
59

ABSTRACT

Background and Purpose: Neurofilament light chain (NfL) has been considered as a 
biomarker for neurodegenerative diseases including Alzheimer’s disease (AD). We measured 
plasma NfL levels in older adults with cognitive complaints and evaluated their clinical 
usefulness in AD.
Methods: Plasma levels of NfL, measured by using the single molecule array method, were 
acquired in a total of 113 subjects consisting of subjective cognitive decline (SCD; n=14), mild 
cognitive impairment (MCI; n=37), or dementia of Alzheimer type (DAT; n=62). Plasma NfL 
level was compared among three groups, and its association with cognitive and functional 
status was also analyzed.
Results: After adjusting for age, plasma NfL level was higher in subjects with DAT 
(65.98±84.96 pg/mL), compared to in subjects with SCD (16.90±2.54 pg/mL) or MCI 
(25.53±10.42 pg/mL, p=0.004). NfL levels were correlated with scores of the mini-mental 
state examination (r=−0.242, p=0.021), clinical dementia rating (CDR) (r=0.291, p=0.005), 
or CDR-sum of boxes (r=0.276, p=0.008). Just for participants who performed amyloid 
positron emission tomography (PET), the levels were different between subjects with PET 
(−) (n=17, 25.95±13.25 pg/mL) and PET (+) (n=16, 63.65±81.90 pg/mL, p=0.010). Additionally, 
plasma NfL levels were different between vascular dementia and vascular MCI, and between 
Parkinson’s disease- dementia and no dementia.
Conclusions: This pilot study shows that in subjects with DAT, plasma NfL levels increase. 
Plasma NfL level correlated with cognitive and functional status. Further longitudinal studies 
may help to apply the plasma NfL levels to AD, as a potential biomarker for the diagnosis and 
predicting progression.

Keywords: Alzheimer Disease; Neurofilament Proteins; Biomarkers; Plasma

INTRODUCTION

Alzheimer’s disease (AD), which has senile amyloid plaques and neurofibrillary tangle 
as pathologic hallmarks, begins with amyloid β (Aβ) production and aggregation, and 
hyperphosphorylation of tau.1 Currently, the validated core biomarkers of AD are based on 
imaging findings such as medial temporal atrophy on brain magnetic resonance imaging 
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(MRI),2 glucose hypometabolism on positron emission tomography (PET), and uptake of Aβ 
or tau aggregates on PET,3 or cerebrospinal fluid (CSF) findings reflecting brain amyloidosis 
(Aβ42), neurodegeneration (total tau), and tau pathology (phosphorylated tau).4 However, 
there has been a need for widely accessible, noninvasive, and inexpensive biomarkers to 
diagnose and monitor the AD progress. Blood tests may be considered good alternatives for 
AD neurodegeneration.

Neurofilament light chain (NfL), which is another axonal protein, is released into body fluids, 
such as the CSF or plasma when neurodegeneration-related axonal damage occurs.5,6 CSF NfL 
level showed abnormally increased in AD,7-9 and also correlated with cognitive impairment 
and hippocampal atrophy in patients with mild cognitive impairment (MCI),7 suggesting 
CSF NfL level may be a good candidate for the AD biomarker. Studies showed associations of 
neurodegenerative diseases with both levels of NfL in CSF and blood samples.6,10-13 MCI, AD, 
and other neurodegenerative disease causing dementia, including vascular dementia (VaD) 
and frontotemporal dementia (FTD), although nonspecifically, showed higher levels of NfL in 
plasma, as well as with that in CSF,14,15 suggesting that plasma NfL also is a promising biomarker 
for neurodegenerative diseases including AD.10-12 A recent report shows that plasma NfL could 
be considered as a neurodegeneration biomarker for the diagnosis of AD.12 Additionally, higher 
levels of plasma NfL correlated with lower performance of cognitive assessment, suggesting the 
possibility of NfL for predicting the cognitive deterioration and AD.12,16

We measured NfL levels in plasma samples of subjects with cognitive complaints, who meet the 
diagnostic criteria of MCI and dementia of Alzheimer type (DAT), as well as subjective cognitive 
decline (SCD). The present study, as a pilot study, will investigate the efficacy of plasma NfL 
levels for the early diagnosis and the quantification of the clinical severity of AD. In addition 
to the main cohort, plasma NfL levels were measured and analyzed also in some patients with 
cerebrovascular disease or Parkinson’s disease (PD) who visited the memory clinic.

MATERIALS AND METHODS

Patients and blood collection
After clinical evaluation, neurological examinations, laboratory tests, neuropsychological 
testing, and MRI, participants were categorized into three groups: SCD (n=14), MCI (n=37), 
and DAT (n=62). DAT patients in the present study were those who fulfilled the probable AD 
criteria proposed by the National Institute of Neurological and Communicative Disorders and 
the Stroke/Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA).17 The 
severity of dementia and general cognition were assessed using the clinical dementia rating 
(CDR) scale18 and the Mini-Mental State Examination (MMSE),19 irrespectively. MCI was 
diagnosed by Petersen’s criteria. Patients with MCI had normal daily living activities but an 
objective memory impairment, which means less than 1.5 standard deviation from the norm in 
at least one memory test.20,21 Diagnosis of SCD was made when there was a complaint of memory 
decline without objective neuropsychological test results.22,23 Patients who had other conditions 
that might cause cognitive impairment, such as hypothyroidism, vitamin B12 deficiency, 
syphilis, or prior history of major psychiatric illness (e.g., major depression, bipolar disorder, 
or schizophrenia) were excluded. We also excluded those with MRI signal abnormalities such as 
brain tumors, radiation injury, hippocampal sclerosis, and multiple sclerosis.
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In addition to the main study, blood samples of some, not many, patients with 
cerebrovascular disease or PD were also analyzed. Participants with cerebrovascular disease 
(n=10) were divided into vascular dementia (n=6) and vascular MCI (n=4) according to the 
National Institute of Neurological Disorders and Stroke–Association Internationale pour la 
Recherche et l'Enseignement en Neurosciences (NINDS-AIREN).24,25 PD patients (n=21) were 
included with the diagnosis proposed by the UK Parkinson’s Disease Society Brain Bank.26 
and further divided into PD-no dementia (n=11) and PD dementia (n=10). PD dementia was 
diagnosed with the criteria proposed by the Movement Disorder Society Task Force.27

Blood samples were collected into standard polypropylene EDTA test tubes (Sarstedt, Nümbrecht, 
Germany), followed by centrifugation; the obtained plasma samples were approximately 
portioned into 500 μL aliquots, frozen at −80°C, and kept frozen until the analyses.

The Institutional Review Board of the Catholic University of Korea, Eunpyeong St. Mary’s 
Hospital approved the study, and all participants or their caregivers gave their written consent 
before blood sampling.

MRI
All participants underwent a 3.0 Tesla brain MRI (Magnetom Vida; Siemens Healthcare, 
Erlangen, Germany), including susceptibility-weighted imaging, fluid-attenuated inversion 
recovery imaging, and T1-/T2-weighted imaging. The slice thickness was 5 mm without 
an interslice gap. For the severity of white matter hyperintensities (WMHs) on MRI, 
periventricular WMHs (PVHs) and deep WMHs (DWHs) were separately evaluated as 
proposed by the Clinical Research Center for Dementia of South Korea.28,29 Medial temporal 
atrophy (MTA) was rated in T1-weighted coronal images on a five-point scale (0–4 points) 
based on the width of the coronal fissure and the temporal horn and the height of the 
hippocampal formation.30

Subjects with severe WMHs or multiple (more than 5) lacunar infarctions, which is 
compatible with the Erkinjuntti’s brain imaging criteria for subcortical ischemic vascular 
dementia31 were excluded in the main study, comparisons among SCD, MCI and DAT. They 
had no previous stroke history and did not have focal neurological symptoms and signs.

PET acquisition and image analysis
The positron emission tomography/computed tomography (PET/CT) image was acquired 
for 30 minutes from 30 minutes after intravenous injection of 370 MBq (10 mCi) of F-18 
florapronol (Alzavue; FutureChem Pharma, Seoul, Korea) using a PET/CT scanner (Siemens 
Biograph Vision 600; Siemens Healthcare), and was interpreted only by a trained expert. 
The competency was confirmed individually by reviewing a series of test images. Image 
interpretation was performed regardless of the clinical characteristic of the patients. A 
negative scan is defined as a case in which the border between the grey matter and the 
white matter is observed as the degree of uptake by the grey matter is lower than the degree 
of uptake by the white matter in all areas of cerebral cortex. A negative scan may have the 
following characteristics: The white matter tract connecting the frontal lobe and the parietal 
lobe or the occipital lobe and the temporal lobe is observed clearly. The shape of finger is 
observed due to the uptake of the whiter matter of the frontal lobe. A positive scan is defined 
as a case in which the uptake by one or more cerebral cortical grey matter is the same as 
or more than that of the adjacent white matter. A positive scan may have the following 
characteristics: It is difficult to observe the white matter tract connecting the frontal lobe and 
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the parietal lobe or the occipital lobe and the temporal lobe. The uptake of the grey matter by 
the medial parietal lobe (precuneus) has increased.

Plasma NfL analysis using Quanterix single molecule array (SIMOA) technology
Samples from the stored aliquots were shipped to prismCDX Co., Ltd. (Hwaseong, Korea) 
for the analysis of phosphorylated NfL (pNfL) levels using a Simoa NF-light Advantage Kit 
(Quanterix, Billerica, MA, USA) with a Simoa HD-1 Analyzer (Quanterix), according to the 
manufacturer’s instructions (https://www.quanterix.com/resources/publications-posters). 
For calibration, a combination of monoclonal antibodies and purified bovine NfL was used. 
Concentrations of pNfL were measured, in units of pg/mL, while demographic and clinical data 
were blinded. Analytical sensitivity was <1.0 pg/mL. All samples tested were within the assay’s 
dynamic range, with the coefficient of variation ranging from 4.2% to 7.4% for measurement. 
The lower limit of quantification was 10.0 pg/mL, and the upper limit of quantification 
was 498.0 pg/mL. All samples were measured within the range spanned by the limits of 
quantification. The reliability of quantification was high (R2=0.999 of calibration curve).

Statistical analysis
Demographics and plasma NfL levels were compared between three diagnostic groups using 
the analysis of covariance (ANCOVA), adjusted for age, and followed by the Dunnett post hoc 
tests for multiple comparisons. The Shapiro-Wilk test was used to check for normality. The 
Mann-Whitney U test was performed to compare the NfL levels between Vascular MCI and 
VaD, between PD-no dementia and PD dementia, and between SCD participants with amyloid 
PET (+) and amyloid PET (−). The relationship between plasma NfL levels and age in the entire 
sample was evaluated by using Spearman correlation analysis. And then, a partial correlation 
was used to estimate the correlation coefficients and their significances for the relationships 
between plasma NfL levels, MMSE, CDR scores, and MRI findings, adjusted for age.

A p<0.05 (two-tailed) was considered statistically significant, and all the analysis was 
performed using the Statistical Package for the Social Sciences version 28.0 software 
program (IBM Corp., Armonk, NY, USA).

RESULTS

Plasma NfL levels in 3 diagnostic groups
Table 1 shows the clinical and demographic characteristics of the study participants. The 
mean age was 64.70±19.43 years in the SCD group, 77.14±6.09 years in the MCI group, and 
79.39±6.66 years in the DAT group (p<0.001). Although not significant, the MCI (n=31, 
83.8%) and DAT (n=45, 72.6%) groups had more females, compared to the SCD group, 
which had the same sex ratio (7 males and 7 females) (p=0.053). After adjusting for age, the 
duration of education in participants with SCD, MCI and DAT were 9.29±3.31 years, 7.46±4.93 
years, and 5.92±4.76 years respectively (p=0.339). As expected, significant differences in 
MMSE, CDR, and CDR-sum of boxes (CDR-SOB) scores were found across the three groups 
(all, p<0.001). Plasma NfL levels were increased in participants with DAT (65.98±84.96 pg/
mL) compared to both subjects, with SCD NfL levels being 16.90±2.54 pg/mL and MCI NfL 
levels being 25.53±10.42 pg/mL, even after adjusting for age (p=0.004) (Fig. 1A). Vascular risk 
factors such as hypertension, diabetes, and dyslipidemia, and presence of the apolipoprotein 
(APO) E4 genotype were not different across groups. However, amyloid PET positivity was 
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different between the three groups, with a borderline significance, 25.0% in SCD, 33.3% in 
MCI, and 76.9% in DAT (p=0.056). Plasma NfL levels were different between amyloid PET 
(−) and (+) groups. This difference was seen in the entire sample (PET [−], n=17, 25.95±13.25 
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Table 1. Characteristics of study participants with cognitive complaints, from SCD through MCI to DAT
Characteristics SCDa (n=14) MCIb (n=37) DATc (n=62) Total (n=113) p-value* Post hoc
Age (yr) 64.70±19.43 77.14±6.09 79.39±6.66 76.83±10.10 <0.001 a<c
Sex (female) 7 (50.0) 31 (83.8) 45 (72.6) 83 (73.5) 0.053
Education (yr) 9.29±3.31 7.46±4.93 5.92±4.76 6.85±4.77 0.339
MMSE 26.40±2.68 21.86±3.61 14.94±5.51 18.34±6.25 <0.001 a, b>c
CDR (median, IQR) 0.00±0.00 0.50±0.00 1.26±0.57 (1, 1–2) 0.92±0.62 (1, 0.5–1) <0.001 a, b<c
CDR-SOB (median, IQR) 0.07±0.19 (0, 0.0–0.0) 1.85±0.63 (2, 1.5–2.5) 7.93±3.18 (7.0, 6.0–10.0) 5.66±4.05 (5.0, 2.5–8.0) <0.001 a, b<c
NfL (pg/mL) 16.90±2.54 25.53±10.42 65.98±84.96 46.92±66.81 0.004 a, b<c
APOE4 genotype 4/13 (30.8) 11/34 (32.4) 13/46 (28.3) 28/93 (30.1) 0.827
MRI findings

MTA-R (minimum–maximum range) 0.92±1.08 (0–3) 1.41±0.93 (0–3) 2.44±1.04 (0–4) 1.91±1.16 (0–4) <0.001 a, b<c
MTA-L (minimum–maximum range) 1.25±1.06 (0–3) 1.60±1.95 (0–3) 2.54±0.93 (0–4) 2.06±1.08 (0–4) <0.001 a, b<c
PVH (minimum–maximum range) 1.46±0.88 (0–3) 2.00±0.72 (1–3) 2.30±0.76 (1–3) 2.09±0.80 (0–3) 0.027 a<c
DWH (minimum–maximum range) 1.23±0.60 (0–2) 1.50±0.81 (0–3) 1.70±0.82 (0–3) 1.58±0.80 (0–3) 0.571
Amyloid PET (+) 1/5 (20.0) 5/15 (33.3) 10/13 (76.9) 16/33 (48.5) 0.056

Vascular risk factors
Hypertension 6 (42.9) 24 (64.9) 44 (71.0) 74 (65.5) NS
Diabetes mellitus 2 (14.3) 10 (27.0) 22 (35.5) 34 (30.1) NS
Dyslipidemia 8 (57.1) 22 (59.5) 27 (43.5) 57 (50.4) NS
Ischemic heart disease 1 (7.1) 3 (8.1) 6 (9.7) 10 (8.8) NS

Data are presented as mean±standard deviation (or median, interquartile range, minimum–maximum range), or number (%) values.
SCD: subjective cognitive decline, MCI: mild cognitive impairment, DAT: dementia of Alzheimer type, MMSE: mini-mental state examination, CDR: clinical 
dementia rating, IQR: interquartile range, CDR-SOB: clinical dementia rating-sum of boxes, NfL: neurofilament light chain, APOE4: apolipoprotein E4, MRI: 
magnetic resonance imaging, MTA-R: medial temporal atrophy-right, MTA-L: medial temporal atrophy-left, PVH: periventricular hyperintensity, DWH: deep white 
matter hyperintensity, PET: positron emission tomography.
*p-value using the analysis of covariance for continuous data (or the χ2 test for noncontinuous data), adjusted for age, and followed by the Dunnett post hoc 
tests for multiple comparisons.
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Fig. 1. Comparison of plasma NfL levels in three groups (A), SCD, MCI, and DAT, and in 2 groups (B) between VaMCI and VaD, and between PDND and PDD. 
(A) NfL levels in plasma were significantly elevated in participants with DAT (65.98±84.96 pg/mL) compared to both groups with SCD (16.90±2.54 pg/mL) 
and MCI (25.53±10.42 pg/mL), even after adjusting for age (p=0.004). (B) By using the Mann-Whitney U test, plasma NfL levels were different between VaMCI 
(45.05±11.51 pg/mL) and VaD (109.54±62.14 pg/mL) (p=0.019), and between PDND (29.80±20.46 pg/mL) and PDD (46.16±13.56 pg/mL) (p=0.029). 
NfL: neurofilament light chain, SCD: subjective cognitive decline, MCI: mild cognitive impairment, DAT: dementia of Alzheimer type, VaMCI: vascular mild 
cognitive impairment, VaD: vascular dementia, PDND: Parkinson’s disease no dementia, PDD: Parkinson’s disease dementia. 
*Indicates significant difference between them (p<0.05) by Dunnett post hoc tests.
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pg/mL vs. PET [+], n=16, 63.65±81.90 pg/mL, p=0.010) and in the DAT group (PET [−], n=3, 
27.73±9.32 pg/mL vs. PET [+], n=10, 87.74±97.12 pg/mL, p=0.028).

Plasma NfL levels and clinical characteristics: association with MMSE and 
CDR association of plasma NfL levels with MMSE and CDR-SOB
Plasma NfL levels correlated with age (r=0.387, p<0.001). Even after adjusting for age, plasma 
NfL levels were related with MMSE (r=−0.242, p=0.021), CDR (r=0.291, p=0.005), and CDR-
SOB (r=0.276, p=0.008) scores for all the samples (Fig. 2). A positive correlation of plasma 
NfL levels with MRI findings, MTA, was found in the entire sample (r=0.227, p=0.023). 
Association of NfLs with PVHs by means of Spearman correlation (r=0.268, p=0.005) 
changed into unsignificant after adjusting for age (r=0.092, p=0.350).
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Fig. 2. Scatter plots and trend lines of the levels of plasma NfL according to MMSE and CDR, CDR-SOB of the study participants with cognitive complaints, SCD, 
MCI, and DAT. Partial correlations were used to estimate the correlation coefficients and their significances for the relationships, adjusted for age. Fit lines were 
presented using linear (full line) and quadratic (dotted line) methods. Plasma NfL levels showed the cognition- or function-related changes. 
NfL: neurofilament light chain, MMSE: mini-mental state examination, CDR: clinical dementia rating, CDR-SOB: clinical dementia rating-sum of boxes, SCD: 
subjective cognitive decline, MCI: mild cognitive impairment, DAT: dementia of Alzheimer type.
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According to CDR ratings, mean plasma NfL levels were different (p=0.019). Plasma NfL 
levels were 17.08±3.00 pg/mL in CDR 0 (n=6), 29.48±12.68 pg/mL in CDR 0.5 (n=42), 
61.36±79.79 pg/mL in CDR 1 (n=34), 86.99±112.51 pg/mL in CDR 2 (n=18), 46.83 pg/mL in 
CDR 3 (n=1) (Fig. 3). Correlation of NfL levels with CDR was significant in the entire sample 
and in participants with CDR-SOB <8 (n=84, r=0.322, p=0.010), but not in participants with 
CDR-SOB ≥8 (n=29, r=0.176, p=0.179).

Plasma NFL levels in other groups
Additionally, in a total of 31 subjects (10 with cerebrovascular disease and 21 with PD) who 
had cognitive assessments, plasma NfL levels were also measured. Clinically, subjects were 
sub-diagnosed as Vascular MCI (n=4), VaD (n=6), PD-no dementia (n=11), PD dementia 
(n=10). Plasma NfL levels were different between Vascular MCI (45.05±11.51 pg/mL) and VaD 
(109.54±62.14 pg/mL) groups (p=0.019), and between PD-no dementia (29.80±20.46 pg/mL) 
and PD dementia groups (46.16±13.56 pg/mL) (p=0.029) (Fig. 1B).

DISCUSSION

This pilot study showed differences in plasma NfL levels between three diagnostic groups of 
AD, suggesting that plasma NfL may be a useful diagnostic biomarker for the AD dementia 
stage. Plasma NfL levels inversely correlated with the global cognitive status measured by 
MMSE scores and directly correlated with the functional state, or the dementia severity 
measured by the CDR. Similar to previous studies and meta-analyses,10-14,32 we observed 
increased levels of plasma NfL in patients with DAT, compared to nondemented, SCD 
subjects. However, we did not see a difference in plasma NfL levels between SCD and MCI 
subjects at the post hoc analysis. In addition, there were also differences in plasma NfL levels 
between demented and not-demented states for patients with cerebrovascular disease and 
PD. Although the sample sizes were small, there were differences between VaMCI and VaD, 
and between PD-no dementia and PD dementia.
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Fig. 3. Mean plasma NfL levels according to CDR scores. 
Plasma NfL levels were 17.08±3.00 pg/mL in CDR 0 (n=6), 29.48±12.68 pg/mL in CDR 0.5 (n=42), 61.36±79.79 pg/
mL in CDR 1 (n=34), 86.99±112.51 pg/mL in CDR 2 (n=18), 46.83 pg/mL in CDR 3 (n=1), by using the Mann-Whitney 
U test (p=0.019). 
NfL: neurofilament light chain, CDR: clinical dementia rating.
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Increased NfL level correlated with axonal damage in the brain, especially in white matter 
and subcortical regions.33-35 Therefore, high levels of blood NfL were found not only in AD 
but also in other neurological disorders, such as amyotrophic lateral sclerosis,10 Guillain-
Barré syndrome,10 multiple sclerosis,36 FTD,37 spinal cord injury,38 and others, suggesting 
that NfL may be nonspecific. Increased blood levels of NfL were furthermore reported in 
neurodegenerative and neuroinflammatory disorders.39-41 Although PD patients already 
had higher levels of plasma NfLs compared to normal controls,42 the present study showed 
patients with PD dementia showed higher levels of NfL than PD-no dementia, which has 
been also reported previously.43 Considering that NfL levels may be a marker for white matter 
damage,44 patients with PD dementia are expected to show increased plasma NfL levels than 
PD-no dementia. Reduction of the gray matter volume, especially frontotemporal areas, 
might also increase NfL levels in patients with PD dementia.45,46 Patients with VaD may 
have multiple cerebral small vessel changes in the white matter.47-49 NfL levels, with some 
associations with PVHs in the present study, showed to be higher in VaD compared to AD in a 
previous meta-analysis.9 Those findings were observed also in both CSF and blood samples, 
and therefore, NfL levels could be used to differentiate patients with AD, VaD, and other 
neurodegenerative diseases causing dementia from healthy controls, which is suggestive of 
the usefulness of NfL for the diagnosis of many dementia diseases.8,9 Although NfL levels 
showed the high sensitivity for the diagnosis of AD and many different neurodegenerative 
dementia diseases (as well as neurodegenerative diseases themselves),8,9 the specificity for 
the AD diagnosis is lower than that of other validated biomarkers (e.g., Aβ42, t-tau).8

Plasma NfL level correlated negatively with MMSE score, and such an association has also 
been reported previously.50 In addition to MMSE score, NfL concentrations are found to 
correlate negatively with other assessment tools such as the Recognition Memory Test51 
and the cognitive subscale of the AD assessment scale.11,32,43,52 The present study showed 
a correlation with CDR, CDR-SOB, as well as MMSE. However, the correlation was more 
significant in CDR 0.5, CDR 1, and CDR 2 than in CDR 3, implying that the plasma NfL 
might not reflect subtle severity changes in advanced dementia with CDR 3. Severe dementia 
patients might not have reflected linear (dose-responsive) changes in plasma NfL levels, 
because their brains had already undergone severe axonal degeneration approaching plateau. 
However, these findings might be refuted or strengthened through further studies with more 
patients with CDR 3.

Bos et al. identified NfL as a strong predictor of cognitive decline across the clinical AD 
spectrum.53 Plasma NfL can be used as a noninvasive biomarker to track neurodegeneration 
and to predict the progression of AD. The NfL level is a dynamic biomarker that changes 
throughout the course of AD and is sensitive to progressive neurodegeneration.32 We also 
found that plasma NfL levels in participants with amyloid PET (+) were higher than those in 
amyloid PET (−) participants. Higher NfL level, assuming amyloid pathology, was different 
according to the cognitive stages, which result was concordant with the previous study 
showing the relationship of NfL in Mexican Americans with normal cognition, MCI, and 
dementia without biomarker confirmation.54

The present pilot study needs some improvements to overcome limitations. As mentioned 
earlier, DAT and MCI were diagnosed by using only the clinical criteria, without the 
confirmation of amyloid- or tau-related biomarkers. However, we tried to exclude patients 
who have other causes causing cognitive impairments than AD throughout careful history 
taking, neurological examination, blood tests, MRI, and so on. Moreover, there was also 
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a difference in NfL levels between amyloid PET (+) and (−), although not all participants 
performed amyloid PET. This pilot study, showing the difference of NfL levels across 
the clinical, cognitive spectrum, not in the biomarker-proven AD-continuum, would be 
augmented by further studies with biomarker confirmation. Second, the small sample size 
of each diagnostic group is another concern. We compared among three diagnostic groups 
of SCD, MCI, and DAT, and these results may serve as supplemental evidence for future 
clinical use of plasma NfL as a diagnostic biomarker. However, future studies with a big 
sample size including cognitively normal older adults will be beneficial. Although there 
were also differences in plasma NfL levels between Vascular MCI and VaD and between 
PD-no dementia and PD dementia in this study, we could not compare plasma NfL levels 
between more precisely subdivided groups such as MCI, DAT, Vascular MCI, VaD, PD-MCI, 
PD dementia, and all other neurodegenerative diseases. Third, the present study is cross-
sectional, but was not longitudinally followed up. Higher NfL level caused by increased 
neuronal damage could predict AD progression with further longitudinal studies, which can 
confirm the utility of plasma NfL as a prognostic biomarker for AD neurodegeneration.

Patient with higher NfL level can receive prompt treatment, because NfL levels might be an 
important biomarker to detect AD, other neurodegenerative dementia diseases, and VaD. 
However, its expression is detected among numerous neurodegenerative diseases. Rather 
than as a diagnostic biomarker, plasma NfL levels may be a potentially useful monitoring or 
prognostic biomarker for detecting changes in response to treatment.

REFERENCES

 1. Scheltens P, Blennow K, Breteler MM, de Strooper B, Frisoni GB, Salloway S, et al. Alzheimer’s disease. 
Lancet 2016;388:505-517. 
PUBMED | CROSSREF

 2. Jack CR Jr, Barnes J, Bernstein MA, Borowski BJ, Brewer J, Clegg S, et al. Magnetic resonance imaging in 
Alzheimer’s Disease Neuroimaging Initiative 2. Alzheimers Dement 2015;11:740-756. 
PUBMED | CROSSREF

 3. Laforce R Jr, Soucy JP, Sellami L, Dallaire-Théroux C, Brunet F, Bergeron D, et al. Molecular imaging in 
dementia: past, present, and future. Alzheimers Dement 2018;14:1522-1552. 
PUBMED | CROSSREF

 4. Blennow K, Zetterberg H. The past and the future of Alzheimer’s disease fluid biomarkers. J Alzheimers 
Dis 2018;62:1125-1140. 
PUBMED | CROSSREF

 5. Teunissen CE, Khalil M. Neurofilaments as biomarkers in multiple sclerosis. Mult Scler 2012;18:552-556. 
PUBMED | CROSSREF

 6. Bacioglu M, Maia LF, Preische O, Schelle J, Apel A, Kaeser SA, et al. Neurofilament light chain in blood 
and CSF as marker of disease progression in mouse models and in neurodegenerative diseases. Neuron 
2016;91:56-66. 
PUBMED | CROSSREF

 7. Zetterberg H, Skillbäck T, Mattsson N, Trojanowski JQ, Portelius E, Shaw LM, et al. Association of 
cerebrospinal fluid neurofilament light concentration with Alzheimer disease progression. JAMA Neurol 
2016;73:60-67. 
PUBMED | CROSSREF

 8. Olsson B, Lautner R, Andreasson U, Öhrfelt A, Portelius E, Bjerke M, et al. CSF and blood biomarkers for the 
diagnosis of Alzheimer’s disease: a systematic review and meta-analysis. Lancet Neurol 2016;15:673-684. 
PUBMED | CROSSREF

 9. Petzold A, Keir G, Warren J, Fox N, Rossor MN. A systematic review and meta-analysis of CSF 
neurofilament protein levels as biomarkers in dementia. Neurodegener Dis 2007;4:185-194. 
PUBMED | CROSSREF

https://doi.org/10.12779/dnd.2022.21.2.59

Plasma NfL in Alzheimer’s Disease

http://www.ncbi.nlm.nih.gov/pubmed/26921134
https://doi.org/10.1016/S0140-6736(15)01124-1
http://www.ncbi.nlm.nih.gov/pubmed/26194310
https://doi.org/10.1016/j.jalz.2015.05.002
http://www.ncbi.nlm.nih.gov/pubmed/30028955
https://doi.org/10.1016/j.jalz.2018.06.2855
http://www.ncbi.nlm.nih.gov/pubmed/29562534
https://doi.org/10.3233/JAD-170773
http://www.ncbi.nlm.nih.gov/pubmed/22492131
https://doi.org/10.1177/1352458512443092
http://www.ncbi.nlm.nih.gov/pubmed/27292537
https://doi.org/10.1016/j.neuron.2016.05.018
http://www.ncbi.nlm.nih.gov/pubmed/26524180
https://doi.org/10.1001/jamaneurol.2015.3037
http://www.ncbi.nlm.nih.gov/pubmed/27068280
https://doi.org/10.1016/S1474-4422(16)00070-3
http://www.ncbi.nlm.nih.gov/pubmed/17596713
https://doi.org/10.1159/000101843


68https://dnd.or.kr

 10. Gaiottino J, Norgren N, Dobson R, Topping J, Nissim A, Malaspina A, et al. Increased neurofilament light 
chain blood levels in neurodegenerative neurological diseases. PLoS One 2013;8:e75091. 
PUBMED | CROSSREF

 11. Lewczuk P, Ermann N, Andreasson U, Schultheis C, Podhorna J, Spitzer P, et al. Plasma neurofilament 
light as a potential biomarker of neurodegeneration in Alzheimer’s disease. Alzheimers Res Ther 
2018;10:71. 
PUBMED | CROSSREF

 12. Mattsson N, Andreasson U, Zetterberg H, Blennow KAlzheimer’s Disease Neuroimaging Initiative. 
Association of plasma neurofilament light with neurodegeneration in patients with Alzheimer disease. 
JAMA Neurol 2017;74:557-566. 
PUBMED | CROSSREF

 13. Lee EH, Kwon HS, Koh SH, Choi SH, Jin JH, Jeong JH, et al. Serum neurofilament light chain level as a 
predictor of cognitive stage transition. Alzheimers Res Ther 2022;14:6. 
PUBMED | CROSSREF

 14. Zhao Y, Xin Y, Meng S, He Z, Hu W. Neurofilament light chain protein in neurodegenerative dementia: a 
systematic review and network meta-analysis. Neurosci Biobehav Rev 2019;102:123-138. 
PUBMED | CROSSREF

 15. 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 | CROSSREF

 16. Weston PS, Poole T, Ryan NS, Nair A, Liang Y, Macpherson K, et al. Serum neurofilament light in familial 
Alzheimer disease: a marker of early neurodegeneration. Neurology 2017;89:2167-2175. 
PUBMED | CROSSREF

 17. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzheimer’s 
disease: report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and 
Human Services Task Force on Alzheimer’s Disease. Neurology 1984;34:939-944. 
PUBMED | CROSSREF

 18. Morris JC. The clinical dementia rating (CDR): current version and scoring rules. Neurology 
1993;43:2412-2414. 
PUBMED | CROSSREF

 19. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the cognitive 
state of patients for the clinician. J Psychiatr Res 1975;12:189-198. 
PUBMED | CROSSREF

 20. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive impairment: clinical 
characterization and outcome. Arch Neurol 1999;56:303-308. 
PUBMED | CROSSREF

 21. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, et al. Mild cognitive impairment--
beyond controversies, towards a consensus: report of the International Working Group on Mild Cognitive 
Impairment. J Intern Med 2004;256:240-246. 
PUBMED | CROSSREF

 22. Abdulrab K, Heun R. Subjective memory impairment. A review of its definitions indicates the need for a 
comprehensive set of standardised and validated criteria. Eur Psychiatry 2008;23:321-330. 
PUBMED | CROSSREF

 23. Stewart R. Subjective cognitive impairment. Curr Opin Psychiatry 2012;25:445-450. 
PUBMED | CROSSREF

 24. Román GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH, et al. Vascular dementia: 
diagnostic criteria for research studies. Report of the NINDS-AIREN International Workshop. Neurology 
1993;43:250-260. 
PUBMED | CROSSREF

 25. Stephan BC, Matthews FE, Khaw KT, Dufouil C, Brayne C. Beyond mild cognitive impairment: vascular 
cognitive impairment, no dementia (VCIND). Alzheimers Res Ther 2009;1:4. 
PUBMED | CROSSREF

 26. Gibb WR, Lees AJ. The relevance of the Lewy body to the pathogenesis of idiopathic Parkinson’s disease. J 
Neurol Neurosurg Psychiatry 1988;51:745-752. 
PUBMED | CROSSREF

 27. Emre M, Aarsland D, Brown R, Burn DJ, Duyckaerts C, Mizuno Y, et al. Clinical diagnostic criteria for 
dementia associated with Parkinson’s disease. Mov Disord 2007;22:1689-1707. 
PUBMED | CROSSREF

https://doi.org/10.12779/dnd.2022.21.2.59

Plasma NfL in Alzheimer’s Disease

http://www.ncbi.nlm.nih.gov/pubmed/24073237
https://doi.org/10.1371/journal.pone.0075091
http://www.ncbi.nlm.nih.gov/pubmed/30055655
https://doi.org/10.1186/s13195-018-0404-9
http://www.ncbi.nlm.nih.gov/pubmed/28346578
https://doi.org/10.1001/jamaneurol.2016.6117
http://www.ncbi.nlm.nih.gov/pubmed/34996525
https://doi.org/10.1186/s13195-021-00953-x
http://www.ncbi.nlm.nih.gov/pubmed/31026486
https://doi.org/10.1016/j.neubiorev.2019.04.014
http://www.ncbi.nlm.nih.gov/pubmed/31909174
https://doi.org/10.1016/j.dadm.2019.08.009
http://www.ncbi.nlm.nih.gov/pubmed/29070659
https://doi.org/10.1212/WNL.0000000000004667
http://www.ncbi.nlm.nih.gov/pubmed/6610841
https://doi.org/10.1212/WNL.34.7.939
http://www.ncbi.nlm.nih.gov/pubmed/8232972
https://doi.org/10.1212/WNL.43.11.2412-a
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/pubmed/10190820
https://doi.org/10.1001/archneur.56.3.303
http://www.ncbi.nlm.nih.gov/pubmed/15324367
https://doi.org/10.1111/j.1365-2796.2004.01380.x
http://www.ncbi.nlm.nih.gov/pubmed/18434102
https://doi.org/10.1016/j.eurpsy.2008.02.004
http://www.ncbi.nlm.nih.gov/pubmed/23037961
https://doi.org/10.1097/YCO.0b013e3283586fd8
http://www.ncbi.nlm.nih.gov/pubmed/8094895
https://doi.org/10.1212/WNL.43.2.250
http://www.ncbi.nlm.nih.gov/pubmed/19674437
https://doi.org/10.1186/alzrt4
http://www.ncbi.nlm.nih.gov/pubmed/2841426
https://doi.org/10.1136/jnnp.51.6.745
http://www.ncbi.nlm.nih.gov/pubmed/17542011
https://doi.org/10.1002/mds.21507


69https://dnd.or.kr

 28. Shim YS, Youn YC, Na DL, Kim SY, Cheong HK, Moon SY, et al. Effects of medial temporal atrophy and 
white matter hyperintensities on the cognitive functions in patients with Alzheimer’s disease. Eur Neurol 
2011;66:75-82. 
PUBMED | CROSSREF

 29. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal abnormalities at 1.5 T in 
Alzheimer’s dementia and normal aging. AJR Am J Roentgenol 1987;149:351-356. 
PUBMED | CROSSREF

 30. Scheltens P, Leys D, Barkhof F, Huglo D, Weinstein HC, Vermersch P, et al. Atrophy of medial 
temporal lobes on MRI in “probable” Alzheimer’s disease and normal ageing: diagnostic value and 
neuropsychological correlates. J Neurol Neurosurg Psychiatry 1992;55:967-972. 
PUBMED | CROSSREF

 31. Erkinjuntti T. Subcortical ischemic vascular disease and dementia. Int Psychogeriatr 2003;15 Suppl 1:23-26. 
PUBMED | CROSSREF

 32. Zhou W, Zhang J, Ye F, Xu G, Su H, Su Y, et al. Plasma neurofilament light chain levels in Alzheimer’s 
disease. Neurosci Lett 2017;650:60-64. 
PUBMED | CROSSREF

 33. Lycke JN, Karlsson JE, Andersen O, Rosengren LE. Neurofilament protein in cerebrospinal fluid: a 
potential marker of activity in multiple sclerosis. J Neurol Neurosurg Psychiatry 1998;64:402-404. 
PUBMED | CROSSREF

 34. Zanier ER, Refai D, Zipfel GJ, Zoerle T, Longhi L, Esparza TJ, et al. Neurofilament light chain levels in 
ventricular cerebrospinal fluid after acute aneurysmal subarachnoid haemorrhage. J Neurol Neurosurg 
Psychiatry 2011;82:157-159. 
PUBMED | CROSSREF

 35. Zetterberg H, Hietala MA, Jonsson M, Andreasen N, Styrud E, Karlsson I, et al. Neurochemical aftermath 
of amateur boxing. Arch Neurol 2006;63:1277-1280. 
PUBMED | CROSSREF

 36. Kuhle J, Barro C, Disanto G, Mathias A, Soneson C, Bonnier G, et al. Serum neurofilament light chain in 
early relapsing remitting MS is increased and correlates with CSF levels and with MRI measures of disease 
severity. Mult Scler 2016;22:1550-1559. 
PUBMED | CROSSREF

 37. Rohrer JD, Woollacott IO, Dick KM, Brotherhood E, Gordon E, Fellows A, et al. Serum neurofilament light 
chain protein is a measure of disease intensity in frontotemporal dementia. Neurology 2016;87:1329-1336. 
PUBMED | CROSSREF

 38. Kuhle J, Gaiottino J, Leppert D, Petzold A, Bestwick JP, Malaspina A, et al. Serum neurofilament light 
chain is a biomarker of human spinal cord injury severity and outcome. J Neurol Neurosurg Psychiatry 
2015;86:273-279. 
PUBMED | CROSSREF

 39. Kuhle J, Barro C, Andreasson U, Derfuss T, Lindberg R, Sandelius Å, et al. Comparison of three 
analytical platforms for quantification of the neurofilament light chain in blood samples: ELISA, 
electrochemiluminescence immunoassay and Simoa. Clin Chem Lab Med 2016;54:1655-1661. 
PUBMED | CROSSREF

 40. Steinacker P, Semler E, Anderl-Straub S, Diehl-Schmid J, Schroeter ML, Uttner I, et al. Neurofilament as a 
blood marker for diagnosis and monitoring of primary progressive aphasias. Neurology 2017;88:961-969. 
PUBMED | CROSSREF

 41. Gisslén M, Price RW, Andreasson U, Norgren N, Nilsson S, Hagberg L, et al. Plasma concentration of the 
neurofilament light protein (NFL) is a biomarker of CNS injury in HIV infection: a cross-sectional study. 
EBioMedicine 2015;3:135-140. 
PUBMED | CROSSREF

 42. Hansson O, Janelidze S, Hall S, Magdalinou N, Lees AJ, Andreasson U, et al. Blood-based NfL: a 
biomarker for differential diagnosis of parkinsonian disorder. Neurology 2017;88:930-937. 
PUBMED | CROSSREF

 43. 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;8:17368. 
PUBMED | CROSSREF

 44. Mattsson N. CSF biomarkers in neurodegenerative diseases. Clin Chem Lab Med 2011;49:345-352. 
PUBMED | CROSSREF

 45. Xu Y, Yang J, Hu X, Shang H. Voxel-based meta-analysis of gray matter volume reductions associated with 
cognitive impairment in Parkinson’s disease. J Neurol 2016;263:1178-1187. 
PUBMED | CROSSREF

https://doi.org/10.12779/dnd.2022.21.2.59

Plasma NfL in Alzheimer’s Disease

http://www.ncbi.nlm.nih.gov/pubmed/21778730
https://doi.org/10.1159/000329277
http://www.ncbi.nlm.nih.gov/pubmed/3496763
https://doi.org/10.2214/ajr.149.2.351
http://www.ncbi.nlm.nih.gov/pubmed/1431963
https://doi.org/10.1136/jnnp.55.10.967
http://www.ncbi.nlm.nih.gov/pubmed/16191213
https://doi.org/10.1017/S1041610203008925
http://www.ncbi.nlm.nih.gov/pubmed/28428015
https://doi.org/10.1016/j.neulet.2017.04.027
http://www.ncbi.nlm.nih.gov/pubmed/9527161
https://doi.org/10.1136/jnnp.64.3.402
http://www.ncbi.nlm.nih.gov/pubmed/20571038
https://doi.org/10.1136/jnnp.2009.177667
http://www.ncbi.nlm.nih.gov/pubmed/16966505
https://doi.org/10.1001/archneur.63.9.1277
http://www.ncbi.nlm.nih.gov/pubmed/26754800
https://doi.org/10.1177/1352458515623365
http://www.ncbi.nlm.nih.gov/pubmed/27581216
https://doi.org/10.1212/WNL.0000000000003154
http://www.ncbi.nlm.nih.gov/pubmed/24935984
https://doi.org/10.1136/jnnp-2013-307454
http://www.ncbi.nlm.nih.gov/pubmed/27071153
https://doi.org/10.1515/cclm-2015-1195
http://www.ncbi.nlm.nih.gov/pubmed/28179468
https://doi.org/10.1212/WNL.0000000000003688
http://www.ncbi.nlm.nih.gov/pubmed/26870824
https://doi.org/10.1016/j.ebiom.2015.11.036
http://www.ncbi.nlm.nih.gov/pubmed/28179466
https://doi.org/10.1212/WNL.0000000000003680
http://www.ncbi.nlm.nih.gov/pubmed/30478269
https://doi.org/10.1038/s41598-018-35766-w
http://www.ncbi.nlm.nih.gov/pubmed/21303297
https://doi.org/10.1515/CCLM.2011.082
http://www.ncbi.nlm.nih.gov/pubmed/27113603
https://doi.org/10.1007/s00415-016-8122-3


70https://dnd.or.kr

 46. Lee SH, Kim SS, Tae WS, Lee SY, Lee KU, Jhoo J. Brain volumetry in Parkinson’s disease with and without 
dementia: where are the differences? Acta Radiol 2013;54:581-586. 
PUBMED | CROSSREF

 47. Ogata J. Vascular dementia: the role of changes in the vessels. Alzheimer Dis Assoc Disord 1999;13 Suppl 
3:S55-S58. 
PUBMED | CROSSREF

 48. Pantoni L. Pathophysiology of age-related cerebral white matter changes. Cerebrovasc Dis 2002;13 Suppl 
2:7-10. 
PUBMED | CROSSREF

 49. Wallin A. The overlap between Alzheimer’s disease and vascular dementia: the role of white matter 
changes. Dement Geriatr Cogn Disord 1998;9 Suppl 1:30-35. 
PUBMED | CROSSREF

 50. Mattsson N, Andreasson U, Zetterberg H, Blennow KAlzheimer’s Disease Neuroimaging Initiative. 
Association of plasma neurofilament light with neurodegeneration in patients with Alzheimer disease. 
JAMA Neurol 2017;74:557-566. 
PUBMED | CROSSREF

 51. Weston PS, Poole T, O’Connor A, Heslegrave A, Ryan NS, Liang Y, et al. Longitudinal measurement 
of serum neurofilament light in presymptomatic familial Alzheimer’s disease. Alzheimers Res Ther 
2019;11:19. 
PUBMED | CROSSREF

 52. Jin M, Cao L, Dai YP. Role of neurofilament light chain as a potential biomarker for Alzheimer’s disease: a 
correlative meta-analysis. Front Aging Neurosci 2019;11:254. 
PUBMED | CROSSREF

 53. Bos I, Vos S, Verhey F, Scheltens P, Teunissen C, Engelborghs S, et al. Cerebrospinal fluid biomarkers of 
neurodegeneration, synaptic integrity, and astroglial activation across the clinical Alzheimer’s disease 
spectrum. Alzheimers Dement 2019;15:644-654. 
PUBMED | CROSSREF

 54. Hall JR, Johnson LA, Peterson M, Julovich D, Como T, O’Bryant SE. Relationship of neurofilament 
light (NfL) and cognitive performance in a sample of Mexican Americans with normal cognition, mild 
cognitive impairment and dementia. Curr Alzheimer Res 2020;17:1214-1220. 
PUBMED | CROSSREF

https://doi.org/10.12779/dnd.2022.21.2.59

Plasma NfL in Alzheimer’s Disease

http://www.ncbi.nlm.nih.gov/pubmed/23474765
https://doi.org/10.1177/0284185113476029
http://www.ncbi.nlm.nih.gov/pubmed/10609682
https://doi.org/10.1097/00002093-199912001-00009
http://www.ncbi.nlm.nih.gov/pubmed/11901236
https://doi.org/10.1159/000049143
http://www.ncbi.nlm.nih.gov/pubmed/9716242
https://doi.org/10.1159/000051187
http://www.ncbi.nlm.nih.gov/pubmed/28346578
https://doi.org/10.1001/jamaneurol.2016.6117
http://www.ncbi.nlm.nih.gov/pubmed/30786919
https://doi.org/10.1186/s13195-019-0472-5
http://www.ncbi.nlm.nih.gov/pubmed/31572170
https://doi.org/10.3389/fnagi.2019.00254
http://www.ncbi.nlm.nih.gov/pubmed/30853464
https://doi.org/10.1016/j.jalz.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/33605860
https://doi.org/10.2174/1567205018666210219105949

	Clinical Application of Plasma Neurofilament Light Chain in a Memory Clinic: A Pilot Study
	INTRODUCTION
	MATERIALS AND METHODS
	MRI
	PET acquisition and image analysis
	Plasma NfL analysis using Quanterix single molecule array (SIMOA) technology
	Statistical analysis

	RESULTS
	Plasma NfL levels and clinical characteristics: association with MMSE and CDR association of plasma NfL levels with MMSE and CDR-SOB
	Plasma NFL levels in other groups

	DISCUSSION
	REFERENCES


