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We  examined  the utility  of  plasma  NFL as  a potential  biomarker  for MCI  and  AD.
Plasma  NFL  levels  were  significantly  different  between  diagnostic  groups.
The  overlap  of plasma  NFL  between  groups  limits  its  use  as  a diagnostic  biomarker.
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a  b  s  t  r  a  c  t

Plasma  neurofilament  light  (NFL)  levels  may  be a  marker  of  neuronal  injury.  We  examined  whether
plasma  NFL  might  be a potential  biomarker  for the prodromal  and  dementia  stages  of  AD.  Partici-
pants  included  193  cognitively  normal  (CN),  198  amnestic  mild  cognitive  impairment  (aMCI)  and  187
Alzheimer’s  disease  (AD) individuals  enrolled  in  the  Alzheimer’s  Disease  Neuroimaging  Initiative  (ADNI).
Plasma  NFL  levels  were  examined  by the  Single  Molecule  array  (Simoa)  technique.  Our  results  showed
significantly  increased  plasma  NFL levels  in  both  AD  (50.9 pg/ml)  and  aMCI  (43.0  pg/ml)  groups  compared
eurofilament light
iomarker
ild cognitive impairment

lzheimer’disease

to  CN  (34.7  pg/ml)  group  (both  p <  0.001),  but with  substantial  overlap  between  the  groups.  Plasma  NFL
levels  in  AD  group  was  also  markedly  increased,  compared  with  aMCI  group  (p  <  0.001).  Plasma  NFL  levels
were positively  associated  with  age  (r  =  0.355,  p <  0.001)  and  negatively  with global  cognition  (r  =  −0.355,
p  <  0.001)  in  all  subjects.  Our results  suggest  that  plasma  NFL levels  may  not  be  a useful biomarker  for
the  diagnosis  of  prodromal  and  dementia  stages  of AD.

©  2017  Elsevier  B.V.  All  rights  reserved.
Abbreviations: MMSE, Mini-Mental State Examination; CN, cognitively normal;
MCI, amnestic mild cognitive impairment; AD, Alzheimer’s disease; NFL, neurofil-
ment light.
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1. Introduction

Neurofilament light (NFL) is a putative marker of large-caliber
axonal degeneration, and increased NFL levels in cerebrospinal fluid
(CSF) appear to reflect neurodegeneration-related axonal injury
[15]. Levels of CSF NFL were found to be abnormally higher in
Alzheimer’s disease (AD) [6,10,11,13,16], and also related to cog-
nitive decline and hippocampal atrophy in subjects with mild
cognitive impairment (MCI)[16], suggesting that CSF NFL could be
a candidate biomarker for diagnosis and progression of MCI and
early AD. However, the CSF NFL may  not be practical or acceptable
for some elderly patients. Therefore, blood-based measurement of

NFL would be more desirable, since the collection of blood sample
is relatively more applicable and less invasive.

A recent study revealed that serum NFL levels in AD,  but not in
MCI, were significant higher than those of cognitively normal (CN)
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Table 1
Demographic and clinical data.

Characteristics CN
(n = 193)

aMCI
(n = 198)

AD
(n = 187)

P value

Age, years 75.7 (4.9) 74.5 (7.4) 75.5 (7.4) 0.4
Female sex, % 45.1 32.8 48.1 0.005
Education, years 16.0 (2.8) 15.8 (3.0) 14.7 (3.1) <0.001
W.  Zhou et al. / Neurosci

ubjects [1], suggesting that NFL levels in serum may  be a poten-
ial biomarker for AD diagnosis, but not for MCI. However, these
ndings should be interpreted with caution due to the small size of
tudy sample (MCI, n = 33) and the heterogeneity of MCI individuals
included both amnestic MCI  and non-amnestic MCI). In an effort to
eplicate the preliminary findings in previous study [1] and exam-
ne whether plasma NFL would be a potential diagnostic biomarker
or prodromal and dementia stages of AD, we assessed plasma NFL
evels in a large sample size of CN (n = 193), aMCI (n = 198) and
D (n = 187) individuals. We  also investigated the correlations of
lasma NFL with cognitive function and the clinical demographics

n these subjects.

. Methods

.1. Alzheimer’s disease neuroimaging initiative

Cross-sectional data used in this paper were extracted from
he Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
adni.loni.usc.edu) in January 2017. The ADNI was initiated in
003 by the National Institute on Aging, the National Institute of
iomedical Imaging and Bioengineering, the US Food and Drug
dministration, private pharmaceutical companies, and nonprofit
rganizations as a private partnership. The primary aim of the ADNI
as been to verify whether clinical and neuropsychological assess-
ent, neuroimaging and other biomarkers can be integrated to
easure the progression of MCI  and early AD. Participants have

een recruited from more than 50 sites in the USA and Canada.
urther information about ADNI can be found at http://www.adni-
nfo.org. The ADNI was conducted after institutional review board
pproval at each site. Written informed consent was obtained from
ll participants or their authorized representatives.

.2. Participants

Inclusive and exclusive criteria are described in details at http://
ww.adni-info.org. In brief, all individuals recruited in the ADNI

 were from 55 to 90 years old, having completed greater than or
qual to 6 years of education, with fluent spoken English or Spanish,
nd were free of any severe neurological diseases except AD. The
ognitively normal (CN) group had a score of at least 24 on the
ini-Mental State Examination (MMSE) and a score of 0 on the

linical Dementia Rating (CDR). The aMCI group had a score of 24 or
igher on the MMSE, a score of 0.5 on CDR, with objective memory

mpairment due to delayed recall scores of Logical Memory II (>1
D below normal mean), essentially preserved activities of daily
iving, and being not demented. The AD group met  the National
nstitute of Neurological and Communicative Disorders and Stroke
nd Alzheimer’s Disease and Related Disorders Association criteria
or probable AD, having a score of from 20 to 26 on the MMSE  and

 score of 0.5 or 1 on the CDR. Totally, 578 individuals (CN, n = 193;
MCI, n = 198 and AD, n = 187) were included in the present study,
ith available plasma NFL data from the ADNI 1.

.3. Plasma NFL data

Plasma NFL was examined by the Single Molecule array (Simoa)
echnique. The assay uses a combination of monoclonal antibodies,

nd purified bovine NFL as a calibrator. All samples were measured
n duplicate. Analytical sensitivity was <1.0 pg/ml. Values are pre-
ented as pg/mL. Further information about the methods can be
ound at adni.loni.usc.edu.
MMSE, score 29.1 (0.99) 26.9 (1.8) 23.3 (2.1) <0.001
Plasma NFL, pg/ml 34.7 (21.4) 43.0 (29.1) 50.9 (26.8) <0.001

2.4. Statistics analysis

Demographic and plasma NFL data were compared between
diagnostic groups using nonparametric tests (Kruskal-Wallis and
Mann-Whitney) for continuous variables (age, education, MMSE
score, plasma NFL) and Pearson’s X2 test for dichotomous variable
(gender). Spearman correlation analysis was  applied to examine
the relationships between plasma NFL and age, education, MMSE
score in the whole sample and within each diagnostic group.

3. Results

3.1. Sample characteristics

Table 1 shows the demographic and clinical data of the subjects
included in the study. No group difference in age was detected. The
aMCI group had fewer females than the other two study groups.
Participants with AD dementia had lower educational levels than
the other two groups. As expected, a significant difference in MMSE
scores was found across the three groups (AD < aMCI < CN, 23.3 vs.
26.9 vs. 29.1, p < 0.001). Continuous data are summarized as mean
(standard deviation).

P values tested by Pearson’s X2 test and Kruskal-Wallis test.

3.2. Plasma NFL levels in different diagnostic groups

NFL levels in plasma were significantly elevated in AD subjects
compared with both CN and aMCI subjects (Table 1 and Fig. 1). We
also found that plasma NFL levels were higher in aMCI subjects than
in CN subjects (Table 1 and Fig. 1).

3.3. Plasma NFL levels and clinical characteristics

To examine the sex difference in plasma NFL, NFL levels were
compared between males and females in the three groups. How-
ever, no sex difference in plasma NFL was  found in the all sample
or within any diagnostic group (Fig. 2).

To confirm the effect of age on plasma NFL levels, plasma
NFL levels were compared between participants who were
younger than 75.3 years and those who were 75.3 years or older
(dichotomized based on median; <75.3 years or ≥75.3 years) within
CN, aMCI and AD groups. Plasma NFL levels were increased in
participants who  were 75.3 years or older than those who were
younger than 75.3 years in each diagnostic group (all p < 0.001,
Fig. 3).

In addition, spearman correlation analyses were performed to
examine the relationships between plasma NFL levels and clini-
cal characteristics. Table 2 summarizes the relationships between
plasma NFL levels and age, education or MMSE score in all the
sample and within each diagnostic group. A positive correlation
between plasma NFL levels and age was  found in the entire sam-

ple and in each diagnostic group (all p < 0.001). No relationships
between plasma NFL levels and education were found in the entire
sample or in any diagnostic group (all p > 0.05). An inverse corre-
lation between plasma NFL levels and MMSE  scores was  found in

http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
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Fig. 1. Plasma NFL levels in different diagnostic groups. A significant difference in plasma NFL levels was found across the three groups (AD > aMCI > CN, 50.9 vs. 43.0 vs
34.7  pg/ml, all p < 0.001). Values are expressed in pg/ml. aMCI = amnestic mild cognitive impairment; AD = Alzheimer’s disease; NFL = neurofilament light. P values tested by
Mann-Whitney test.

Table 2
Correlations between Plasma NFL and clinical variables.

Group All subjects (n = 578) CN (n = 193) aMCI (n = 198) AD (n = 187)

R p R p R p R p

Age 0.355 <0.001 0.317 <0.001 0.436 <0.001 0.389 <0.001
Education −0.022 0.603 0.126 0.08 −0.015 0.838 −0.007 0.928
MMSE  −0.355 <0.001 0.07 0.334 −0.189 0.008 −0.219 0.003

Abbreviations: MMSE, Mini-Mental State Examination.
P values tested by Spearman correlation analyses.

Fig. 2. Comparison of plasma NFL in males and females with cognitively normal,
aMCI and AD. No sex difference in plasma NFL was found within any diagnostic
group (all p > 0.05). Values are expressed in pg/ml. aMCI = amnestic mild cognitive
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Fig. 3. Comparison of plasma NFL in individuals who  were younger than 75.3
years and those who  were 75.3 years or older with cognitively normal, aMCI
and AD. Plasma NFL levels were increased in participants who were 75.3 years
or  older than those who  were younger than 75.3 years in each diagnostic group
(all p < 0.001). Values are expressed in pg/ml. aMCI = amnestic mild cognitive
impairment; AD = Alzheimer’s disease; NFL = neurofilament light. NS = not signif-
mpairment; AD = Alzheimer’s disease; NFL = neurofilament light. NS = not signifi-
ant (p > 0.05). P values tested by Mann-Whitney test. The error bars represent
tandard deviation.

he entire sample, aMCI and AD groups (all p < 0.05), but not in CN
roup (p > 0.05).

. Discussion

In the present study, we examined the utility of plasma NFL as
 peripheral biomarker in the prodromal and dementia stages of
D. Our findings showed significantly different plasma NFL levels

etween diagnostic groups (AD > aMCI > CN) but with substantial
verlap between the groups, suggesting that plasma NFL levels
ay  not be a useful biomarker for the diagnosis of prodromal and

ementia stages of AD.
icant (p > 0.05). P values tested by Mann-Whitney test. The error bars represent
standard deviation.

To the best of our knowledge, there have been only two stud-
ies examining levels of blood NFL in AD patients, with inconsistent
results. The first study reported no significant differences in serum
NFL levels between AD patients and healthy controls after age was
adjusted [3]. More recently, Bacioglu et al. examined serum NFL
levels among subjects clinically diagnosed as CN, MCI  and AD. They
found that serum NFL levels were significantly increased in AD, but
not in MCI, compared with CN participants [1]. Additionally, there

was significant overlap in serum NFL levels between the groups.
Notably, the Bacioglu’s study had a small sample size including 35
CN, 33 MCI  and 34 AD and heterogeneous MCI  participants includ-
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ng both amnestic MCI  and non-amnestic MCI. In the current study,
e sought to replicate the previous findings in a larger sample, and

lso to differentiate amnestic from non-amnestic individuals with
CI. Our results showed significantly different plasma NFL levels

etween diagnostic groups (AD > aMCI > CN) but with substantial
verlap between the groups.

Our findings have several critical implications. First, this overlap
etween the groups reduces the possibility of utilizing plasma NFL
s a diagnostic test. However, further investigations are needed to
xamine whether plasma NFL may  be used as a preliminary screen-
ng test (for instance, perhaps together with other biomarkers in a
iomarker panel). Second, the higher NFL levels could be caused by
he increased neuronal damage, rather than a diagnostic biomarker.
urther longitudinal studies are needed to confirm the utility of
lasma NFL as a neuropathological or prognostic biomarker for
D. It also should be noted that abnormal NFL levels in blood
ere not only found in AD but also in other neurological disor-
ers, such as multiple sclerosis [8], clinically isolated syndrome [2],
myotrophic lateral sclerosis [3], frontotemporal dementia [12],
uillain Barré syndrome [3], spinal cord injury [9], and others, sug-
esting that blood NFL levels may  not be disease-specific. Finally,
he increase could be related with the aggravated neuronal dam-
ges associated with cognitive impairment severity, rather than a
iagnostic biomarker. Plasma NFL levels may  be a potentially useful
iomarker for detecting changes in response to treatment, rather
han a biomarker for diagnosis because of its expression detected
mong numerous neurodegenerative diseases. Further investiga-
ions are needed to clarify this matter.

In this study, we also found that plasma NFL was  positively
ssociated with age independent of diagnostic status. In agree-
ent with our findings, previous studies suggested that age was

orrelated with NFL levels in CSF [4,7,14], which were closely
elated with NFL levels in blood [3]. However, the mechanisms
nderlying this age-NFL association were largely unknown. Per-
aps it could be interpreted that the process of aging may  affect
he metabolism of NFL and axonal degeneration. Additionally, cere-
rovascular pathologies may  also be involved due to the fact that
erebrovascular changes were associated with both higher age and
FL levels [5]. Further investigations are warranted to clarify this
ssociation between age and NFL.

In our present study, plasma NFL was found to be associated
ith MMSE  score in the aMCI and AD, but not in CN subjects. A

eiling effect of MMSE  in cognitively normal elderly may  explain
his negative result. However, further studies with more sensi-
ive or comprehensive neuropsychological tests will be needed to
lucidate the exact relationship between plasma NFL levels and
ognition in cognitively normal elderly.

A few limitations should be noted. First, it would be better to
rovide the standard curve by using standard samples in our cur-
ent report, which may  prove the reliability of the Single Molecule
rray (Simoa) technique in detecting plasma NFL. Unfortunately,
he biomarker data in the ADNI datasets are from the different
abs, which have only provided the simple assay methods and
he results, without the exact experimental procedures. There-
ore, the plasma NFL levels displayed in our present report may
e inaccurate, which warrants further investigation to confirm
ur current findings. Second, plasma NFL levels were compared
etween diagnostic groups with nonparametric tests (Kruskal-
allis and Mann-Whitney) because of the non-normal distribution

f plasma NFL data. Therefore, potential covariates, such as age,
ere not adjusted. However, no significant difference in age was

ound between diagnostic groups in our study (Table 1), indicating

hat age was unlikely to confound our results.

In conclusion, our findings showed substantially different
lasma NFL levels between diagnostic groups (AD > aMCI > CN) but
ith significant overlap between the groups, indicating that plasma
etters 650 (2017) 60–64 63

NFL levels may  not be a useful biomarker for the diagnosis of pro-
dromal and dementia stages of AD.
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