beta plaques (Selikhova
et al. 2009). These neurochemical and neuropathologi-
cal findings correlate with a faster motor decline in PIGD
patients. In line with these findings, blood NfLL was higher
in advanced PD patients with the PIGD subtype independent
of age, sex and disease duration in a single-centre in Singa-
pore and in the MARK-PD study from Hamburg (Ng et al.
2020; Potter-Nerger et al. 2022). However, baseline blood
NfL levels did not differ between PIGD and TD subtypes at
early disease stages, i.e. motor symptoms less than 2 years
and diagnosis less than 1 year (Ng et al. 2020). In the Singa-
pore study, higher baseline NfLL was associated with worse
cognitive (assessed with MMSE) and motor (assessed with
MDS-UPDRS III) function. As mentioned earlier, the PIGD
score, which is based on MDS-UPDRS III items of postural
instability and gait disturbance, revealed strong and statisti-
cally consistent associations with blood NfL compared with
total MDS-UPDRS III scores (Potter-Nerger et al. 2022).
Therefore, postural instability and gait disorder (classified

as PIGD subtype and score) are associated with more severe
and faster neurodegeneration, which is quantifiable by blood
NfL concentrations. Moreover, higher baseline blood NfL.
are associated with a greater increase of UPDRS III and total
UPDRS scores, which was driven by greater worsening of
postural instability and gait disorder (PIGD), but not tremor
scores (Ye et al. 2021). Consistently, higher baseline plasma
NfL concentrations (i.e. 2.7-fold increase) were significantly
associated with worse motor and cognitive outcome, i.e.
increase of 9.7 points of MDS-UPDRS III and decrease of
2.1 points of MMSE, respectively in PD patients with PIGD
subtype (Ng et al. 2020). In another study, higher baseline
blood NfLL was associated with greater worsening of PIGD
scores over eight years follow-up (Kim et al. 2015). In sum-
mary, blood NfL is a reliable and consistent biomarker of
PIGD symptoms in PD patients.

Blood NfL and comorbidities

Recent studies have identified non-motor symptoms and
comorbidities in PD patients, which influence disease sever-
ity and outcome. Especially orthostatic dysregulation, vascu-
lar risk factors and psychiatric symptoms have been associ-
ated with blood NfL levels. Baseline plasma NfL predicted
psychotic symptoms after adjustment (OR 8.2 [1.4-47.4])
in 108 PD patients, whereas no association was observed
with affective symptoms. In contrast, higher plasma NfL
levels were associated with depression and anxiety in
116 PD patients from a Chinese cohort (Yin et al. 2022).
Recently, orthostatic hypotension and elevated serum NfL
were associated with mortality in 156 patients with early
stages of PD (van Rumund et al. 2022). Another study with
77 PD patients revealed that PD patients with orthostatic
hypotension had higher plasma NfL levels compared with
those without orthostatic hypotension (Park et al. 2021).
Given that PD comorbidities (e.g. orthostatic hypotension,
psychosis, affective disorders, and dementia) and higher PD
stages (assessed by Hoehn and Yahr) are both associated
with higher NfL levels, it remains unclear how these factors
interact with each other. Nonetheless, all these factors are
linked with a higher extend quantifiable neuroaxonal damage
and possibly neurodegeneration.

Blood NfL and cutoff values

Although the association of blood NfL levels with motor and
cognitive outcome are very consistent across studies, very
different cutoff values have been identified in these cohorts.
As previously discussed, a lot of confounding factors influ-
ence NfL levels, which might explain why no perfect abso-
lute cutoff value has been determined, so far. Amongst these
different confounding factors, age is probably the single
most important physiological parameter affecting NfL levels.
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Serum NfL levels increase yearly by 0.9% in the age group
40-50 years, by 2.7% in the age group 50-60 years and up
to 4.3% above 60 years in a population-based cohort (Khalil
et al. 2018). Similarly, serum NfL increased by 3.35% per
year of age in PD patients (Mollenhauer et al. 2020). Previ-
ously, cutoff values from other cohorts did not reproduce in
other cohorts (Buhmann et al. 2022). However, age-adjusted
percentiles or z-scores allowed a significant prediction of
cognitive worsening if above the 95th percentile, i.e. if NfL
levels were amongst the highest 5% of the corresponding age
group. Nowadays, different online tools enable the calcula-
tion of NfL percentiles and z-scores adjusted for age and
also body mass index (Benkert et al. 2022; Vermunt et al.
2022). In addition to age-adjusted NfL percentiles, intra-
individual NfL changes might be even more sensitive to
detect pathological limits. In hereditary Alzheimer patients,
intra-individual NfL increases were able to predict disease
manifestation 7 years ahead (Preische et al. 2019). Simi-
larly, sequential intra-individual NfL levels revealed could
be used to determine manifestation of motor symptoms in
pre-symptomatic PD patients (Wilke et al. 2020). Both age-
adjusted percentiles and intra-individual changes might have
the potential for early translation into clinical practice.

Conclusion

Overall, blood NfL is a consistent easily accessible bio-
marker to predict motor and cognitive worsening in PD
patients. Especially, more pronounced neurodegenerative
processes (i.e. postural instability, gait disorder and demen-
tia) reveal strong associations with blood NfL. Age-adjusted
NfL values and intra-individual NfL changes have the
potential to facilitate clinical application as reliable blood
biomarker.
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