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A B S T R A C T   

Objective: To explore the accuracy of plasma neurofilament light chain (NfL) as a biomarker for diagnosis and 
staging of cognitive impairment, in a large cohort with of previously diagnosed patients in clinical practice. 
Methods: Retrospective, cross-sectional, monocentric study, from a tertiary memory clinic. Patients underwent 
cerebrospinal fluid core Alzheimer’s disease (AD) biomarker evaluation using ELISA or Elecsys methods, and 
plasma NfL analysis using the single molecule array technology. The patients’ biomarker data were examined for 
associations with: i/cognitive status ii/presence of neurodegenerative disease and iii/diagnostic groups. Asso-
ciations between core CSF biomarkers and plasma NfL were determined. 
Results: Participants (N = 558, mean age = 69.2 ± 8.8, 56.5% women) were diagnosed with AD (n = 274, 
considering dementia and MCI stages), frontotemporal dementia (FTD, n = 55), Lewy body disease (LBD, n = 40, 
considering MCI and dementia stages), other neurodegenerative diseases, n = 57 (e.g Supranuclear Palsy, Cor-
ticobasal syndrome), non-neurodegenerative cognitive impairment (NND, n = 79, e.g. vascular lesions, epilepsy 
or psychiatric disorders) or subjective cognitive impairment (SCI, n = 53). Mean plasma NfL (log, pg/mL) levels 
were higher in neurodegenerative than non-neurodegenerative disorders (1.35 ± 0.2 vs 1.16 ± 0.23, p < 0.001), 
higher in all diagnostic groups than in SCI (1.06 ± 0.23) p < 0.001), and associated with the stage of cognitive 
impairment (p < 0.001). The addition of plasma NfL to a clinical model (age, MMSE and APOE ε4 carriership) 
marginally improved the discrimination of degenerative from non-degenerative disorders in ROC analysis (AUC 
clinical model: 0.81, 95% CI = [0.77;0.85] AUC clinical model + plasma NfL: AUC = 0.83 95% CI = [0.78;0.87], 
delta Akaike information criterion = − 11.7). 
Discussion: Plasma NfL could help discrimination between degenerative and non-degenerative cognitive disor-
ders, albeit not better than comprehensive clinical evaluation.  

Abbreviations: AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; CBS, corticobasal syndrome; CJD, Creutzfeldt-Jakob disease; CSF, cerebrospinal fluid; 
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43 encephalopathy; MCI, mild cognitive impairment; MS, multiple sclerosis; MSA, multiple system atrophy; MRI, magnetic resonance imaging; pNfL, plasma neu-
rofilament light chain; NND, non-neurodegenerativedisease; OND, other neurodegenerative disease; PD, Parkinson’s disease; PDD, Parkinson’s disease Dementia; 
PSP, progressive supranuclearpalsy; p-Tau, phosphorylated tau protein; SCI, Subjective cognitive impairment. 
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1. Introduction 

Neurofilaments light chain (NfL) are cytoskeletal components of 
neuronal axons, mainly present in large caliber myelinated axons, 
known to play a determinant role in the axon radial growth and stability 
(Khalil et al., 2018). Within the last decade, new assay methods, such as 
single molecule array (Simoa), allowed ultra-sensitive blood measure-
ments of this cerebral biomarker, unreachable with prior ELISA tech-
niques (Kuhle et al., 2016). 

Plasma NfL was shown to reflect axonal damage in selected study 
cohorts of neurodegenerative disorders: Alzheimer’s disease (AD) 
(Mattsson et al., 2017), frontotemporal dementia (FTD) (Rohrer et al., 
2016; Ashton et al., 2021; Benussi et al., 2020), or Lewy body disease 
(LBD) (Ashton et al., 2021; Pilotto et al., 2021), with good accuracy for 
the discrimination of neurodegenerative diseases from controls (Pilotto 
et al., 2021). We summarized the published body of evidence regarding 
NfL in this scope in Supplementary Table 1. 

However, in daily clinical practice, patients often report unspecific 
cognitive complaints or clinical symptoms, leading to two unmet needs: 
1/ to easily differentiate neurodegenerative from non- 
neurodegenerative disorders (NND), 2/ to help the clinicians refine 
early preliminary diagnoses, among neurodegenerative conditions. So 
far, little is known about the discriminating power of plasma NfL in daily 
clinical practice, in unselected populations with all causes of cognitive 
impairment, without excluding older patients, or those in advanced 
stages of dementia. 

Our objectives were firstly to compare plasma NfL levels across 
clinical diagnoses, with regards to the presence or absence of neuro-
degeneration, in a sample of previsously diagnosed patients from daily 
clinical practice and secondly to study plasma NfL levels, across different 
stages of cognitive impairment. 

2. Methods 

2.1. Study design and participants 

This retrospective, cross-sectional study, included patients with 
cognitive complaints who had undergone cerebrospinal fluid (CSF) 
analysis at the Cognitive Neurology Center, Lariboisière (GHU AP-HP. 
Nord, Paris), between 01/2010 and 02/2021. This department has 
expertise in diagnosis and care of patients with cognitive disorders and 
neurodegenerative diseases. 

2.1.1. Diagnosis assessment 
Patients were assessed by a multidisciplinary team of dementia ex-

perts, along three lines: i/ the cognitive status (impaired or not); ii/ the 
presence of underlying neurodegenerative process; iii/ the final etio-
logical diagnosis. Accordingly, diagnostic groups were established after 
consideration of the clinical presentation, neuropsychological assess-
ment, neuroimaging and CSF biomarkers, using the most recent diag-
nostic criteria (Gorno-Tempini et al., 2011; Crutch et al., 2017; 
McKhann et al., 2011; McKeith et al., 2020; McKeith et al., 2017; Her-
mann et al., 2021; Armstrong et al., 2013; Höglinger et al., 2017; Ras-
covsky et al., 2011) (See Supplementary Table 2). All patients diagnosed 
with AD were on the AD continuum (Mild Cognitive Impairment (MCI) 
and dementia) and had a biomarker profile with abnormal Aβ40/42 
ratio (Jack et al., 2018). 

We enrolled 558 participants: individuals with subjective cognitive 
impairment (SCI, n = 53), with no evidence of neurocognitive disorder, 
AD (n = 274), FTD (n = 55), LBD (n = 40), other neurodegenerative 
disease (OND, n = 57) and patients with non-neurodegenerative disease 
(NND, n = 79). Regarding cognitive status, 53 were SCI subjects, 218 
individuals had MCI and 287 had dementia. Overall, 426 individuals 
(76.4%) had a neurodegenerative disease in the whole cohort. 

In details, the OND group included patients with a diagnosis of de-
mentia related to Creutzfeldt Jakob disease (Hermann et al., 2021), 

supranuclear palsy (Höglinger et al., 2017), corticobasal syndrome 
(Armstrong et al., 2013), logopenic variant primary progressive aphasia 
(Gorno-Tempini et al., 2011), as well as patients with dementia with 
evidence of neurodegeneration (defined by atrophy on morphological 
brain MRI, or hypometabolism on Fluorodeoxyglucose Positron Emis-
sion Tomography (FDG-PET) imaging, or suspected non amyloid pa-
thology profile according to CSF biomarkers with cognitive decline over 
follow-up). 

The NND group included subjects who i/ experienced objective 
cognitive decline; ii/ did not fulfil clinical criteria for the main etiologies 
of neurodegenerative dementia (see Supplementary Table 2); iii/ did not 
evoke another cause of uncommon neurodegenerative condition, after 
multidisciplinary consultation including a neuroradiologist, a nuclear 
physician and careful reviewing of neuroimaging examinations (e.g. 
FDG-PET imaging, MRI), as well as CSF biomarkers. Therefore, the final 
diagnoses of the NND group comprised vascular cognitive impairment, 
sleep apnoea, alcohol-related cognitive impairment, epilepsy, psychi-
atric disorder (bipolar disorder, depression), cognitive impairment 
linked to prior traumatic brain injury, infectious diseases (human im-
munodeficiency viruses, herpes viruses), metabolic (B12 vitamin defi-
ciency, thyroid dysfunction) and toxic (e.g. chemotherapy treatment) 
cognitive impairment. 

SCI individuals reported cognitive complains without evidence for 
cognitive impairment or neurodegeneration, and might have been 
included as control subjects, in previous observational research studies. 
They were classified as SCI when a diagnostic of neurocognitive disorder 
was excluded by the referent physician and they fulfilled the following 
criteria: i/ the neuropsychological assessment found preserved global 
cognition (i.e. normative or subnormative scores for age, sex and level of 
education;, ii/brain MRI did not show significant hippocampal atrophy 
(Scheltens score ≤ 2); iii/ the CSF biomarker profile was normal (A-T-N- 
), according to the AT(N) classification (Rascovsky et al., 2011). 

For clarity purpose, we stated as “degenerative conditions” AD, FTD, 
LBD, OND and as “non-degenerative conditions” NND and SCI in the 
analyses described below. 

2.2. Non-inclusion criteria 

Patients were not included when no consensual etiological diagnosis 
was reached or when patients had undergone plasma NfL analysis, after 
an acute neurological event (traumatic brain injury, stroke). 

The flow chart of study participants is presented on Fig. 1. 

2.3. Plasma NfL and CSF biomarker measurements 

Plasma NfL levels were measured in singlicates, using the Simoa 
platform (Quanterix®, Lexington, MA) in Lariboisière Hospital, and in 
Neurochemistry Laboratory (Moldnal, Sweden), across 10 analytical 
runs. Each assay plate included internal quality control samples with 
high and low plasma NfL concentrations, which were analyzed in 
duplicate at the beginning and end of the plate. Intra-assay and inter- 
assay coefficients of variation (CV) were respectively of 3.1% and 
11.8%. CV between the two platforms was computed from a subset of 10 
samples run on both, and rendered a CV of 7.5%. 

CSF Aβ ratio (Aβ42/Aβ40), phosphorylated-tau (pTau) and total tau 
(Tau) measurements were performed in the Biochemistry Unit 
(Lariboisière Hospital), using Innotest® ELISA (Fujirebio, Gent, 
Belgium) (2010–2018), and after 2018 using Elecsys® immunoassays on 
the cobas e601 analyzer (Roche-Diagnostics). (See cut off levels in 
Supplementary Table 3). 

2.4. Statistical analyses 

Patients’ data was analyzed along three lines: i/the cognitive status 
(SCI, MCI and dementia) ii/according of the presence of neurodegen-
erative disease or not and iii/across diagnoses groups: AD, LBD, FTD, 

K. Götze et al.                                                                                                                                                                                                                                   



Neurobiology of Disease 176 (2023) 105937

3

OND, NND and SCI. The accuracy of plasma NfL, in addition with clin-
ical assessment, to discriminate neurodegenerative from non- 
neurodegenerative conditions was assessed with receiver operating 
characteristic curves (ROC) and multiple logistic regression models. 
Age, MMSE and APOE ε4 carriership were associated in a clinical model; 
then a total model included plasma NfL and the aforementioned vari-
ables. Akaike information criterion (AIC) was used to determine which 
model was the best fit for the data. A difference in AIC >2 points be-
tween two models (∂AIC) was considered as significant to indicate better 
fit of the model with lower AIC. 

Plasma NfL concentration was log-transformed to achieve normality, 
except in the logistic regression analysis. Differences in plasma NfL 
across multiple category variables were tested using analysis of variance 
(ANOVA), followed by post-hoc test with Bonferroni correction for 
multiple analyses. CSF pTau and Tau were expressed as a ratio relative 
to the standard used at the time of the assay for the calculation of the 
correlation with plasma NfL, in order to avoid false associations due to 
change of cut off values for CSF AD biomarkers. (See supplementary 
Table 1 for used cut of values). Correlation between continuous vari-
ables, such as pNfL and core CSF biomarkers were analyzed using 
Spearman or Pearson correlation coefficients. Categorical variables were 
compared using χ2 test. P < 0.05 was considered overall significant. 
Statistical analyses were performed using IBM SPSS 27.0 and GraphPad 
Prism 9.1.3. 

2.5. Ethical considerations 

All the participants were provided oral and written information 
about the opportunity to collect additional blood and CSF samples for 
further research analyses, in the BioCogBank© protocol. They also 
consented for the anonymous use of their clinical data and the results of 
their CSF analyses). This study was approved by the local and national 
Ethics Committees (“Comité d’évaluation et d’Ethique pour la recherche 
Paris Nord” on 30 May 2016) and the “Commission Nationale Infor-
matique et Libertés” (CNIL). 

3. Results 

3.1. Characteristics of the study sample 

The patients’ characteristics and plasma NfL values are displayed in 
Table 1. The relationship between plasma NfL and the cognitive status, 
the degenerative or non-degenerative status and the diagnostic groups is 
illustrated on Fig. 2. Plasma NfL was correlated with age (rho = 0.40, p 
< 0.0001) but not with sex (p = 0.66) nor with APOE ε4 carriership (p =
0.36). 

3.2. Plasma NfL regarding cognitive status 

Plasma NfL was associated with the severity of cognitive impairment, 
regardless of the etiology (Table 1). Plasma NfL levels were higher in 
subjects with MCI or dementia vs SCI, p < 0.001). There was also a 
stepwise increase between patients with MCI and dementia (p < 0.001), 
as shown on Fig. 2A. 

3.3. Plasma NfL regarding degenerative or non-degenerative status 

Plasma NfL levels in neurodegenerative patients were higher than in 
non-neurodegenerative patients, as reported on Fig. 2B (mean ± sd 1.16 
± 0.23 versus 1.35 ± 0.32 pg/mL p < 0.001). Mean age was significantly 
higher in patients with neurodegenerative disorders (mean ± sd 70.8 ±
8.0) than in those with non-neurodegenerative conditions (mean ± sd 
64.8 ± 9.6), p < 0.0001). In ROC analysis, plasma NfL discriminated 
neurodegenerative from non-neurodegenerative conditions with an AUC 
of 0.75, 95% CI = [0.69.0.80], p < 0.0001. Our clinical model (age, sex 
and MMSE) yielded an AUC of 0.81, 95% CI = [0.77;0.85] to identify 
neurodegenerative conditions. The association of plasma NfL to the 
clinical variables in the total model significantly improved the diag-
nostic accuracy: AUC = 0.83 95% CI = [0.78;0.87] (AIC versus clinical 
model: − 11.7) (Table 2 and Fig. 3). 

3.4. Plasma NfL regarding diagnostic groups 

Plasma NfL levels were higher in all diagnostic groups compared 
with SCI. Although displaying the higher levels in our study, plasma NfL 

Patients between 06/01/2010 and 19/02/2021 
diagnosed with CSF biomarkers and with plasma sample 

available

N =  653

Included patients
N = 558

Analyzed 
N = 558

Not included : N = 97
- Multiple assessements : N = 16
- No consensual diagnosis: N = 33
- Technical issues N = 48

AD
N = 274 

LBD
N = 40

FTD
N = 55

OND
N = 57

NND
N = 79

SCI
N = 53

Fig. 1. Flow chart of study participants.  
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levels from individuals with FTD did not differ statistically from AD or 
OND. However, plasma NfL was higher in FTD than in NND or LBD. LBD 
patients’ plasma NfL levels were lower than individuals with AD (p =
0.0014), FTD (p < 0.001) but did not differ from subjects with NND 
(Fig. 2C). The levels of plasma NfL between patients with MCI vs de-
mentia in FTD were significantly different (1.28 ± 0.21 vs. 1.48 ± 0.24, 
respectively p < 0.001 after age-adjustment), whereas the difference 
was not significant in MCI vs. dementia due to AD. 

After adjustment on age, sex and MMSE levels, plasma NfL was 
significantly higher in patients with AD, FTD and OND than in SCI in-
dividuals (p = 0.0002, p = 0.0004, p = 0.0016 respectively). Patients 
with LBD and NND did not differ significantly from SCI individuals. 
Patients with AD and FTD had higher plasma NfL levels than patients 
with NND, without outpassing multiple comparison correction. The 
detailed between-group comparisons of NfL levels are presented in 
Supplementary Table 4. 

3.5. Relation between Plasma NfL and core CSF biomarkers 

Plasma NfL and AD CSF biomarkers were significantly correlated, 
with a Pearson correlation coefficient of 0.27 between plasma NfL and t- 
tau (p < 0.001), 0.22 with p-Tau (p < 0.001), and 0.17 with Aβ40/Aβ42 
ratio. 

4. Discussion 

This analysis of 558 patients, from daily clinical practice, highlighted 
the potential interest of plasma NfL as a reliable biomarker, along the 
diagnostic process. First, plasma NfL accurately reflected the stage of 
cognitive impairment, regardless of the diagnosis; plasma levels were 
higher in subjects with dementia than in those with MCI, and higher in 
MCI patients than in SCI. Second, plasma NfL was higher in patients with 
neurodegenerative disorders than in those with non-neurodegenerative 
conditions. The addition of plasma NfL to clinical variables (age, MMSE 
and APOE ε4 status) marginally improved the discrimination of neuro-
degenerative and non-neurodegenerative conditions. Third, patients 

with FTD showed the highest plasma NfL concentration, which differed 
significantly from individuals diagnosed with LBD, SCI and NND, but not 
from those with OND or AD. In a recent publication, Wilke et al. reported 
that plasma NfL progressively increased in conversion stages of genetic 
forms of FTD (Wilke et al., 2022). The absence of difference between 
patients with FTD and AD might be explained by the inclusion of early- 
stage FTD subjects in our sample (Davy et al., 2021). We confirmed the 
results of prior publications (Ashton et al., 2021; Pilotto et al., 2021) 
showing that patients with LBD presented higher levels of plasma NfL 
than SCI, but also lower levels than patients with AD, FTD or OND. 

To the best of our knowledge, only two other studies assessed the role 
of plasma NfL in cognitively impaired individuals with different diag-
nostic groups. Last year, Ashton et al. established optimal cutpoints for 
plasma NfL in 2269 individuals with various neurodegenerative or NND, 
achieving the correct classification of most individuals with FTD, pro-
gressive supranuclear palsy, multiple system atrophy, or amyotrophic 
lateral sclerosis (Ashton et al., 2021). However, in this study, partici-
pants came from two multicenter cohorts (KCL in the UK and BioFINDER 
in Sweden). Because of stringent inclusion and exclusion criteria, such as 
thresholds of MMSE for MCI and dementia staging, the population of 
these studies did not truely reflect the daily clinical practice settings and 
concerns. Willemse et al. highlighted the interest of plasma NfL, as a 
biomarker of neurodegenerative diseases, in a smaller sample (n = 109) 
of younger patients (mean age 63 ± 9) from clinical practice, especially 
in the youngest half of their study population (Willemse et al., 2021). In 
our population, plasma NfL considered alone, was less accurate to 
identify neurodegeneration than the association of age, MMSE and 
APOE ε4 carrieship. However, when added to these parameters, plasma 
NfL significantly improved the model fit, suggesting a possible clinical 
decision support. As expected, it brought limited information for indi-
cating specific etiologies of cognitive disorders. Accordingly, we found 
significant but weak positive correlations between plasma NfL and CSF 
biomarkers of brain amyloid and tau deposition, indicating AD’s 
neuropathology. Therefore, plasma NfL may be used as a first-line 
screening test, to support a neurodegenerative hypothesis, for example 
to rule out a psychiatric condition (Davy et al., 2021). Yet, assessing 

Table 1 
Characteristics of the study participants.    

Overall 
N = 558 

SCI 
N = 53 
(9.5) 

NND 
N = 79 
(14.2) 

AD 
N = 274 
(49.1) 

FTD 
N = 55 
(9.9) 

LBD 
N = 40 (7.2) 

OND 
N = 57 
(10.2) 

p 

Demographics          

Age, years, mean (SD)  69.2 ± 8.8 62.2 ± 8.6 66.6 ± 9.9 71.2 ± 8.3 68.0 ± 7.1 68.3 ± 6.3 71.9 ± 7.9 
<

0.001* 
Female, n (%)  314 (56.5) 36 (67.9) 41 (51.9) 161 (59.1) 20 (36.4) 17 (42.5) 39 (68.4) 0.001†
Education level, yo  11.4 ± 3.5 12.8 ± 3.0 10.6 ± 3.8 11.3 ± 3.5 11.3 ± 3.4 11.5 ± 3.7 11.7 ± 3.1 0.035* 
APOE ε4 carriership, n (%)  248 (44.5) 16 (32.6) 14(18.6) 162 (62.8) 16 (30.2) 20 (51.3) 20 (37.7) < 0.001†

MMSE (/30)  24 (19; 27) 27 (25; 29) 25 (22; 27) 21 (17; 26) 24.5 (18; 
27) 

25 (18.25; 
27) 

24 (21; 27) < 0.001‡

Cognitive status         < 0.001†
SCI  53 (9.5) 53 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)  
Mild cognitive impairment  218 (39.1) 0 (0) 63 (79.7) 95 (34.7) 12 (21.8) 19 (47.5) 29 (50.9)  
Dementia  287 (51.4) 0 (0) 16 (20.3) 179 (65.3) 43 (78.2) 21 (52.5) 28 (49.1)  
Core CSF biomarkers         < 0.001†

A-T-N- 191 (34.2) 53 (100) 61 (77.2) 0(0) 36 (65.5) 22 (55.0) 20 (35.1)   
A- with T+ or 
N+

67 (12.0) 0 (0) 17 (21.5) 0 (0) 19 (34.5) 8 (20.0) 23 (40.4)   

A + T-N- 37 (6 6) 0 (0) 1 (1.3) 18 (6.6) 0 (0) 6 (15.0) 12 (21.1)   
A + T-N+ 16 (2.9) 0 (0) 0 (0) 13 (4.7) 0 (0) 1 (2.5) 2 (3.5)   
A + T + N- 10 (1.8) 0 (0) 0 (0) 9 (3.3) 0 (0) 8 (20.0) 0 (0)   
A + T + N+ 237 (42.5) 0 (0) 0 (0) 234 (85.4) 0 (0) 2 (5.0) 0 (0)  

Plasma NfL          
Plasma NfL (pg/mL, mean 

(SD)  
23.7 ±
15.1 

13.3 ± 7.9 20.4 ± 17.4 24.8 ± 11.8 32.2 ± 22.1 18.0 ± 7.5 28.5 ± 18.8 <

0.001* 

Log Plasma NfL (pg/mL)  
1.31 ±
0.24 

1.06 ±
0.23 1.22 ± 0.26 1.35 ± 0.19 1.43 ± 0.25 1.21 ± 0.20 1.38 ± 0.26 

<

0.001* 

*ANOVA test† χ2squared test. ‡ Kruskall-Wallis test. Multiple comparison adjustement with Bonferroni’s method. P < 0.05 for comparison of i/ AD and SCI, NND, OND, 
ii/ SCI and all groups. 
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plasma NfL in case of diagnostic doubt between AD and OND would be 
useless for the clinician. 

Plasma NfL levels modifications in neurodegenerative disorders are 
related to chronic and progressive neuronal death (Bacioglu et al., 

2016). Thus, unlike in brain injuries (stroke, meningitis), plasma NfL 
levels progressively increase over the course of the disease, reflecting the 
dynamic process of neurodegeneration. This dynamic profile of plasma 
NfL was confirmed in clinical studies assessing the therapeutic response 

Fig. 2. Plasma NfL levels across diagnostic groups, cognitive stages and neurodegenerative status. 
For each figure, mean levels, first and third quartiles are represented inside the box, with the mean plasma NfL level on the right. Plasma NfL levels were compared 
and adjusted for age using ANCOVA. P-values corrected for multiple comparisons using Bonferroni’s method are shown between brackets. 
Abbreviations: MCI: Mild cognitive impairment, SCI: Subjective Cognitive Impairment, AD: Alzheimer’ disease, FTD: Fronto-temporal dementia, LBD: Lewy body 
disease, OND: Other neurodegenerative disorders, NND: Non neurodegenerative disorders. 
A. Plasma NfL levels across cognitive impairment stages. 
B. Plasma NfL levels in neurodegenerative and non-neurodegenerative groups. 
C. Plasma NfL across diagnostic groups. SCI had lower rates of plasma NfL compared with all groups (p < 0.001 for all groups but LBD, p = 0.002). 
D. Plasma NfL levels in subgroups of AD and FTD, according to cognitive impairment stage. SCI had lower rates of plasma NfL compared with all groups (p < 0.001 
for all groups, but FTD MCI, p = 0.004), which is represented by * in the graph. 
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and disease activity in patients with multiple sclerosis (Kuhle et al., 
2019). Our results also suggest the potential use of this dynamic 
biomarker in clinical practice, for the monitoring of unselected patients, 
as a “neurologist troponin” (Thebault et al., 2020). 

The main strength of our work is the large-sampled evaluation of 
plasma NfL assay, in multidisciplinary- evaluated patients, from clinical 
practice. The NND group comprised various diagnoses, reflecting the 
diversity of patients from a memory clinic. All the analyses were 
adjusted for age, which was associated with plasma NfL levels. 

Several limitations of this study must be acknowledged. The added 
value of plasma NfL on diagnosis seems to be modest when compared to 
the usual diagnostic approach in a tertiary memory clinic. The mono-
centric design is leading to a lack of external validity. Although our 
sample was large, the number of patients who were diagnosed with 
FTLD or LBD as compared with AD was rather small, which oversized the 
effect of extreme values of plasma NfL in these groups. This discrepancy 
may represent the consequence of a selection bias for research in the 
field of neurocognitive disorders, as patients are frequently referred by 

their physicians to tertiary memory centers with the perspective of 
participation to clinical trials. Similarly, the number of patients with 
non-neurodegenerative conditions was smaller than the number of pa-
tients with degenerative conditions, thus oversizing the weight of high 
plasma NfL values for this group. Patients with non-neurodegenerative 
disorders were significantly younger than those with neurodegenera-
tive conditions. Yet, our analyses were adjusted for age. Moreover, this 
was a cross-sectional analysis with only one plasma NfL measurement by 
participant. Thus, there are uncertainties regarding the evolution of 
plasma NfL in our participants over the years of follow-up. 

5. Conclusion 

In this clinical practice study, plasma NfL was significantly higher in 
neurodegenerative conditions and associated with the severity of 
cognitive impairment. However, NfL marginally improved discrimina-
tion between neurodegenerative and non-neurodegenerative disorders 
when added to clinical evaluation. Thus, plasma NfL could help physi-
cians experiencing diagnostic uncertainty, in patients with atypical 
clinical presentation, to confirm or exclude neurodegeneration. Yet, NfL 
may not be regarded as a routine diagnostic biomarker of neuro-
degeneration, to be implemented in memory clinics daily practice. 
Further studies with more patients affected by NND are warranted to 
provide external validity to our findings. The relationship of plasma NfL 
to other progression biomarkers, such as neuroimaging abnormalities, 
also deserves further investigation. 
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on May 30, 2016, and the “Commission Nationale Informatique et Lib-
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Table 2 
Logistic regression models for discriminating neurodegenerative and non 
neurodegenerative disorders.  

Logistic regression model AUC Odds 
ratio 

95% 
Confidence 
interval 
limits 

Δ AIC versus 
Clinical 
model 

Clinical Model (Age, Apo 
E4 carriership, MMSE) 

0.81  0.77 0.85  

Age  1.09 1.06 1.12  
APOE ε4 carriership  4.01 2.41 6.9  
MMSE  0.86 0.81 0.91  
Plasma NfL 0.75  0.69 0.80 66.8 
Plasma NfL  1.078 1.05 1.11  
Total model (plasma NfL, 

Age, Apo E4 carriership, 
MMSE) 

0.83  0.78 0.87 − 11.70 

Plasma NfL  1.04 1.02 1.07  
Age  1.07 1.04 1.10  
APOE ε4 carriership  4.22 2.52 7.3  
MMSE  0.87 0.82 0.92  

Logistic regression was performed to study the performance of clinical variables 
(age, MMSE and APOE ε4 carriership), plasma NfL and of their association for 
identifying patient with a neurodegenerative conditions. Comparisons between 
AUCs were performed using Aikake information criterion (AIC). A difference in 
AIC (Δ AIC) of >2 is considered to indicate a significant difference between the 
models. 
AIC, Aikake information criterion; ApoE, apolipoprotein E; AUC, area under the 
curve; MMSE, mini mental state examination; NfL: neurofilament light chain. 

Fig. 3. ROC analysis for discriminating neurodegen-
erative and non-neurodegenerative disorders. 
ROC analysis for discrimination between neurode-
generative conditions (AD, FTD, LBD, OND) and non- 
neurodegenerative conditions (SCI, NND). Plasma NfL 
(red curve), AUC 0.75, 95%CI = [0.69;0,80], p <
0.0001. Clinical model (green), AUC = 0.81, 95%CI 
= [0.77;0.85], p < 0.0001 Total model (blue), AUC =
0.80, 95%CI = [0.75;0.84], p < 0.0001. 
APOE apolipoprotein E; AUC, area under the curve; 
MMSE, mini mental state examination; NfL: neuro-
filament light chain; ROC, receiver operating 
characteristic.   
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