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Plasma tau and neurofilament light chain as biomarkers of
Alzheimer's disease and their relation to cognitive functions
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ABSTRACT

diagnostic value for AD was limited.

Alzheimer's disease (AD) dementia 1s the most frequent cause of neurodegenerative dementia. The cognitive and be-
havioral symptoms associated with this disorder often have overlapping characteristics, potentially resulting in delayed
diagnosis or misdiagnosis. This study aimed to assess the level of peripheral blood neurofilament light chain (NfL)
and total tau (t-tau) protein in AD patients and investigate their relationship with cognitive impairment. The study
included 80 participants of both sexes between the ages of 60 to 85 years. The participants were divided into two
groups, consisting of 40 individuals in the control group (mean age 75£6.6 years) who had no cognitive or functional
impairments and 40 AD patients (mean age 74.98+5.03 years). This study utilized the DSM-5 diagnostic criteria for
major or mild neurocognitive disorder attributed to Alzheimer's disease (AD). The clinical and biochemical features
of all participants were documented, and the Alzheimer's disease Assessment Scale cognitive subscale (ADAS-cog)
scores were evaluated. Sandwich ELISA was employed to determine serum NfL and t-tau protein levels. The median
serum NfL and t-tau protein levels in AD patients were significantly higher than those of the controls (47.84 pg/ml
versus 17.66 pg/ml and 12.05 pg/ml versus 11.13 pg/ml, respectively). Age was positively correlated with NfL, t-tau
levels, and ADAS-cog. Although elevated NfL and t-tau protein levels may play a role in disease progression, their
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INTRODUCTION

Plasma neurofilament light (NFL) chain and total Tau (t-tau)
proteins have emerged as two potential biomarkers for the detec-
tion of Alzheimer's disease (AD) dementia. T-tau levels increase
in pathology-confirmed AD and are recognized as a neurode-
generation biomarker in contemporary AD dementia research
frameworks [1]. On the other hand, plasma NfL increases upon
neuronal injury and correlates with clinical progression and sur-
vival in AD syndromes [2,3].

Research has indicated that blood t-tau has limited diagnos-
tic potential for AD [4], whereas NfL in blood displays a signifi-
cant increase in AD dementia [2]. Furthermore, NfL tracks neu-
rofibrillary tangle load and cognitive decline [5,6]. Ultrasensitive
measurement technologies have shown that both plasma t-tau
and NFL have good/fair diagnostic accuracy in differentiating
cognitively healthy individuals from those with AD [7-9]. Addi-
tionally, both biomarkers are associated with a decline in cogni-

tive performance [2,6], cerebral atrophy [2,6,10], and hypome-
tabolism [2,6] during the prodromal and dementia phases of AD.

Limited data is available regarding the impact of critical bi-
ological factors, such as age and sex, on plasma NfL and t-tau
levels [11]. The objectives of this study were to (1) assess the level
of peripheral blood Nf. and t-tau protein in patients with AD
dementia, (2) investigate their relationship with cognitive impair-
ment (CI), and (3) compare the diagnostic value of plasma NfL
and t-tau for AD dementia.

MATERIAL AND METHODS

Study population

An observational case-control study was carried out at the
Ibn-Rushed Psychiatric Teaching Hospital, Baghdad, including
80 Iraqi participants of both sexes aged between 60 to 85 years.
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The participants were divided into two groups: 40 patients with
clinically diagnosed AD (mean age 74.98£5.03 years) referred by
a psychiatrist blinded to the biomarker results with no other psy-
chiatric disorders, and a control group consisting of individuals
without any psychiatric disorders.

The DSM-5 diagnostic criteria for major or mild neurocog-
nitive disorders attributed to AD dementia was used. Patients had
a positive family history of AD dementia with clear evidence of
a decline in memory and learning based on detailed history and
neurocognitive assessment by the Mini-Mental State Examina-
tion. In addition, the patients were well-established cases and had
been visiting the hospital regularly. Furthermore, AD dementia
patients had no evidence of mixed etiology (i.e., absence of other
neurodegenerative or cerebrovascular disease or another neuro-
logical, mental, or systemic disease or condition likely contribut-
ing to cognitive decline).

The other group represented the healthy control group,
comprising 40 age- and sex-matched subjects (mean age 751+6.6
years). They were functionally intact with no cognitive impair-
ment on the Mini-Mental State Examination. Individuals with
chronic diseases, such as autoimmune and neurodegenerative
disorders, were excluded from the study.

AD Assessment Scale-Cognitive Subscale Test

All the participants in the study were subjected to the same
study protocol and assessed by a psychiatrist with experience in ad-
ministering the Alzheimer's Disease Assessment Scale - Cognitive
Subscale (ADAS-cog) to evaluate cognitive function. The version
used in this study was the basic ADAS-Cog with 11 items. This
test takes about 30 minutes and is scored from 0 to 70: higher
scores indicate greater cognitive impairment (CI). The main ar-
eas of the cognitive domains evaluated are memory (50%), lan-
guage (28%), praxis (14%), and command understanding (8%).
A high score indicates poor performance [12].

Immunological assay

Three milliliters of venous blood samples were collected in
gel tubes in the morning, after 12-14 hours of fasting, from all
participants by a certified laboratory technician. The samples

were centrifuged at 3000 rpm for 10 minutes, and the result-
ing sera were frozen at -20°C until further processing. For the
quantitative measurement of NfLL and the t-tau protein, an en-
zyme-linked immunosorbent assay (ELISA) was used (Demeditec
Diagnostics/ Germany). The microtiter plate reader was set to
read at a wavelength of 450 nm.

Statistical analysis

The statistical analyses were conducted utilizing SPSS
software version 25.0 (SPSS, Chicago). Continuous data were
evaluated for normality using the Shapiro-Wilk test. Data that
exhibited normal distribution were presented as the mean and
standard deviation and were analyzed using an independent
t-test. For data that were not normally distributed, a natural log
transformation was applied and then converted to Z-scores, after
which an independent t-test was performed. Categorical vari-
ables were presented as numbers and percentages and analyzed
with the Chi-square test. To assess the discriminative ability of
NfL and t-tau proteins in distinguishing AD from controls, the
receiver operating characteristic curve (ROC) was utilized. A
combination of both biomarkers was used in the logistic regres-
sion model. The cut-off value with the highest sensitivity and
specificity was calculated according to Youden Index [13]. The
correlation of NfL, t-tau and ADSA-cog with age and BMI was
explored by Pearson’s correlation test after transforming the data
into Z-score. A probability equal to or less than 0.05 was consid-
ered significant.

RESULTS

Demographic characteristics of the study population

This study included 40 patients with AD and 40 healthy
controls. Patients had a mean age of 74.98%5.03 years, which
was not significantly different from the controls (75+6.6 years).
Similarly, the sex distributions of the two groups were compara-
ble, although females were more numerous among patients. The
mean BMI of patients with AD was 21.12£2.65 kg/m?, signifi-
cantly lower than the mean BMI of controls (26.14£3.37 kg/m?)

Table 1. Demographic data of the study population.

Study groups

Variable X R
AD dementia patients

Age at inclusion, years

Mean+SD 74.98+5.03

Range 67-85
Age at onset, years

Mean+SD 69.55+4.71

Range 62-79
Sex

Males 17 (42.5%)

Females 23 (57.5%)
BMI kg/m?

MeanSD 21.12+2.65

Range 15.97-26.38
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P-value
Controls
75.03£6.59
0.097
62-88
21(52.5%)
0.30
19(57.5%)
26.14+3.37
<0.001
19.22-32.03
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Table 1. Continued.

Study groups
Variable Ve P-value
AD dementia patients Controls
ADAS-cog
Mean+SD 48.73+7.8 4.95+1.61
<0.001
Range 38-68 2.0-8.0

AD - Alzheimer’s disease.

with a highly significant difference. In addition, patients with AD
exhibited a significantly higher ADAS-cog score than controls
(48.73£7.8 vs. 4.95+1.61), with a highly significant difference
(Table 1).

NfL and t-tau proteins

The mean Z-score of the natural log of serum level of t-tau
protein in patients with AD dementia was 0.35%0.11, significant-
ly higher than that of controls (-0.24£0.15) with a highly sig-
nificant difference. Similarly, patients with AD dementia showed
a significantly higher mean Z-score of the natural log of NfL
(0.26%0.14) than controls (-0.18£0.09) with a significant differ-
ence (Figure 1).

Diagnostic value of NfL and t-tau

The AUC for t-tau protein was 0.693 (95% CI: 0.572-0.813,
p=0.003). At a cut-off value of t-tau= 20.61 pg/ml, the sensitivi-
ty and specificity of the test were 0.68 and 0.57, respectively. The
AUC for NfL was 0.664 (95% CI:0.546-0.783, p=0.011). At a
cut-off value of NfLL.=11.21 pg/ml, the sensitivity and specificity
of the test were 0.68 and 0.52, respectively (Figure 2).

Combining the two markers increased the AUC (0.703,
95%CI= 0.584-0.822). The sensitivity and specificity of the
test at the above cut-off values were 75% and 60%, respectively
(Figure 3).

Correlation of ADAS-cog, NfL, and t-tau with age

We used Pearson's correlation to investigate the relationship
between NIL, t-tau, and ADAS-cog with age and BMI in the pa-
tient group. T-tau protein showed a significant positive correla-
tion with age (r=0.566, p<0.001), NfLL (r=0.608, p<0.001), and
ADAS-cog score (r=0.468, p=0.002). NfL. correlated positively
with age (r= 0.587, p<0.001) and ADAS-cog score (r=0.614,
p<0.001). The ADAS-Cog score correlated positively with age
(r=0.766, p<0.001) (Table 2).

DISCUSSION

The present study aimed to evaluate serum NfL and t-tau
proteins in individuals diagnosed with AD dementia and deter-
mine their relationship with ADAS-cog. The study revealed a sig-
nificantly higher ADAS-Cog score for patients with AD dementia
compared to controls, suggesting that AD patients have moderate
to severe cognitive impairment (CI) [14]. This result agrees with
numerous studies worldwide [15,16].

Moreover, patients with AD dementia had considerably
greater serum t-tau protein levels than controls, consistent with
the results of numerous international studies [17-19]. Increased
t-tau protein levels in cerebrospinal fluid (CSF) and plasma are
shown to predict neuronal axon degeneration or injury, and
higher t-tau protein levels of CSF were also reported in other
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Figure 1. Z-score of the natural log of NfL and t-tau proteins in AD patients and controls.
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Figure 2. ROC curve for NfL and t-tau and neurofilament in the context of discrimination between patients with AD and controls.
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Figure 3. ROC curve for the combination of NfL and t-tau and neurofilament in the context of discrimination between patients with AD

and controls.
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Table 2. Pearson’s correlation of NfL, t-tau, and ADAS-Cog with age and BMI in patients with AD.

t-tau NfL ADAS-cog
Variable - - =
Coefficient P-value Coefficient P-value Coefficient P-value
Age 0.566 <0.001 0.587 <0.001 0.766 <0.001
BMI -0.035 0.831 -0.136 0.403 -0.066 0.688
NfL 0.608 <0.001 = = = =
ADAS-Cog 0.468 0.002 0.614 <0.001 = =

ADAS-Cog - Alzheimer’s Disease Assessment Scale-Cognitive Subscale; NfL - Neurofilament light chain.

situations, such as neuronal death following stroke [20]. Several
studies have reported that plasma tau levels are a reflection of
brain tau levels [19-21] and that individuals diagnosed with AD
dementia exhibit markedly higher levels of plasma tau [22]. One
study demonstrated a relation between plasma tau levels and the
levels of t-tau or phosphorylated tau (p-tau), thereby emphasiz-
ing the usefulness of serum tau measurements for diagnosing
AD dementia [23]. Furthermore, a recent study revealed that
the levels of t-tau/AB1-42 in plasma are significantly predictive
of brain tau deposition and are associated with long-term alter-
ations in cerebral amyloid deposition, brain glucose metabolism,
and changes in hippocampal volume [24,25].

According to the current study, there was a positive correla-
tion between the ADAS-Cog score and serum t-tau level, consistent
with the results of a previous study conducted in the United States
[23]. A recent study indicated weakly significant relationships be-
tween serum t-tau levels and the Mini-mental State Examination
(MMSE) and Global Deterioration Scale [26]. Other studies re-
ported a strong correlation between elevated CSF tau protein in
AD dementia and cognitive decline [27,28]. In our study, a plasma
t-tau protein cutoff value of 20.61 pg/ml was found to predict
AD dementia (AUC=0.69, 68% sensitivity, and 57% specificity).
These findings were lower than those reported in an Indian study
(AUC=0.907, 86.49% sensitivity, and 89.74% specificity) [18] and
an American study (AUC=0.79; 76.7% sensitivity, and 81% speci-
ficity) [29], which stated that plasma t-tau protein is a predictor of
AD dementia independent of CSF tau protein. Concerning NfL,
its level was considerably elevated in patients with AD dementia.
The results of numerous studies, including those from the USA
[30] and China [31], reported a similar rise in patients with neu-
rodegenerative disorders. Nevertheless, NfL is not disease-specific,
with low predictability for AD dementia. Also, plasma NfL levels
were higher in individuals with mild CI or AD dementia than in
cognitively unimpaired individuals [32].

Conversely, a meta-analysis reported that the levels of NfLL
in both blood and CSF were unable to differentiate between AD
dementia and other conditions that are similar to it, such as vas-
cular dementia, dementia with Lewy bodies, Parkinson's disease
dementia, idiopathic normal pressure hydrocephalus, and poste-
rior cortical atrophy [33]. Elevated NfL levels may indicate the
occurrence of neuroaxonal damage, which leads to their release
into the extracellular space, and subsequently into the blood-
stream and CSFE. As a result, NfLL can provide real-time infor-
mation about neuroaxonal injury in the central nervous system
(CNS) [34]. Morcover, the increasing and more varied levels of
NfL in individuals >60 years imply a speeding up of neuronal
injury, which may be driven by subclinical comorbid pathologies
[35]. We found a positive relationship between serum NIL level
and poor cognition estimated by the ADAS-Cog scale. Studies
worldwide also noticed higher plasma NfL levels associated with
poor cognition, increased risk of cognitive stage transition, brain

atrophy, and brain hypo metabolism [32,36]. Additionally, it
was observed that in familial cases of AD dementia, the levels
of serum NfL were indicative of the rate of cognitive decline
and cortical thinning [37]. Contrary to these findings, other stud-
ies found a strong negative correlation between serum NfL and
cognitive measures in AD mutation carriers [38]. Considering
the diagnostic value of NfL, we identified that a cut-off value of
11.21 pg/ml was a poor predictor of AD dementia (AUC=0.66,
68% sensitivity, and 52% spectficity), which was lower than
that found by a German study (cut-off value of 25.7 pg/ml,
AUC=0.85, 84% sensitivity, and 78% specificity) [39]. Several
factors could account for this variation, including differences in
sample size and demographic characteristics of the patients.

CONCLUSION

To summarize, the study demonstrated that while serum
NIL and t-tau protein levels were higher in AD patients, they ex-
hibited poor diagnostic performance in distinguishing AD from
healthy controls. The study also found that age was significant-
ly associated with the occurrence of AD biomarkers, including
NfL, t-tau protein, and ADAS-Cog scores, suggesting that ad-
vanced age 1s a contributing factor to the increased prevalence
of AD biomarkers. These results have important implications for
the diagnosis and management of AD and underscore the need
for more reliable and sensitive diagnostic markers for this disease.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of interest.

Ethical approval

The study was approved by the institutional review board of
the College of Medicine, Al-Nahrain University (IRB 147: Date:
4/4/2021).

Consent to participate

The study ensured informed written consent from either the
patients or their first-degree relatives (if the patients were unable
to provide it). All protocols were carefully designed to minimize
patients' discomfort and to ensure their safety and well-being
during the study.

Data availability

All data generated or analyzed during this study are includ-
ed in this published article. The datasets used and/or analyzed
during the current study are available from the corresponding
author upon reasonable request.

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 2 FEBRUARY 2023



JOURNAL of MEDICINE =nd LIFE

Authorship

SSA contributed to the main idea and critical revision. FBH

contributed to data collection and statistical analysis. MMH con-
tributed to writing the draft. QSA-M contributed to the final crit-
ical revision.

REFERENCES

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 2 FEBRUARY 2023

Jack CR, Bennett DA, Blennow K, Carrillo MC, et al. NIA-AA Research
Framework: toward a biological definition of Alzheimer's disease. Alzheimers
Dement. 2018 Apr; 14(4): 535-562. doi: 10.1016/jjalz.2018.02.018.
Mattsson N, Andreasson U, Zetterberg H, Blennow K; Alzheimer’s Discase
Neuroimaging Initiative. Association of Plasma Neurofilament Light With
Neurodegeneration in Patients With Alzheimer Disease. JAMA Neurol. 2017
May 1;74(5):557-566. doi: 10.1001/jamaneurol.2016.6117.

Meeter LHH, Steketee RME, Salkovic D, Vos ME, ¢t al. Clinical value of
cerebrospinal fluid neurofilament light chain in semantic dementia. J Neurol
Neurosurg Psychiatry 2019 Sep; 90(9): 997-1004. doi: 10.1136/jnnp-2018-
319784.

Mattsson N, Zetterberg H, Janelidze S, Insel PS, e/ al. Plasma tau in
Alzheimer disease. Neurology. 2016 Oct; 87(17): 1827-1835. doi: 10.1212/
'WNL.0000000000003246.

Ashton NJ, Leuzy A, Lim YM, Troakes C, e al Increased plasma
neurofilament light chain concentration correlates with severity of post-
mortem neurofibrillary tangle pathology and neurodegeneration. Acta
Neuropathol Commun. 2019 Jan 9;7(1):5. doi: 10.1186/540478-018-0649-3
Mattsson N, Cullen NC, Andreasson U, Zetterberg H, Blennow K. Association
between longitudinal plasma neurofilament light and neurodegeneration in
patients with Alzheimer disease. JAMA Neurol. 2019 Jul 1; 76(7): 791-799.
doi: 10.1001/jamaneurol.2019.0765.

Molinuevo JL, Ayton S, Batrla R, Bednar MM, et al. Current state of
Alzheimer’s fluid biomarkers. Acta Neuropathol. 2018 Nov; 136(6): 821-853.
doi: 10.1007/500401-018-1932-x.

Hampel H, O’Bryant SE, Molinuevo JL, Zetterberg H, et al. Blood-based
biomarkers for Alzheimer disease: mapping the road to the clinic. Nat Rev
Neurol. 2018 Nov; 14(11): 639-652. doi: 10.1038/541582-018-0079-7.
Khalil M, Teunissen CE, Otto M, Piehl E et al. Neurofilaments as biomarkers
in neurological disorders. Nat Rev Neurol. 2018 Oct; 14(10): 577-589. doi:
10.1038/541582-018-0058-z.

Pase MP, Beiser AS, Himali ], Satizabal CL, et al. Assessment of plasma
total tau level as a predictive biomarker for dementia and related
endophenotypes. JAMA Neurol. 2019 May 1; 76(5): 598-606. doi: 10.1001/
Jjamaneurol.2018.4666.

Baldacci E Lista S, Manca ML, Chiesa PA, et al. Age and sex impact plasma
NFL and t-Tau trajectories in individuals with subjective memory complaints:
a 3-year follow-up study. Alzheimers Res Ther. 2020 Nov 12; 12(1):147. doi:
10.1186/513195-020-00704-4.

Kuhle J, Kropshofer H, Haering DA, Kundu U, e/ al. Blood neurofilament
light chain as a biomarker of MS disease activity and treatment
response. Neurology. 2019 Mar 5; 92(10):e1007-e1015. doi: 10.1212/
'WNL.0000000000007032.

Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its
associated cutoff point. Biom J. 2005 Aug; 47(4): 458-72. doi: 10.1002/
bimj.200410135.

Kueper JK, Speechley M, Montero-Odasso M. The Alzheimer's discase
Assessment  Scale-Coognitive Subscale (ADAS-Cog): Modifications and
Responsiveness in  Pre-Dementia  Populations. A Narrative Review. J
Alzheimers Dis. 2018; 63(2):423-444. doi: 10.3233/JAD-170991.

Torosyan N, Sethanandha C, Grill JD, Dilley ML, ¢/ al. Changes in regional
cerebral blood flow associated with a 45 day course of the ketogenic agent,
caprylidene, in patients with mild to moderate Alzheimer's disease: Results of’
a randomized, double-blinded, pilot study. Exp Gerontol. 2018 Oct 1;111:
118-121. doi: 10.1016/j.exger.2018.07.009.

Ulbl J, Rakusa M. The Alzheimer’s Disease Assessment Scale—Cognitive
Subscale (ADAS-Cog): Validation of Slovenian version for detecting mild
cognitive impairment or Alzheimer’s dementia. Alzheimer’s Dementia 2021;
17(S6): ¢056177. doi.org/10.1002/alz.056177

Grangeon L, Paquet C, Bombois S, Quillard-Muraine M, et al. Differential
Diagnosis of Dementia with High Levels of Cerebrospinal Fluid Tau Protein.
J Alzheimers Dis. 2016; 51(3): 905-13. doi: 10.3233/JAD-151111.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Shekhar S, Kumar R, Rai N, Kumar V, ¢/ al Estimation of Tau and
Phosphorylated Taul81 in Serum of Alzheimer's Disease and Mild Cognitive
Impairment Patients. PLoS One. 2016 Jul 26; 11(7): €0159099. doi: 10.1371/
journal.pone.0159099.

Mielke MM, Hagen CE, Xu J, Chai X, e/ al. Plasma phospho-taul81
increases with Alzheimer's disease clinical severity and is associated with tau-
and amyloid-positron emission tomography. Alzheimers Dement. 2018 Aug;
14(8): 989-997. doi: 10.1016/jjalz.2018.02.013.

Blennow K, Hampel H, Weiner M, Zetterberg H. Cerebrospinal fluid
and plasma biomarkers in Alzheimer disease. Nat Rev Neurol. 2010 Mar;
6(3):131-44. doi: 10.1038/nrneurol.2010.4.

Yanamandra K, Patel TK, Jiang H, Schindler S, ¢/ al. Anti-tau antibody
administration increases plasma tau in transgenic mice and patients with
Tauopathy. Sci Transl Med. 2017 Apr 19; 9(386): eaal2029. doi: 10.1126/
scitransimed.aal2029.

Mattsson N, Zetterberg H, Janelidze S, Insel PS, et al. ADNI Investigators.
Plasma tau in Alzheimer disease. Neurology. 2016 Oct 25;87(17):1827-1835.
doi: 10.1212/WNL.0000000000003246.

Tateb H, Kasai T, Ohminchi T, Kishi Y, e/ al. Quantification of plasma
phosphorylated tau to use as a biomarker for brain Alzheimer pathology:
Pilot case-control studies including patients with Alzheimer’s disease and
Down syndrome. Mol. Neurodegener. 2017;12:63.

Park JC, Han SH, Yi D, Byun MS, e/ al. Plasma tau/amyloid-f31-42 ratio
predicts brain tau deposition and neurodegeneration in Alzheimer's disease.
Brain. 2019 Mar 1;142(3):771-786. doi: 10.1093/brain/awy347.

Wegmann S, Bennett RE, Delorme L, Robbins AB, e/ al. Experimental
evidence for the age dependence of tau protein spread in the brain. Sci Adv.
2019 Jun 26;5(6):6404. doi: 10.1126/sciadv.aaw6404.

Nam E, Lee YB, Moon C, Chang KA. Serum Tau Proteins as Potential
Biomarkers for the Assessment of Alzheimer's disease Progression. Int J Mol
Sci. 2020 Jul 15;21(14):5007. doi: 10.3390/1jms21145007.

Chen S, Huang Y, Shen X, Guo Y, ¢ al. Longitudinal plasma phosphorylated
tau 181 tracks disease progression in Alzheimer’s disease. Transl Psychiatry
2021;11(1):356-356. doi.org/10.1038/541398-021-01476-7

Duits FH, Wesenhagen KE]J, Ekblad L, Wolters E, ¢t al. Four subgroups based
on tau levels in Alzheimer's disease observed in two independent cohorts.
Alzheimers Res Ther. 2021 Jan 4; 13(1): 2. doi: 10.1186/513195-020-00713-3.
Fossati S, Ramos Cejudo J, Debure L, Pirraglia E, ¢/ al. Plasma tau complements
CSF tau and P-tau in the diagnosis of Alzheimer's disease. Alzheimers Dement
(Amst). 2019 Jun 28;11:483-492. doi: 10.1016/j.dadm.2019.05.001.

Jack CR, Bennett DA, Blennow K, Carrillo MC, et al. NIA-AA Research
Framework: Toward a biological definition of Alzheimer's disease. Alzheimers
Dement. 2018 Apr;14(4):535-562. doi: 10.1016/j.jalz.2018.02.018.

Xiong YL, Meng T, Luo J, Zhang H. The Potential of Neurofilament Light
as a Biomarker in Alzheimer's disease. Eur Neurol. 2021;84(1): 6-15. doi:
10.1159/000513008.

Mattsson N, Andreasson U, Zetterberg H, Blennow K. Alzheimer’s Discase
Neuroimaging Initiative. Association of Plasma Neurofilament Light With
Neurodegeneration in Patients with Alzheimer Disease. JAMA Neurol. 2017
May 1;74(5): 557-566. doi: 10.1001/jamaneurol.2016.6117.

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 Nov 4; 11:730-
743. doi: 10.1016/j.dadm.2019.08.009.

Khalil M, Teunissen CE, Otto M, Piehl F, ¢t al. Neurofilament as biomarkers
in neurological disorders. Nat Rev Neurol. 2018; 14(10): 577-589.

Khalil M, Pirpamer L, Hofer E, Voortman e/ al. Serum neurofilament light
levels in normal aging and their association with morphologic brain changes.
Nat Commun. 2020; 10;11(1):812.

Lee EH, Kwon HS, Koh SH, Choi SH, ¢/ al. Serum neurofilament light chain
level as a predictor of cognitive stage transition. Alzheimers Res Ther. 2022
Jan 7;14(1):6. doi: 10.1186/513195-021-00953-x.

Preaches O, Schultz SA, Apel A, Kuhle ], et al. Dominantly Inherited Alzheimer
Network. Serum neurofilament dynamics predicts neurodegeneration and
clinical progression in presymptomatic Alzheimer's disease. Nat Med. 2019
Feb; 25(2): 277-283. doi: 10.1038/541591-018-0304-3.

Sanchez-Valle R, Heslegrave A, Foiani MS, Bosch B, e al. Serum neurofilament
light levels correlate with severity measures and neurodegeneration markers
in autosomal dominant Alzheimer's disease. Alzheimers Res Ther. 2018;
3;10(1):113.

Lewczuk P, Ermann N, Andreasson U, Schultheis C, ez al. Plasma neurofilament
light as a potential biomarker of neurodegeneration in Alzheimer's disease.
Alzheimers Res Ther. 2018 Jul 28; 10(1):71. doi: 10.1186/513195-018-0404-9.




