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Abstract
Background and purpose: We aimed to evaluate the accuracy of plasma neurofilament 
light	chain	(NfL)	in	predicting	Alzheimer's	disease	(AD)	and	the	progression	of	cognitive	
decline	in	patients	with	subjective	cognitive	decline	(SCD)	and	mild	cognitive	impairment	
(MCI).
Methods: This	 longitudinal	 cohort	 study	 involved	140	patients	 (45	with	SCD,	73	with	
MCI,	and	22	with	AD	dementia	[AD-	D])	who	underwent	plasma	NfL	and	AD	biomarker	
assessments	 (cerebrospinal	 fluid,	 amyloid	 positron	 emission	 tomography	 [PET],	 and	
18F-	fluorodeoxyglucose-	PET)	 at	 baseline.	 The	 patients	 were	 rated	 according	 to	 the	
amyloid/tau/neurodegeneration	 (A/T/N)	 system	 and	 followed	 up	 for	 a	 mean	 time	 of	
2.72 ± 0.95 years	 to	detect	progression	 from	SCD	to	MCI	and	 from	MCI	 to	AD.	Forty-	
eight	patients	(19	SCD,	29	MCI)	also	underwent	plasma	NfL	measurements	2 years	after	
baseline.
Results: At	baseline,	plasma	NfL	detected	patients	with	biomarker	profiles	consistent	with	
AD	(A+/T+/N+	or	A+/T+/N−)	with	high	accuracy	(area	under	the	curve [AUC]	0.82).	We	
identified	cut-	off	values	of	19.45 pg/mL	for	SCD	and	20.45 pg/mL	for	MCI.	During	follow-
	up,	nine	SCD	patients	progressed	to	MCI	(progressive	SCD	[p-	SCD]),	and	14	MCI	patients	
developed	AD	dementia	(progressive	MCI	[p-	MCI]).	The	previously	identified	cut-	off	val-
ues	provided	good	accuracy	in	identifying	p-	SCD	(80%	[95%	confidence	interval 65.69:	
94.31]).	 The	 rate	of	NfL	 change	was	higher	 in	 p-	MCI	 (3.52 ± 4.06 pg/mL)	 compared	 to	
non-	progressive	SCD	(0.81 ± 1.25 pg/mL)	and	non-	progressive	MCI	(−0.13 ± 3.24 pg/mL)	
patients.	A	rate	of	change	lower	than	1.64 pg/mL	per	year	accurately	excluded	progres-
sion	from	MCI	to	AD	(AUC 0.954).
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INTRODUC TION

Subjective	cognitive	decline	(SCD)	[1]	and	mild	cognitive	impairment	
(MCI)	[2]	are	considered	to	be	first	presentations	of	Alzheimer's	dis-
ease	(AD)	[3]	and	such	patients	represent	the	main	target	population	
for	 clinical	 trials	 and	 for	 the	 administration	 of	 upcoming	 disease-	
modifying	 therapies	 [4].	 Nevertheless,	 MCI	 and	 SCD	 are	 very	
common and heterogeneous conditions with several possible tra-
jectories	 and	many	potential	underlying	causes	 [5].	Neurofilament	
light	chain	(NfL),	a	component	of	the	neuronal	cytoskeleton	[6],	has	
recently	emerged	as	a	promising	blood-	based	biomarker	for	AD	[7,	
8].	Elevated	levels	of	plasma	NfL	have	been	observed	in	individuals	
with	SCD	[9],	MCI	 [10]	and	dementia	due	to	AD	(AD-	D)	 [10]	com-
pared to cognitively normal individuals, and longitudinal changes in 
NfL	are	related	to	changes	in	brain	atrophy	and	cognitive	outcomes	
in	AD	[10].	Previous	studies	demonstrated	that	blood-	based	NfL	had	
high accuracy in discriminating between neurodegenerative and 
non-	degenerative	cognitive	 impairment	 [11, 12]	and	 in	 forecasting	
the	progression	from	SCD	and	MCI	to	AD	[13, 14],	but	poor	accuracy	
when attempting to differentiate between patients with positive 
amyloid-	beta	(Aβ)	pathology	and	those	with	negative	Aβ pathology 
[12, 15, 16].	Nevertheless,	to	our	knowledge,	no	prior	studies	have	
investigated	the	accuracy	of	NfL	in	detecting	biological	AD,	defined	
as	the	combination	of	Aβ	and	tau	pathology,	in	individuals	with	SCD	
or	MCI.	Furthermore,	no	specific	cut-	off	values	have	been	proposed	
for	NfL	to	predict	AD	pathology	and	progression	to	AD	in	individuals	
with	SCD	and	MCI.	Finally,	the	clinical	meaning	of	NfL	level	change	
over	time	in	non-	demented	patients	has	been	poorly	explored	so	far	
[17,	18].	In	this	perspective,	we	hypothesized	that	plasma	NfL	level	
and	 its	change	over	time	may	mirror	the	underlying	AD	biomarker	
profile and predict the progression of cognitive decline.

MATERIAL S AND METHODS

Patients

We	 enrolled	 140	 consecutive	 patients	 (45	 SCD,	 73	MCI,	 22	 AD-	
D)	referred	to	the	Centre	for	Adult	Cognitive	Disorders	of	Careggi	
Hospital in Florence for assessment of cognitive decline, between 
July	2018	and	November	2022.	We	included	patients	who	met	the	
criteria	for	clinical	diagnosis	of	AD-	D	[19],	MCI	[2],	or	SCD	[1].	Exclu-
sion criteria were: history of head injury, current systemic and/or 
neurological	disease	other	than	AD,	major	depression	or	substance	
use	 disorder.	 At	 baseline,	 all	 patients	 underwent	 comprehensive	

clinical	assessment,	neurological	examination,	extensive	neuropsy-
chological	investigation	(as	described	in	detail	elsewhere	[20]),	and	
blood	collection	for	measurement	of	plasma	NfL	concentration	and	
apolipoprotein	E	(APOE) genotype analysis. We defined age at base-
line as age at the time of plasma collection, disease duration as time 
from	onset	of	symptoms	to	baseline	examination,	and	positive	fam-
ily	history	of	dementia	as	having	one	or	more	first-	degree	relatives	
with	documented	cognitive	decline.	Renal	function	was	categorized	
as either impaired or not impaired based on estimated glomerular 
filtration	 rate	 (eGFR;	 considered	 impaired	 if	<60 mL/min/1.73 m2).	
eGFR	was	 recorded	only	 in	patients	with	 impaired	 renal	 function.	
A	total	of	110	patients	(30	SCD,	60	MCI,	20	AD-	D)	underwent	cer-
ebrospinal	fluid	(CSF)	collection	for	Aβ42,	Aβ42/Aβ40,	total-	tau	(t-	tau)	
and	phosphorylated-	tau	(p-	tau).	Among	these,	28	patients	(16	SCD,	
9	MCI,	3	AD-	D)	also	underwent	cerebral	amyloid	positron	emission	
tomography	(PET),	and	93	patients	(23	SCD,	51	MCI,	19	AD-	D)	also	
underwent 18F-	fluorodeoxyglucose-	PET	brain	scan	(FDG-	PET).	Nor-
mal	 values	 for	CSF	biomarkers	were:	Aβ42 > 670 pg/mL,	Aβ42/Aβ40 
ratio > 0.062,	t-	tau < 400 pg/mL	and	p-	tau < 60 pg/mL	[21].	Compari-
sons	 between	 patients	who	 underwent	 amyloid-	PET	 and	 patients	
who did not are shown in Table S1.

Methods	 used	 for	 APOE	 genotyping,	 CSF	 collection	 and	 bio-
marker analysis, brain 18F-	FDG-	PET	 and	 amyloid-	PET	 acquisition	
and	rating	are	described	in	further	detail	elsewhere	[22, 23].

A	total	of	77	patients	 (30	with	SCD	and	47	with	MCI)	reached	
a	follow-	up	time	of	2 years	from	blood	collection	and	underwent	a	
new	neuropsychological	examination.	Blood	samples	were	collected	
from	48	of	these	(19	SCD,	29	MCI)	2 years	after	baseline	to	repeat	
the	NfL	measure.	 Comparisons	 between	 patients	who	 underwent	
NfL	 testing	at	 follow-	up	and	patients	who	did	not	are	 reported	 in	
Table S1.	Progression	to	MCI	and	to	AD	was	defined	according	to	
the	 National	 Institute	 on	 Aging-	Alzheimer's	 Association	 (NIA-	AA)	
criteria	[2, 19]	by	two	trained	neurologists	(S.M.	and	V.B.)	who	were	
blinded	to	the	plasma	NfL	results.

Standard protocol approvals

The study procedures and data analysis were performed in accord-
ance with the Declaration of Helsinki and with the ethical standards 
of	the	Committee	on	Human	Experimentation	of	our	Institute.	This	
study was approved by the Institutional Review Board of Careggi 
University	 Hospital	 (Florence,	 Italy,	 reference	 15691oss).	 All	 indi-
viduals involved in this research agreed to participate and to have 
details and results of the research about them published.

Conclusion: Plasma	 NfL	 concentration	 and	 change	 over	 time	 may	 be	 a	 reliable,	 non-	
invasive	tool	to	detect	AD	and	the	progression	of	cognitive	decline	at	the	earliest	stages	
of the disease.

K E Y W O R D S
Alzheimer's	disease,	biomarker,	dementia,	mild	cognitive	impairment,	neurofilament
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Plasma collection and NfL analysis

Blood was collected by venipuncture into standard polypropylene 
EDTA	test	tubes	(Sarstedt,	Nümbrecht,	Germany)	and	centrifuged	
within	2 h	at	1300	rcf	at	4°C	for	10 min.	Plasma	was	isolated	and	
stored	at	−80°C	until	testing.	Plasma	NfL	analysis	was	performed	
with	Simoa	NF-	Light	SR-	X	kit	(cat.	No.	103400)	for	human	samples	
provided	by	Quanterix	Corporation	(Lexington,	Massachusetts)	on	
the	 automatized	 Simoa	 SR-	X	 platform	 (GBIO,	Hangzhou,	 China),	
following	 the	 manufacturer's	 instructions.	 The	 lower	 limits	 of	
quantification	and	detection	provided	by	the	kit	were	0.316	and	
0.0552 pg/mL,	 respectively.	 More	 details	 about	 intra-	assay	 pre-
cision,	 control	 samples,	 inter-	assay	 precision	 and	 assay	 versions	
are	described	 in	Appendix	S1.	The	plasma	NfL	concentrations	 in	
all samples were detected in a single run. Quality controls with a 
low	NfL	concentration	of	5.08 pg/mL	and	a	high	NfL	concentration	
of	169 pg/mL	were	 included	 in	the	array	and	assessed	with	sam-
ples.	A	reference	calibration	curve	was	established,	and	duplicate	
measurements of serially diluted calibrators, 4×-	diluted	controls,	
and	samples	were	taken.	The	NfL	assay	results	are	consistent	with	
the	 expected	 values,	 exhibiting	 a	 coefficient	 of	 variation	 below	
20%.

Classification of patients according to the amyloid/
tau/neurodegeneration classification

Based on biomarker results, patients were classified according to 
the	NIA-	AA	Research	Framework	[24]	 (amyloid/tau/neurodegen-
eration	[A/T/N]	system).	Patients	were	rated	as	A+ if at least one 
of	the	amyloid	biomarkers	(CSF	or	amyloid	PET)	revealed	the	pres-
ence	of	Aβ	pathology,	and	as	A−	if	none	of	the	biomarkers	revealed	
the	presence	of	Aβ	pathology.	In	the	case	of	discordant	CSF	and	
amyloid	PET	 results,	we	considered	only	 the	pathological	 result.	
Patients were classified as T+	 or	T−	 if	CSF	p-	tau	concentrations	
were	higher	or	lower	than	the	cut-	off	value,	respectively.	Patients	
were	classified	as	N+ if at least one neurodegeneration biomarker 
was	positive	 (CSF	 t-	tau	higher	 than	 the	cut-	off	value	or	positive	
FDG-	PET).	Considering	our	sample	size,	to	avoid	too	small	groups,	
we	 considered	 the	T	 and	N	parameters	 together	 as	TN+ if they 
were T+	and/or	N+,	 and	TN−	 if	both	T	and	N	were	negative.	Fi-
nally,	we	defined	four	groups:	normal	AD	biomarkers	(A−/T−/N−),	
non-	AD	 pathological	 change	 (A−/TN+),	 Alzheimer's	 pathological	
change	 (A+,	 including	 A+/T−/N−	 patients	 and	 one	 patient	 with	
A+/T−/N+),	 and	AD	 (A+/T+/N+,	 including	A+/TN+	 and	A+/T+/
N+).

Statistical analysis

All	statistical	analyses	were	performed	using	IBM	SPSS	Statistics	
software	version	25	(SPSS	Inc.,	Chicago,	Illinois)	and	the	comput-
ing	environment	R4.2.3	 (R	Foundation	 for	Statistical	Computing,	

Vienna,	2013).	All	p	 values	were	 two-	tailed	 and	 the	 significance	
level for all analyses was set at p = 0.05.	Distributions	of	all	vari-
ables	were	assessed	using	the	Shapiro–	Wilk	test.	As	NfL	was	not	
normally distributed, we applied log10 transformation. This trans-
formation resulted in a more normally distributed dataset that met 
the assumptions of the statistical tests that we planned to use. We 
conducted descriptive statistics using means and standard devia-
tion	for	continuous	variables	and	frequencies	or	percentages	and	
95%	confidence	intervals	(CIs)	for	categorical	variables.	We	used	
the t-	test	for	comparison	between	two	groups,	one-	way	analysis	of	
variance	(ANOVA)	with	Bonferroni	post	hoc	test	for	comparisons	
among	three	or	more	groups,	Pearson's	correlation	coefficient	to	
evaluate	correlations	between	groups'	numeric	measures,	and	chi-	
squared	tests	to	compare	categorical	data.	To	adjust	for	possible	
confounding	 factors,	we	used	 analysis	 of	 covariance	 (ANCOVA).	
We	constructed	receiver-	operating	characteristic	curves	to	evalu-
ate	the	performance	of	plasma	NfL	 in	predicting	ATN	status	and	
progression of cognitive decline. We used the Youden method to 
determine	the	optimal	cut-	off	value	for	NfL	and	calculated	accu-
racy,	 sensitivity,	 specificity,	 positive	 predictive	 value	 (PPV),	 and	
negative	predictive	value	(NPV).	We	used	Kaplan–	Meier	survival	
analyses	with	 pairwise	 log-	rank	 to	 compare	 proportions	 of	 pro-
gression	of	cognitive	decline	among	groups.	We	used	Cox	regres-
sion	 analysis	 to	 ascertain	 that	 the	 effect	 of	 NfL	 on	 progression	
from	 SCD	 to	 MCI	 was	 independent	 from	 other	 covariates.	 The	
consistency	of	NfL	measures	over	time	was	computed	using	the	in-
traclass	correlation	coefficient	(ICC).	We	used	repeated-	measures	
ANOVA	to	 investigate	 the	effect	of	progression	of	cognitive	de-
cline	 and	 ATN	 status	 on	 the	 change	 in	 NfL	 concentration	 over	
time.	We	calculated	 the	size	effect	using	Cohen's	d for normally 
distributed numeric measures, η2	 for	ANOVA	and	Cramer's	V for 
categorical data.

RESULTS

Comparisons between groups

Neurofilament	 light	 chain	 levels	 were	 significantly	 different	 be-
tween	 the	SCD,	MCI	and	AD-	D	groups	 (F[2136] = 14.99,	p < 0.001,	
η2 = 0.181;	 Figure 1a).	 Demographic	 features	 and	 differences	
among	groups	are	summarized	in	Table 1.	A	patient	with	MCI	and	
two	patients	with	AD	had	impaired	renal	function	(eGFR 47.7 mL/
min/1.73 m2,	58.3 mL/min/1.73 m2,	53.0 mL/min/1.73 m2),	with	no	
differences in terms of proportion of renal impairment among the 
SCD,	 MCI	 and	 AD-	D	 groups.	 NfL	 concentration	 was	 correlated	
with	age	at	baseline	(Pearson = 0.549,	p < 0.001)	and	Mini-	Mental	
State	 Examination	 (MMSE)	 score	 (Pearson = −0.291,	 p = 0.001).	
There	were	 no	 differences	 in	NfL	 concentrations	 between	male	
and female participants (p = 0.222)	 or	 between	 APOEε4+ and 
APOEε4−	subgroups	 (p = 0.579).	The	significant	effect	of	diagno-
sis	 group	 (SCD,	MCI	 and	 AD-	D)	 on	NfL	 concentration	was	 con-
firmed	after	controlling	for	age,	education,	MMSE	score	and	APOE 
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genotype (F[2119] = 30.51,	p = 0.033,	partial	η
2 = 0.056;	Table S2a).	

As	the	SCD	group	 included	an	outlier	patient,	we	conducted	the	
comparison	 again	 after	 excluding	 this	 case.	 The	 difference	 be-
tween the groups remained significant (F[2137] = 14.23,	p < 0.001,	
η2 = 0.174).	Post	hoc	analysis	confirmed	the	differences	between	
SCD	and	MCI	 (p = 0.005),	SCD	and	AD	(p < 0.001),	as	well	as	be-
tween	MCI	and	AD	groups	(p = 0.006).

Biomarker profiles

Based	on	AD	biomarker	results,	patients	were	classified	as	follows:	
33	(30.0%)	A−/T−/N−	(14	SCD,	19	MCI);	11	(10.0%)	A−/TN+	(3	SCD,	
8	MCI);	12	(10.9%)	A+	(4	SCD,	7	MCI,	1	AD);	and	54	(49.1%)	ATN+ 
patients	(9	SCD,	26	MCI,	19	AD).	Demographic	features	and	differ-
ences	among	the	groups	are	summarized	in	Table 2.

F I G U R E  1 Log	neurofilament	light	chain	(logNfL)	levels	across	groups.	Values	quoted	in	the	y-	axis	indicate	LogNfL	levels.	Horizontal	
bars	indicate	significant	differences	between	groups.	(a)	Comparisons	between	diagnosis	groups:	subjective	cognitive	decline	(SCD)	versus	
mild	cognitive	impairment	(MCI;	p = 0.002,	Cohen's	d = 0.671);	SCD	versus	Alzheimer's	disease	(AD;	p < 0.001,	Cohen's	d = 1.394);	MCI	
versus	AD	(p = 0.010,	Cohen's	d = 0.723).	(b)	Comparisons	between	amyloid/tau/neurodegeneration	(A/T/N)	groups:	A−/T−/N−	versus	A−/
TN+ (p = 0.765,	Cohen's	d = 0.537);	A−/T−/N−	versus	A+/T−/N−	(p = 1.00,	Cohen's	d = 1.249);	A−/T−/N−	versus	A+ (p < 0.001,	Cohen's	
d = 1.562);	A−/T−/N−	versus	ATN+ (p < 0.001,	Cohen's	d = 1.562);	A−/TN+	versus	A+ (p = 1.00,	Cohen's	d = 0.394);	A−/TN+	versus	ATN+ 
(p < 0.001,	Cohen's	d = 1.419);	A+	versus	ATN+ (p < 0.01,	Cohen's	d = 1.419).	(c)	Comparisons	diagnosis/ATN	groups:	SCD/ATN−	versus	SCD/
ATN+ (p = 0.003,	Cohen's	d = 1.571,	MCI/ATN+ (p < 0.001,	Cohen's	d = 1.747);	SCD/ATN−	versus	AD	(p < 0.001,	Cohen's	d = 1.880);	MCI/
ATN−	versus	MCI/ATN+ (p < 0.001,	Cohen's	d = 1.343);	MCI/ATN−	versus	AD	(p < 0.001,	Cohen's	d = 1.476);	SCD/ATN−	versus	MCI/ATN−	
(p = 1.00,	Cohen's	d = 0,447);	SCD/ATN+	versus	MCI/ATN+ (p = 1.00,	Cohen's	d = 0.176);	MCI/ATN+	versus	AD	(p = 1.00,	Cohen's	d = 0.133).	
(d)	Comparisons	between	progression	groups:	non-	progressive	SCD	(np-	SCD)	versus	progressive	SCD	(p-	SCD)	(p = 0.428,	Cohen's	d = 0.729);	
np-	SCD	versus	non-	progressive	MCI	(np-	MCI)	(p = 0.020,	Cohen's	d = 0.846);	np-	SCD	versus	progressive	MCI	(p-	MCI)	groups	(p = 0.003,	
Cohen's	d = 1.250);	p-	SCD	versus	np-	MCI	(p = 1.00,	Cohen's	d = 0.117),	p-	SCD	versus	p-	MCI	(p = 1.00,	Cohen's	d = 0.521);	np-	MCI	versus	p-	
MCI	(p = 1.00,	Cohen's	d = 0.404).
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SCD MCI AD

N 45 73 22

Age	at	baseline 66.43	(9.12)a,b 71.26	(7.96)a 72.64	(7.12)b

Disease duration 4.61	(4.82) 3.63	(2.63) 3.85	(3.50)

Years of education 12.37	(3.59) 11.42	(4.33) 9.71	(5.53)

MMSE	score 27.51	(2.37)c 26.39	(2.11)d 19.23	(4.74)c,d

Sex:	female/male 29/16 48/25 11/11

Family	history	of	AD 73.81	(60.51:	7.11) 63.64	(52.03:	75.24) 52.94	(29.21:	76.67)

APOE ε4+ 23.81	(10.93:	36.69)e 39.73	(28.50:	50.95) 61.90	(41.13:	82.68)e

Impaired renal function 0 1	(1.37%) 2	(9.09%)

LogNfL	(pg/mL) 1.11	(0.22)f,g 1.21	(0.19)f,h 1.4	(0.12)g,h

Note:	Values	quoted	in	the	table	are	mean	(standard	deviation)	for	continuous	variables	and	
frequencies	or	percentages	(95%	confidence	interval)	for	dichotomic	variables.	Between-	group	
comparisons: analysis of covariance with Bonferroni post hoc. Categorical data comparisons: χ2 
test.	Size	effect:	Cohen's	d	for	continuous	measures,	Cramer's	V	for	categorical	data.	Statistical	
significance indicated by p < 0.05.Abbreviations:	AD,	Alzheimer's	disease;	APOE,	apolipoprotein	E;	
MCI,	mild	cognitive	impairment;	MMSE,	Mini-	Mental	State	Examination;	NfL,	neurofilament	light	
chain;	SCD,	subjective	cognitive	decline.
ap = 0.004,	Cohen's	d = 0.615.
bp = 0.023,	Cohen's	d = 0.702.
cp = 0.029,	Cohen's	d = 0.511.
dp < 0.001,	Cohen's	d = 2.829.
eχ2 = 8.77,	p = 0.003,	Cramer's	V = 0.47.
fp = 0.002,	Cohen's	d = 0.671.
gp < 0.001,	Cohen's	d = 1.394.
hp = 0.010,	Cohen's	d = 0.723.

TA B L E  1 Comparisons	among	
diagnosis groups.

TA B L E  2 Comparisons	among	amyloid/tau/neurodegeneration	groups.

A−/T−/N− A−/TN+ A+ ATN+

N 33 11 12 53

Age	at	baseline,	years 63.71	(8.47)a 69.61	(7.35) 66.73	(8.04) 72.08	(5.98)a

Disease duration, years 4.71	(4.41) 3.68	(2.87) 5.06	(4.69) 3.43	(3.08)

Years of education 12.33	(3.89) 11.82	(4.58) 11.25	(4.75) 12.00	(4.56)

MMSE	score 27.10	(2.26)b 26.54	(1.48) 25.14	(2.98) 23.95	(4.14)b

Sex:	female/male 23/10 6/5 8/4 29/24

Family	history	of	AD 69.70	(54.02:	85.38) 72.73	(46.41:	99.05) 50.00	(21.71:	78.29) 50.94	(37.48:	64.40)

APOE ε4+ 33.33	(17.25:	49.42)f 9.09	(0.00:	26.08)g 33.33	(6.66:	60.01) 61.54	(48.32:	74.76)f,g

Impaired renal function 0 1	(11.11%) 0 2	(14.29%)

LogNfL	(pg/mL) 1.09	(0.16)c 1.18	(0.14)d 1.11	(0.15)e 1.34	(0.16)c,d,e

Note:	Values	quoted	in	the	table	are	mean	(standard	deviation)	for	continuous	variables	and	frequencies	or	percentages	(95%	CI)	for	dichotomic	
variables.	Between-	groups	comparisons:	ANOVA	with	Bonferroni	post-	hoc.	Categorical	data	comparisons:	χ2	test.	Size	effect:	Cohen's	d for 
continuous	measures,	Cramer's	V	for	categorical	data.	Statistical	significance	accepted	at	the	p < 0.05.Abbreviations:	AD,	Alzheimer's	disease;	APOE,	
apolipoprotein	E;	A/T/N,	amyloid/tau/neurodegeneration;	MMSE,	Mini-	Mental	State	Examination;	NfL,	neurofilament	light	chain.
ap < 0.001,	Cohen's	d = 1.162.
bp < 0.001,	Cohen's	d = 0.949.
cp < 0.001,	Cohen's	d = 1.563.
dp = 0.015,	Cohen's	d = 1.026.
ep = 0.001,	Cohen's	d = 1.419.
fχ2 = 6.42,	p = 0.011,	Cramer's	V = 0.275;
gχ2 = 10.01,	p = 0.002,	Cramer's	V = 0.399.
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Detailed	distribution	of	CSF	biomarker	concentrations	and	fre-
quencies	of	positive	amyloid-	PET	and	FDG-	PET	as	well	as	compari-
sons between groups are reported in Table S3.	A	detailed	description	
of	the	methods	used	to	assess	Aβ pathology is reported in Table S4. 
Concordant	and	discordant	results	between	CSF	and	PET	are	shown	
in Table S5.

Distribution of NfL concentration across ATN groups

Neurofilament	light	chain	levels	differed	among	the	ATN	groups,	also	
after	 adjusting	 for	 age,	 education,	MMSE	and	APOE (F[3,	96] = 7.21,	
p < 0.001,	η2 = 0.184;	Table S2b).	Post	hoc	analysis	showed	that	ATN+ 
had	higher	NfL	levels	than	A−/T−/N−	(p < 0.001,	d = 1.562),	A−/TN+ 
(p = 0.015,	d = 1.026)	and	A+ (p = 0.001,	d = 1.419).	There	was	no	dif-
ference	between	A−/T−/N−	and	A−/TN+ (p = 0.765,	d = 0.537),	be-
tween	A−/T−/N−	and	A+ (p = 1.00,	d = 0.143)	or	between	A−/TN+ 
and	A+ (p = 1.00,	d = 0.394;	Figure 1b).	Based	on	these	results,	 for	
subsequent	analysis,	we	merged	A−/T−/N−,	A−/TN+,	and	A+ into an 
ATN−	group.

Distribution of NfL concentration across diagnosis/
ATN subgroups

To	explore	the	interaction	between	diagnosis	and	ATN	group	on	NfL	
concentration,	we	 classified	 patients	 according	 to	 diagnosis	 (SCD,	
MCI,	AD-	D)	and	ATN	classification	(ATN−,	ATN+).	As	only	one	AD-	D	
patient	was	ATN−,	we	did	not	split	the	AD-	D	group.	The	groups	con-
sisted	 of	 21	 SCD/ATN−,	 nine	 SCD/ATN+,	 33	MCI/ATN−,	 27	MCI/
ATN+,	and	20	AD-	D	patients.

The	 SCD/ATN−	 patients	 were	 younger	 than	 the	 SCD/ATN+ 
patients	(61.46 ± 6.92	vs.	71.06	vs.	7.63;	p = 0.002).	MCI/ATN−	pa-
tients	were	younger	 (67.95 ± 8.49	vs.	73.38 ± 5.56;	p = 0.004)	and	
had	lower	frequencies	of	APOEε4+	 (37.50%	vs.	66.67%,	χ2 = 9.31;	
p = 0.002)	than	MCI/ANT+ patients. There were no differences in 
neuropsychological	scores	between	SCD/ATN−	and	SCD/ATN+ pa-
tients	or	between	MCI/ATN−	and	MCI/ATN+ patients (Table S6).	
NfL	levels	were	significantly	different	between	the	diagnosis/ATN	
subgroups (F[5103] = 13.50,	p < 0.001,	η

2 = 0.396).	Differences	in	NfL	
concentration among the groups were also confirmed after con-
trolling	for	age,	MMSE	score,	MMSE	score	and	APOE (F[4,	95] = 6.95,	
p < 0.001,	partial	η2 = 0.226;	Table S2c).	Post	hoc	analysis	showed	
that	SCD/ATN−	patients	had	lower	NfL	concentrations	than	SCD/
ATN+ (p = 0.003,	d = 1.571),	MCI/ATN+ (p < 0.001,	d = 1.747)	 and	
AD-	D	 patients	 (p < 0.001,	 d = 1.880).	 MCI/ATN−	 had	 lower	 NfL	
concentrations	 than	 MCI/ATN+ (p < 0.001,	 d = 1.343)	 and	 AD-	D	
patients (p < 0.001,	 d = 1.476).	 There	 were	 no	 differences	 be-
tween	SCD/ATN−	and	MCI/ATN−	(p = 1.00,	d = 0.447)	or	between	
SCD/ATN+,	 MCI/ATN+,	 and	 AD-	D	 patients	 (p = 1.00,	 d = 0.133;	
Figure 1c).

Accuracy of plasma NfL in predicting ATN status

Neurofilament	 light	 chain	 showed	good	 accuracy	 in	 distinguishing	
between	ATN+	and	ATN−	patients	in	the	SCD	and	MCI	groups	(area	
under	 the	curve	 [AUC]	0.815	and	0.818,	 respectively).	 In	 the	SCD	
group,	a	cut-	off	of	19.45 pg/mL	yielded	the	maximum	Youden	index	
and	discriminated	ATN−	and	ATN+	patients	with	excellent	specific-
ity	(95.24%	[95%	CI 87.62:	100]),	good	PPV	and	NPV	(83.33%	[95%	
CI 70.00:	 96.67])	 but	 failed	 in	 sensitivity	 (55.56%	 [95%	 CI 37.77:	
73.34]).	 Similarly,	 in	 the	MCI	 group,	 a	 cut-	off	 of	 20.49 pg/mL	 had	
excellent	specificity	(93.94%	[95%	CI 87.90:	99.98]),	with	very	good	
PPV,	 fair	NPV	and	poor	 sensitivity	 (62.96%	 [95%	CI 50.74:	75.18]).	
Finally,	when	we	merged	 SCD	 and	MCI,	 a	 cut-	off	 of	 20.03 pg/mL	
yielded	the	maximum	Youden	index,	discriminating	ATN−	and	ATN+ 
patients	 with	 excellent	 specificity	 (94.44%	 [95%	 CI 89.71:	 99.18]),	
good	PPV,	fair	NPV	(78.46%	[95%	CI 69.97:	86.95])	and	poor	sensi-
tivity	(61.1%	[95%	CI 51.04:	71.18];	Figure 2).

Trajectories of cognitive decline over time and 
comparison between progression groups

During	follow-	up,	nine	(30%)	SCD	patients	progressed	to	MCI	and	
were	 classified	 as	 p-	SCD.	 Fourteen	 (29.79%)	 MCI	 patients	 devel-
oped	dementia	 (p-	MCI).	None	of	 the	 SCD	patients	 developed	de-
mentia.	Patients	who	did	not	progress	were	classified	as	np-	SCD	(21,	
70.00%)	and	np-	MCI	 (33,	70.21%).	The	p-	MCI	group	had	a	higher	
frequency	of	APOEε4+ (p = 0.037,	V = 0.244)	and	lower	MMSE	scores	
(p = 0.002,	d = 1.239;	Table 3)	 and	 in	 two	 tests	 for	 verbal	memory	
(Table S7).	There	were	no	differences	between	the	np-	SCD	and	p-	
SCD	groups	at	baseline	 in	demographic	features,	APOEε4+,	MMSE	
scores,	or	neuropsychological	scores.	Baseline	NfL	levels	were	sig-
nificantly different between patients who progressed and patients 
who	did	not	progress	 from	SCD	 to	MCI	or	 from	MCI	 to	dementia	
(F[5103] = 5.06,	 p = 0.003,	 η2 = 0.172).	 Post	 hoc	 analysis	 showed	
that	 the	np-	SCD	group	had	 lower	NfL	 concentration	 than	 the	np-	
MCI	 (p = 0.020,	d = 0.846)	 and	 p-	MCI	 groups	 (p = 0.003,	d = 1.250;	
Figure 1d).

Effect of NfL group on risk of progression of 
cognitive decline

We	classified	patients	according	to	the	previously	 identified	cut-	
off	 values	 (NfL− = lower	 than	 cut-	off	 values;	 NfL+ = higher	 than	
cut-	off	 value):	 seven	 (15.56%)	 SCD	 patients	 had	NfL	 concentra-
tions	higher	than	19.45 pg/mL	and	23	(31.51%)	MCI	patients	had	
NfL	concentrations	higher	than	20.49 pg/mL.	A	Kaplan–	Meier	sur-
vival	analysis	showed	a	higher	proportion	of	progression	from	SCD	
to	MCI	in	the	SCD/NfL+	group	(80.00%)	as	compared	to	SCD/NfL−	
(22.73%;	log-	rank	χ2 = 9.79,	p = 0.002).	There	was	no	difference	in	
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    |  7 of 13PLASMA NEUROFILAMENT LIGHT CHAIN PREDICTS AD

the	distribution	of	progression	from	MCI	to	AD	dementia	(log-	rank	
χ2 = 5.32,	 p = 0.25;	 Figure 3).	 To	 evaluate	 the	 effect	 of	 dichoto-
mized	NfL	on	the	rate	of	conversion	from	SCD	to	MCI,	adjusting	
for	possible	confounding	factors,	we	performed	Cox	proportional	
hazards	regression	analysis,	considering	progression	time	as	time	
and including age at baseline, years of education and APOE geno-
type as covariates (Table 4).	The	regression	model	was	significant	
(χ2 = 9.702,	p = 0.002)	and	NfL	group	was	the	only	significant	vari-
able (p = 0.007,	hazard	ratio 7.10).

Accuracy of plasma NfL in predicting progression of 
cognitive decline

In	the	SCD	group,	the	cut-	off	of	19.45 pg/mL	showed	good	accuracy	
(80.00%	 [95%	 CI 65.69:	 94.31])	 with	 excellent	 specificity	 (95.24%	
[95%	 CI 87.62:	 100]),	 good	 PPV	 and	 NPV	 (80.00%	 [95%	 CI 65.69:	

94.31]),	 but	 not	 acceptable	 sensitivity	 (44.44%	 [95%	 CI 26.66:	
62.23])	in	predicting	progression	to	MCI.	In	the	MCI	group,	NfL,	with	
the	cut-	off	value	of	20.49 pg/mL,	had	fair	specificity	(70.97%	[95%	
CI 57.71:	84.23])	and	NPV	(75.86%	[95%	CI 63.63−:88.10]),	but	not	
acceptable	sensitivity	and	PPV	(≤50%)	in	predicting	progression	to	
dementia (Table 5).

Change of NfL concentration over time

Forty-	eight	 patients	 (19	 SCD,	 29	MCI)	 underwent	 new	blood	 col-
lection	 for	NfL	measurement	2 years	 (T2)	 after	baseline	 collection	
(T1).	NfL	measures	were	highly	consistent	over	time	(ICC = 0.84	[95%	
CI 0.73:	0.91];	p < 0.001).	Considering	 the	whole	 sample,	 the	mean	
NfL	change	(ΔNfL)	was	1.13 ± 5.47 pg/mL	in	2 years	(0.71 ± 2.98 pg/
mL	per	year),	with	no	differences	between	SCD	and	MCI.	ΔNfL	was	
correlated	 with	 age	 at	 baseline	 (Pearson = 0.341,	 p = 0.017),	 while	

F I G U R E  2 Neurofilament	light	chain	(NfL)	accuracy	in	predicting	amyloid/tau/neurodegeneration	(A/T/N)	status.	Receiver-	operating	
characteristic	curves	for	accuracy	of	NfL	in	distinguishing	ATN−	and	ATN+	groups	in	SCD	and	MCI.	Colored	shapes	indicate	95%	confidence	
interval	(CI).	Cut-	off	values	estimated	by	Youden's	method.	Accuracy,	sensitivity,	specificity,	positive	predictive	value	(PPV)	and	negative	
predictive	value	(NPV)	are	expressed	as	percentages	(95%	CI).	AUC,	area	under	the	curve.
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there	was	no	effect	of	disease	duration,	education,	sex,	family	his-
tory	of	AD	dementia,	or	APOE	genotype	on	NfL	change.

Effect of ATN status and progression of cognitive 
decline on NfL over time

A	 repeated-	measures	 ANOVA	 showed	 a	 significant	 interac-
tion	 between	 change	 in	 NfL	 and	 progression	 of	 cognitive	 de-
cline (F[3,	 44] = 5.2,	 p = 0.032,	 η2 = 0.014),	 confirmed	 also	 after	
age-	adjustment	 (F[3,	 41] = 4.28,	 p = 0.010,	 η2 = 0.239;	 Table S2d).	
Post hoc analysis showed that this effect was significant between 
np-	SCD	and	p-	MCI	 (t = −4.32,	p < 0.001)	and	between	np-	MCI	and	
p-	MCI	(t = −2.93,	p = 0.033;	Figure 4a).	In	particular,	NfL	concentra-
tion	 showed	a	 change	of	1.63 ± 2.50 pg/mL	 (0.81 ± 1.25 pg/mL	per	
year)	 and	 of	 −1.39 ± 3.88 pg/mL	 (−0.13 ± 3.24 pg/mL	 per	 year)	 in	
np-	SCD	and	np-	MCI	respectively,	and	an	increase	of	7.05 ± 8.12 pg/
mL	(3.52 ± 4.06 pg/mL	per	year)	in	p-	MCI.	The	effect	of	ATN	status	
on	NfL	 change	 did	 not	 reach	 significance	 (F[1,	 31] = 2.80,	p = 0.056,	
η2 = 0.023).	 Nevertheless,	 when	 performing	 a	 post	 hoc	 analysis	
considering	 the	 ATN	 groups	 (A−/T−/N−,	 A−/TN+,	 A+,	 and	 ATN+),	
we	found	a	different	effect	on	NfL	change	between	A+	and	ATN+ 
(t = −3.15,	p = 0.024;	Figure 4b).	In	particular,	NfL	showed	a	decrease	
of	−1.94 ± 3.32 pg/mL	(−0.97 ± 1.66 pg/mL	per	year)	in	the	A+ group 
and	an	increase	of	3.07 ± 7.21 pg/mL	(1.53 ± 3.60 pg/mL	per	year)	in	
the	ATN+ group.

Diagnostic accuracy of NfL change rate in 
predicting the progression from MCI to AD dementia

We	tested	the	accuracy	of	NfL	change	rate	(ΔNfL/per	year)	 in	dis-
tinguishing	 between	 np-	MCI	 and	 p-	MCI:	 a	 cut-	off	 of	 1.64 pg/mL	
per	 year	 showed	 the	 highest	 Youden	 index,	 providing	 very	 good	
accuracy	 (92.86%	 [95%	CI 83.32:	 100],	 AUC 0.954)	with	 very	 high	
sensitivity	 (100%),	 specificity	 (91.30%	 [95%	 CI 80.87:	 100])	 and	
NPV	(100%)	 in	distinguishing	between	np-	MCI	and	p-	MCI.	Also	 in	
this	case,	PPV	was	fair	(71.43%	[95%	CI 54.70:	88.16]).	We	did	not	
perform	the	same	analysis	in	the	SCD	group	because	the	repeated-	
measures	ANOVA	did	not	show	a	significant	effect	of	progression	on	
NfL	change	in	this	group.

DISCUSSION

We	 showed	 that	 SCD	 and	MCI	 patients	 with	 biomarkers	 consist-
ent	 with	 AD	 had	 higher	 plasma	 NfL	 concentration	 than	 patients	
with normal biomarkers or with isolated amyloid pathology or with 
suspected	non-	AD	pathology.	We	identified	cut-	off	values	to	distin-
guish	ATN−	and	ATN+	with	very	good	accuracy	(19.45	and	20.49 pg/
mL	 in	SCD	and	MCI,	 respectively).	These	cut-	off	values	were	very	
close	 to	 the	 cut-	off	 value	 (20 pg/mL)	 identified	by	Simrén	et	 al.	 in	
a	 large	cohort	of	healthy	 individuals	 [25].	 In	particular,	we	demon-
strated	excellent	performance	in	identifying	patients	with	SCD	and	

TA B L E  3 Comparisons	among	progression	groups.

np- SCD p- SCD np- MCI p- MCI

N 21 9 33 14

Age	at	baseline,	years 66.44	(6.60) 68.20	(10.52) 71.04	(7.62) 73.57	(6.73)

Disease duration, years 4.76	(5.97) 4.24	(4.95) 3.56	(2.47) 2.84	(1.96)

Years of education 12.29	(4.23) 12.33	(3.32) 10.97	(4.11) 12.00	(4.09)

MMSE	score 27.61	(4.42)a 27.01	(2.42)b 26.61	(1.86)c 23.81	(3.05)a,b,c

Sex:	female/male 12/9 7/2 21/12 10/4

Family	history	of	AD 61.90	(41.13:	82.68) 77.78	(50.62:	100) 57.58	(40.71:	74.44) 35.71	(10.61:	60.81)

APOE ε4+ 20.00	(2.47:	37.53)f 50.00	(15.35:	84.65) 27.27	(12.08:	42.47)g 64.29	(39.19:	89.39)f,g

Impaired renal function 0 0 2	(6.06%) 0

LogNfL	(pg/mL) 1.10	(0.15)d 1.23	(0.26) 1.25	(0.19)e 1.32	(0.16)d,e

Note:	Values	quoted	in	the	table	are	mean	(standard	deviation)	for	continuous	variables	and	frequencies	or	percentages	(95%	CI)	for	dichotomic	
variables.	Between-	group	comparisons:	analysis	of	variance	with	Bonferroni	post	hoc.	Categorical	data	comparisons:	χ2	test.	Size	effect:	Cohen's	
d	for	continuous	measures,	Cramer's	V	for	categorical	data.	Statistical	significance	accepted	at	the	p < 0.05.Abbreviations:	APOE,	apolipoprotein	
E;	MMSE,	Mini-	Mental	State	Examination;	NfL,	neurofilament	light	chain;	np-	SCD,	non-	progressive	SCD;	p-	SCD,	progressive-	SCD;	np-	MCI,	non-	
progressive	MCI;	p-	MCI,	progressive	MCI.
ap = 0.003,	Cohen's	d = 1.14.
bp = 0.020,	Cohen's	d = 1.16.
cp = 0.006,	Cohen's	d = 1.11.
dp = 0.020,	Cohen's	d = 0.846.
ep = 0.003,	Cohen's	d = 1.250.
fχ2 = 10.040,	p = 0.002,	Cramer's	V = 0.457.
gχ2 = 4.36,	p = 0.037,	Cramer's	V = 0.244.
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MCI	not	associated	with	AD.	However,	the	ability	of	plasma	NfL	to	
detect	patients	with	AD	was	poor.

Additionally,	we	observed	that	differences	in	NfL	levels	among	
the	SCD,	MCI	and	AD	groups	ceased	to	be	apparent	when	we	strat-
ified	each	diagnostic	group	based	on	ATN	status.	Notably,	the	con-
centration	of	NfL	in	SCD	and	MCI	patients	within	the	ATN+ group 
did	 not	 differ	 from	 patients	 with	 dementia	 due	 to	 AD.	 This	 sug-
gests	 that	 these	differences	between	SCD,	MCI	and	AD	were	not	
driven by cognitive levels but rather by the underlying pathological 

substrate,	as	proposed	by	Giacomucci	et	al.	[26].	This	finding	is	par-
ticularly	interesting	for	SCD	patients	and	is	in	line	with	longitudinal	
studies	showing	that	blood	NfL	levels	increase	more	than	a	decade	
before the onset of clinical manifestations in carriers of amyloid pre-
cursor protein (APP),	presenilin	1	 (PSEN1)	and	presenilin	2	 (PSEN2)	
mutations	[17].

We	then	tested	whether	the	identified	cut-	off	values	were	also	
able	to	detect	progression	from	SCD	to	MCI	and	from	MCI	to	AD.	In	
this	case,	NfL	exhibited	a	high	prognostic	performance	in	excluding	

F I G U R E  3 Kaplan–	Meier	survival	analysis	for	comparison	of	distributions	of	progression	from	SCD	to	MCI	and	from	MCI	to	AD	between	
neurofilament	light	chain	(NfL)−	and	NfL+	groups.	For	patients	who	progressed,	follow-	up	time	indicates	the	time	of	progression.	Number	at	
risk and p	values	for	pairwise	log-	rank	comparisons	between	groups	are	reported.	Colored	shapes	indicate	95%	confidence	interval.
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Number 
at risk

B Wald p HR
95% CI 
(min: max)

Age	at	baseline −0.032 0.314 0.575 0.969 0.867:	1.082

Years of education −0.046 0.086 0.769 0.955 0.702:	1.299

MMSE	score 0.023 0.017 0.897 1.023 0.721:	1.452

APOE 0.595 0.421 0.516 1.814 0.301: 10.944

NfL	group 1.992 6.121 0.013 7.328 1.513: 35.506

Regression model: χ2 = 9.702,	p = 0.002

Note:	Regression	coefficients	(B),	Wald	coefficient,	p value (p),	hazard	ratio	(HR)	and	95%	
confidence	Intervals	(CI)	for	covariates	included	in	the	model,	and	χ2 and significance of the model 
are reported (significant differences at p < 0.05).Abbreviations:	APOE,	apolipoprotein	E;	MMSE,	
Mini-	Mental	State	Examination;	NfL,	neurofilament	light	chain.

TA B L E  4 Cox's	proportional	hazards	
regression analysis.
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10 of 13  |     MAZZEO et al.

progression	 from	SCD	 to	MCI	 over	 a	 span	of	 2 years.	However,	 it	
demonstrated a lack of sensitivity in identifying patients who would 
progress	to	either	MCI	or	AD.

Finally,	we	explored	the	change	in	NfL	concentrations	over	time.	
Overall,	NfL	concentration	increased	by	0.71 pg/mL	per	year,	in	line	
with	 previous	 reports	 [27].	We	 showed	 that	 the	 rate	 of	 increase	
was	higher	 in	patients	who	progressed	 from	MCI	 to	AD	dementia	
compared to patients who did not progress. In particular, the rate of 
increase	in	MCI	patients	who	progressed	to	dementia	was	approxi-
mately	3.5	times	higher	than	in	MCI	patients	who	remained	stable,	
consistent	with	a	previous	report	by	de	Wolf	et	al.	[18]	Moreover,	we	
showed	that	an	increase	lower	than	1.64 pg/mL	per	year	can	exclude	

progression	from	MCI	to	AD	with	high	accuracy,	in	line	with	a	previ-
ous	study	that	showed	that	the	rate	of	change	of	serum	NfL	was	able	
to discriminate carriers of a mutation in APP, PSEN1 or PSEN2 genes 
from	non-	carriers	[17].

Although	 the	 ANOVA	 comparing	 NfL	 changes	 among	 ATN	
groups revealed only a suggestive trend towards significance (likely 
due	to	the	limited	sample	size),	post	hoc	analysis	demonstrated	that	
the	 rate	of	 increase	was	more	pronounced	 in	patients	with	ATN+ 
status	compared	to	those	with	isolated	A+.	A	similar	trend	towards	
significance	was	 also	 observed	when	 comparing	NfL	 changes	 be-
tween	patients	with	normal	AD	biomarkers	 and	 those	with	ATN+ 
status.	Specifically,	NfL	levels	increased	in	both	the	ATN+	and	A−/

SCD MCI
Rate of change 
(MCI)

N 30 47 29

Cut-	off,	pg/mL 19.45 20.45 1.64

Accuracy,	%	(95%	C.I.) 80.00	(65.69:	94.31) 64.44	(50.46:	78.43) 92.	86	(83.32:	100)

Sensitivity,	%	(95%	C.I.) 44.44	(26.66:	62.23) 50.00	(35.39:	64.61) 100.00

Specificity,	%	(95%	C.I.) 95.24	(87.62:	100) 70.97	(57.71:	84.23) 91.30	(80.87:	10)

PPV,	%	(95%	C.I.) 80.00	(65.69:	94.31) 43.75	(29.26:	58.24) 71.43	(54.70:	88.16)

NPV,	%	(95%	C.I.) 80.00	(65.69:	94.31) 75.86	(63.63:	88.10) 100

Note:	Cut-	off	values	estimated	by	Youden's	method.	Accuracy,	sensitivity,	specificity,	PPV	and	NPV	
are	expressed	as	percentages	(95%	confidence	interval).
Abbreviations:	C.I.,	confidence	interval;	MCI,	mild	cognitive	impairment;	NPV,	negative	predictive	
value;	PPV,	positive	predictive	value;	SCD,	subjective	cognitive	decline.

TA B L E  5 Accuracy	of	neurofilament	
light chain concentration at baseline 
and rate of change in predicting the 
progression of cognitive decline.

F I G U R E  4 Change	in	log	neurofilament	light	chain	(logNfL)	distribution	by	progression	and	ATN	groups.	T1	and	T2	indicate	the	first	
and	second	blood	collection	for	plasma	NfL	measurement.	(a)	Effect	of	cognitive	decline	progression	on	logNfL	change:	F[3,44] = 5.2,	
p = 0.032,	η2 = 0.014.	Post	hoc	analysis:	non-	progressive	SCD	(np-	SCD)	versus	progressive	SCD	(p-	SCD)	(mean	difference = −0.18,	p = 0.214);	
np-	SCD	versus	non-	progressive	MCI	(np-	MCI)	(mean	difference = −0.13,	p = 0.223);	np-	SCD	versus	progressive	MCI	(p-	MCI)	(mean	
difference = −0.34,	p < 0.001);	p-	SCD	versus	np-	MCI	(mean	difference = 0.05,	p = 1.00);	p-	SCD	versus	p-	MCI	(mean	difference = −0.16,	
p = 1.00);	np-	MCI	versus	p-	MCI	(mean	difference = −0.21,	p = 0.033).	(b)	Effect	of	amyloid/tau/neurodegeneration	(A/T/N)	on	NfL	change:	
F[1,31] = 2.80,	p = 0.056,	η

2 = 0.213).	Post	hoc	analysis:	A−/T−/N−	versus	A−/TN+	(mean	difference = 0.00,	p = 1.00);	A−/T−/N−	versus	A+ 
(mean	difference = 0.05,	p = 1.00);	A−/T−/N−	versus	ATN+	(mean	difference = −0.18,	p = 0.077);	A−/TN+	versus	A+	(mean	difference = 0.05,	
p = 1.00);	A−/TN+	versus	ATN+	(mean	difference = −0.18,	p = 0.269);	A+	versus	ATN+	(mean	difference = −0.23,	p = 0.024).
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TN+	groups,	while	they	decreased	in	the	A−/T−/N−	and	A+ groups. 
In	future	studies,	an	expansion	of	our	sample	size	will	enable	us	to	
elucidate the interplay between pathological substrates and changes 
in	NfL	levels,	thus	providing	valuable	insights	for	the	interpretation	
of	repeated	NfL	measurements.

The	 high	 specificity	 of	 NfL	 in	 distinguishing	 between	 ATN+ 
and	ATN−	and	between	SCD	patients	who	progressed	and	those	
who	 did	 not	 progress	 to	MCI	might	 appear	 to	 be	 in	 contrast	 to	
the	 general	 assumption	 that	NfL	 is	 a	 highly	 sensitive	 but	 poorly	
specific	biomarker	[28].	 Indeed,	previous	studies	showed	low	ac-
curacy	 of	 NfL	 when	 distinguishing	 AD	 from	 other	 neurological	
diseases	[29].	By	contrast,	when	compared	to	cognitively	healthy	
individuals,	NfL	was	shown	to	be	the	most	accurate	blood-	based	
biomarker	[29].	Therefore,	our	results	may	suggest	that,	if	applied	
to unimpaired patients complaining of memory decline (in which 
other	 possible	 non-	degenerative	 causes	 have	 been	 ruled	 out	 by	
first-	line	 assessments),	 plasma	 NfL	 may	 be	 highly	 suggestive	 of	
underlying	AD.

It	 should	 be	 noted	 that	 patients	 with	 isolated	 Aβ biomarker 
positivity	 had	 the	 same	 NfL	 levels	 at	 baseline	 and	 showed	 the	
same	change	of	NfL	over	years	 as	patients	with	normal	AD	bio-
markers,	 in	 line	with	 previous	 reports	 [15, 16, 26]	 and	with	 the	
hypothesis	 raised	 by	 Benedet	 et	 al.	 [30]	 that	NfL	 concentration	
increases	when	Aβ pathology and tauopathy are associated. This 
evidence may have a relevant clinical implication in terms of the 
risk	of	AD	and	progression	to	dementia.	Indeed,	although	part	of	
the	AD	continuum,	 isolated	Aβ pathology is not sufficient to de-
fine	AD	[3]	and	is	associated	with	the	lowest	risk	of	AD	dementia	
[31].	In	this	regard,	it	would	also	be	interesting	to	conduct	a	more	
in-	depth	investigation	into	whether	the	distribution	of	NfL	in	this	
particular group is correlated with cognitive status. Unfortunately, 
because	our	current	 sample	size	was	 limited,	we	were	unable	 to	
perform	a	comprehensive	analysis	in	this	regard.	Nonetheless,	we	
have	aspirations	to	delve	into	this	aspect	more	extensively	in	our	
future studies.

Our	 study	 has	 several	 limitations.	 Firstly,	 the	 follow-	up	 time	
was relatively short, and only a subgroup of patients reached the 
2-	year	follow-	up	mark	for	a	new	neuropsychological	examination.	
Consequently,	the	group	of	patients	who	progressed	from	SCD	to	
MCI	was	notably	smaller	than	the	group	of	patients	who	remained	
stable, in accordance with rates of progression reported in previ-
ous	works	 [32, 33],	 and	potentially	 introducing	a	bias	 that	could	
impact	our	 results.	We	 intend	 to	prolong	 the	 follow-	up	duration	
to	confirm	the	pattern	we	have	currently	identified.	Secondly,	we	
did not include a sample of healthy controls. Thirdly, our study 
protocol	did	not	encompass	 factors	 that	are	 recognized	 to	 influ-
ence	NfL;	specifically,	we	did	not	collect	data	on	body	mass	index,	
and glomerular filtration rate was reported only for patients with 
impaired renal function. Furthermore, since there were only three 
patients with renal impairment, we refrained from conducting a 
comparison	of	NfL	levels	between	individuals	with	impaired	renal	
function and those without. Fourthly, tau pathology was assessed 
only	through	CSF	p-	tau,	potentially	leading	to	an	underestimation	

of	 positive	T	 frequencies.	 Lastly,	 not	 all	 the	 patients	 underwent	
amyloid-	PET	at	baseline	and	NfL	measurement	at	follow-	up.	Spe-
cifically, these final two points could potentially introduce signifi-
cant selection biases. To mitigate this potential bias, we conducted 
an analysis that demonstrated no notable differences between 
patients	who	underwent	amyloid-	PET	and	those	who	did	not,	as	
well	as	between	patients	who	received	NfL	measurements	during	
follow-	up	and	those	who	did	not.	However,	we	recognize	that	this	
does present a notable limitation of our study. In future research, 
we intend to address this limitation by conducting the necessary 
assessments that were initially missing.

Strengths	of	the	study	include	the	assessment	of	Aβ	by	both	CSF	
Aβ42	and	Aβ42/40	and	amyloid-	PET,	as	well	as	the	assessment	of	neu-
rodegeneration	by	CSF	 total-	tau	and	FDG-	PET.	 In	addition,	 this	 is	
one	of	 the	 few	studies	 [26, 31]	 that	 tested	plasma	NfL	 in	 an	SCD	
cohort.	Notably,	while	most	 studies	 assessed	 the	 accuracy	of	NfL	
in	detecting	Aβ	pathology	[15, 16],	we	classified	patients	according	
to	ATN	 status,	 also	 considering	 tau	 pathology	 and	 neurodegener-
ation	biomarkers.	Moreover,	 follow-	up	data	were	used	 to	 validate	
the	 performance	 of	 the	 identified	 cut-	off	 value	 also	 in	 predicting	
progression	 to	MCI	 and	dementia.	 Finally,	 our	 study	explores	one	
of	the	main	advantages	of	blood-	based	biomarkers:	as	they	are	non-	
invasive, their measurement can be repeated many times. In this 
sense,	our	study	adds	useful	information,	showing	that	the	NfL	tra-
jectory may accurately distinguish between patients who will prog-
ress to dementia and patients who will not.

In conclusion, our results have potential implications for the 
clinical	 management	 of	 patients	 with	 SCD	 and	 MCI.	 Individuals	
with	negative	NfL	levels	had	a	lower	risk	of	being	carriers	of	AD	and	
not	 progressing	 to	MCI	 or	 dementia.	 Therefore,	 they	may	 require	
monitoring for cognitive decline and investigation of other causes 
of	cognitive	decline.	In	contrast,	patients	with	NfL	levels	exceeding	
the	cut-	off	value	had	a	higher	risk	of	AD	and	cognitive	decline	pro-
gression.	In	the	era	of	disease-	modifying	therapies,	this	may	enable	
earlier identification of patients suitable for treatment in the earliest 
stages of the disease.
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