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Abstract
In the present study, we investigated the differences in cerebrospinal fluid (CSF) orexin-A levels among patients with 
different neurocognitive disorders, such as mild or moderate to severe Alzheimer’s disease (AD; mAD, msAD, respec-
tively), behavioral variants of frontotemporal dementia (bv-FTD), non-fluent primary aphasia (NFPA), and idiopathic 
normal pressure hydrocephalus (iNPH). A total of 214 participants were evaluated (mAD, 45; msAD, 31; bv-FTD, 12; 
NFPA, 22; iNPH, 13; non-demented elderly controls, 91). The highest CSF orexin-A levels were found in iNPH patients 
(263.31 ± 56.89 pg/mL). Patients affected by NFPA (210.86 ± 61.99 pg/mL), iNPH, and msAD (173.04 ± 19.76 pg/mL) 
showed higher CSF orexin-A concentrations than controls (145.18 ± 27.01pg/mL) (p < 0.001). Bv-FTD (190.12 ± 100.84 
pg/mL) and mAD (130.76 ± 21.70 pg/mL) patients showed no significant differences in CSF orexin-A levels compared 
with controls. mAD patients showed also lower CSF orexin-A concentrations than all other patient groups.

In conclusion, orexin-A presents different CSF levels among neurocognitive disorders. The mechanisms underlying this 
difference vary and may include sleep-wake cycle impairment, behavioral disturbances, and CSF dynamics. The develop-
ment of drugs that antagonize the orexin system could open a new frontier of research linking orexin neurotransmission 
to neurocognitive disorders.

Keywords  Orexin-A · β-amyloid · Alzheimer’s disease · FTD · iNPH · tau · Dementia · Cognitive impairment

Received: 31 August 2024 / Accepted: 23 March 2025 / Published online: 8 April 2025
© The Author(s) 2025

Cerebrospinal-fluid Orexin-A levels in different neurocognitive 
disorders: a comparison study

Susana Lozano-Tovar1 · Riccardo Cremascoli2 · Marzia Nuccetelli3 · Giuseppe Sancesario4 · Stefania Cattaldo5 · 
Elisa Prina6 · Federico Verde6,7 · Simone Cappelli8 · Sergio Bernardini2 · Nicola Biagio Mercuri4,9 · Claudio Liguori4,9

1 3

https://doi.org/10.1007/s10072-025-08148-0
http://orcid.org/0000-0003-2845-1332
http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-025-08148-0&domain=pdf&date_stamp=2025-4-7


Neurological Sciences (2025) 46:3631–3638

Introduction

Orexin-A principally controls the sleep-wake cycle by main-
taining wakefulness, although other physiological functions 
can be regulated by the circadian brain level fluctuations of 
this neurotransmitter [1]. Accordingly, the orexin-A system 
participates in the regulation of various physiological func-
tions, including mood, stress, reward, eating, and cognition 
[1]. Orexin-A is released from the lateral hypothalamic 
neurons, which project to several brain regions [1]. The 
multifaceted functions of orexin-A are mediated by both 
widespread orexin projections and receptors distributed 
across the cortical, subcortical, and brainstem regions [1]. 
The orexin system has been principally reviewed in animal 
and human narcolepsy studies [2]. However, a role of orexin 
system in regulating cognitive performance has been docu-
mented [3]. Briefly, orexin system can interact with cholin-
ergic and non-cholinergic neurons in particular in regulating 
the response to salient stimuli as well as the mechanisms 
underlying attention [4–5]. Moreover, the orexin system, as 
a potent endogenous arousal-promoting system, can impact 
on memory processes since orexin neurons project diffusely 
to the hippocampus [6]. As a consequence, orexin system 
activity and function have been evaluated in neurological 
disorders featured by cognitive impairment and dementia 
[7–8]. In the past decade, cerebrospinal fluid (CSF) orexin-
A levels have been thus measured in patients with mild cog-
nitive impairment (MCI) and dementia, particularly those 
with Alzheimer’s disease (AD) and frontotemporal demen-
tia (FTD) [9–18]. Although in vivo studies have documented 
an increase in CSF orexin-A levels in patients with MCI and 
AD [9–11], undisputed evidence has not yet been achieved, 
and existing studies present conflicting results, since some 
of them are post-mortem studies and other reports included 
different other neurocognitive disorders not homogeneously 
classified according to the last published diagnostic criteria 
[12–14, 19]. Consistently, preliminary findings have failed 
to show any significant differences in CSF orexin-A levels 
between patients with FTD or idiopathic normal pressure 
hydrocephalus (iNPH) and controls [17, 20].

To better understand the clinical potential of the mea-
surement of CSF orexin-A levels in patients with neuro-
cognitive disorders and dementia, and considering the lack 
of studies in the literature comparing this biomarker in dif-
ferent dementias, in this retrospective study, we compared 
the orexin-A concentrations in CSF samples obtained from 
patients with AD, behavioral variant of FTD (bv-FTD), 
non-fluent primary aphasia (NFPA), and iNPH compared to 
a group of non-demented older controls.

Materials and methods

Participants

This multicenter study included patients retrospectively 
recruited from the Neurology Unit at the University Hospital 
of Rome Tor Vergata and the Units of Neurology and Neuro-
rehabilitation at the Istituto Auxologico Italiano of Piancavallo 
between January 2012 and December 2015. Patients with 
AD, bv-FTD, NFPA, and iNPH were included after complet-
ing clinical and instrumental diagnostic work-up, leading to a 
diagnosis based on the diagnostic guidelines for each disorder. 
All diagnoses were reviewed during the manuscript prepara-
tion (2024). Patients with AD met the criteria for AD diagnosis 
according to recently published clinical criteria [21]. Patients 
with AD were further divided into two subgroups based on 
the Mini-Mental State Examination (MMSE) score: mild 
AD (mAD, MMSE ≥ 21) and moderate-severe AD (msAD, 
MMSE < 21) [22]. Patients were considered as affected by the 
behavioral variant of FTD (bv-FTD) according to the Neary 
et al. consensus criteria [23]. Moreover, a group of patients 
diagnosed as affected by the NFPA was also included in the 
study [24]. iNPH was diagnosed according to the iNPH guide-
line criteria, based on the results of clinical and brain magnetic 
resonance imaging (MRI), and confirmed by a positive spinal 
tap test [25–26].

All patients underwent a diagnostic workup, including his-
tory taking, physical and neurological examination, laboratory 
tests, standard neuropsychological evaluation, brain MRI, and 
lumbar puncture (LP) for CSF analysis. Eligible patients were 
also required to fulfil the following inclusion criteria: CSF col-
lection performed in the morning, following a night of at least 
6 h of sleep, and confirmation of the diagnosis at follow-up vis-
its at each center. The exclusion criteria were as follows: intake 
of drugs active in the CNS at the time of LP; other neurological 
or psychiatric concomitant diseases; previous diagnosis of pri-
mary sleep disorders or other conditions interfering with sleep 
quality, such as chronic symptomatic obstructive pulmonary 
disease and epilepsy; history of brain trauma; and abnormal 
cell count (> 4 cells/mcL) in the CSF sample analysis.

The controls were inpatients in the same units who under-
went LP for diagnostic purposes, and their clinical and instru-
mental data excluded CNS or systemic diseases. Moreover, the 
controls did not present objective cognitive impairment, brain 
atrophy on MRI, or sleep disorders and were drug-free at the 
time of CSF collection.

All procedures conformed to the tenets of the Declaration of 
Helsinki. The study protocol was approved by the ethics com-
mittees of the University Hospital of Rome Tor Vergata and the 
Istituto Auxologico Italiano of Piancavallo, and all participants 
enrolled in the study provided written informed consent.
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LP and CSF analysis

The patients and controls underwent LP between 8:00 and 
10:00 am. Patients were punctured in the lateral position using 
atraumatic needles. The CSF was collected in polypropylene 
tubes using standard sterile techniques. Blood samples were 
obtained at the same time as the LP. Immediately following 
collection, CSF samples were stored on ice, sent to a local labo-
ratory, and processed within 1 h. The first CSF sample (4 mL) 
was used for routine analysis, while the second (6 mL) and 
the third (6 mL) samples, were centrifuged to eliminate cells 
and cellular debris immediately after collection, and stored 
at -80 °C until the analysis to assess CSF levels of total-tau 
(t-tau), phosphorylated-tau (p-tau), β-amyloid42 (Aβ42) (all in 
the second sample), and orexin-A (in the third sample).

CSF levels of Aβ42, t-tau, p-tau, and orexin-A 
measurement

The levels of t-tau, p-tau, Aβ42 were determined according to 
previously published standard procedures [27], using com-
mercially available sandwich enzyme-linked immunosor-
bent assays (ELISA) kits (Innotest β-Amyloid 1–42, Innotest 
h-T-tau, InnotestPhospho-T-tau 181; Innogenetics, Ghent, 
Belgium). CSF levels of orexin-A were also detected using a 
commercially available ELISA kit (Orexin-A A/Hypocretin-1 
EIA Kit; Phoenix Pharmaceuticals, Burlingame, CA, USA) 
[17].

Data analysis

Statistical analyses involved the Mann–Whitney U test, the 
Kruskal-Wallis test, and the analysis of covariance (ANCOVA), 
performed as appropriate. In the ANCOVA, we used CSF bio-
marker levels as the dependent variable, with group as the fixed 
factor, and age and sex as covariates. Post-hoc analysis was 
performed using Dunn’s test with the Bonferroni correction. 
Correlations between all variables and CSF orexin-A levels 
were separately analyzed using the Spearman correlation test 
in SPSS 25.

Results

Demographic and clinical data of AD, NFPA, bv-FTD, 
iNPH and controls

In total, 214 participants were evaluated and divided into 
different groups. Based on the diagnostic criteria used, the 
following groups were included: 76 patients with AD, 34 
with FTD (bv-FTD, 12; NFPA, 22), 13 with iNPH, and 
91 non-demented older controls. AD patients were further 

distributed in two groups based on the cognitive status 
measured by the MMSE: mAD, including 45 subjects and 
msAD, including 31 subjects. The groups did not differ in 
terms of age, except for the comparison between the msAD 
and control group (Supplementary Table 1). Considering the 
MMSE data, all groups of patients showed lower MMSE 
score than controls. Considering the comparison between 
patient groups, patients with mAD showed higher MMSE 
score than those with msAD and bv-FTD (Supplemen-
tary Table 2). Demographic and clinical data are shown in 
Table 1.

CSF levels of orexin-A in the different groups

The iNPH group showed the highest CSF orexin-A levels 
(mean -ME- =263.31 pg/ml), while the mAD group showed 
the lowest concentration (ME = 130.76 pg/ml) (Table  1; 
Fig. 1a). Therefore, ANCOVA was performed to compare 
CSF orexin-A levels between all groups included in the study 
using age and sex as covariates. The first results revealed 
that CSF orexin-A levels were significantly different among 
all groups (p < 0.001). Therefore, a post-hoc analysis was 
performed using Dunn’s test with Bonferroni correction. 
Considering the comparison between controls and each 
neurocognitive disorder group, CSF orexin-A levels were 
significantly higher in patients with NFPA (p < 0.001), iNPH 
(p < 0.001), and msAD (p < 0.001) than in controls (Table 2). 
There were no significant differences between mAD or bv-
FTD group and control group (Table 2).

Considering the comparison between groups of neuro-
cognitive disorders, mAD patients presented lower CSF 
orexin-A levels than msAD (p < 0.001), bv-FTD (p = 0.04), 
NFPA (p < 0.001), or iNPH (p < 0.001) patients. Moreover, 
the iNPH group had higher CSF orexin-A levels than the bv-
FTD group (p = 0.011). No other differences in CSF orexin-
A levels were found between groups (Table 2; Fig. 1A).

The CSF levels of orexin-A were also compared between 
males and females in all groups, and statistically significant 
differences were found only in the control group in which 
males presented higher CSF orexin levels than females 
(Table 3).

CSF levels of Aβ42, t-tau and p-tau in the different 
groups

CSF concentrations of Aβ42, t-tau and p-tau were measured 
in all groups (Table 1). The results of the statistical analysis 
are represented in Supplementary Tables 3, 4 and 5.
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Table 1  Sociodemographic, clinical and CSF data in all groups
mAD msAD Bv-FTD NFPA iNPH Controls
n = 45 n = 31 n = 12 n = 22 n = 13 n = 91

Sociodemographic data*
Sex F 20 15 5 4 3 47

M 25 16 7 18 10 44
Age
Mean (SD)

69.71
(7.76)

72.42
(6.70)

66.92
(9.02)

69.14
(8.15)

74.0
(7.53)

61.33
(15.76)

MMSE
Mean (SD)

23.24
(0.80)

17.90
(2.75)

17.75
(1.65)

20.73
(2.72)

20.54
(2.18)

29.21
(1.06)

CSF data (expressed in pg/ml)*
t-tau
Mean (SD)

608.87
(230.44)

763.00
(277.75)

320.917
(221.44)

543.45
(533.67)

168.31
(54.97)

226.01
(76.34)

p-tau
Mean (SD)

90.98
(37.07)

105.06
(47.31)

48.58
(36.81)

59.82
(37.06)

28.15
(15.32)

43.99
(11.18)

Aβ42
Mean (SD)

330.73
(255.35)

334.51
(212.62)

572.5
(307.43)

697.55
(371.95)

554.62
(196.39)

943.68
(198.12)

Orexin-A
Mean (SD)

130.76
(21.70)

173.04
(19.76)

190.12
(100.84)

210.86
(61.99)

263.31
(56.89)

145.18
(27.01)

Abbreviations: F: female; M: male; mAD: Mild AD. msAD: Moderate-severe AD. bv-FTD: fronto-temporal dementia - behavioral variant. 
NFPA: Non-fluent primary aphasia. iNPH: idiopathic normal pressure hydrocephalus. MMSE: Mini Mental State Examiantion. T-tau: total tau. 
P-tau: phosphorylated tau. Aβ42: β-amyloid42. SD: Standard deviation
* Statistical analysis is reported in Table 2, and in the Supplementary Tables 1, 2, 3, 4, 5

Fig. 1  Comparison of CSF levels of orexin-A between groups. *,° indicates statistical significance of the comparison: ° p < 0.05; *p < 0.001. Results 
of the statistical analysis are all reported in Table 2
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orexin-A only in controls (r = 0.26; p = 0.014). We did not 
find any correlation between CSF levels of Aβ42 and orexin-
A in any of the patient groups.

Correlations between CSF levels of t-tau and p-tau 
and orexin-A in patients and controls

CSF levels of orexin-A correlated with CSF t-tau concentra-
tions in the control group (r = 0.37, p < 0.001). We did not 
find any correlation between CSF orexin-A levels and t-tau 
or p-tau levels in patients with mAD (r=-0.18; p = 0.24) or 
msAD (r = 0.40; p = 0.82). Similarly, no significant correla-
tions were found between these biomarkers in any of the 
other groups (p > 0.05).

Correlation between clinical data and CSF orexin-A 
levels in patient groups

By correlating the MMSE scores with the orexin-A CSF 
levels in the different groups, we found a significant nega-
tive correlation only in the mAD (r= -0.54; p < 0.001) and 
msAD (r= -0.92; p < 0.001) groups. No other correlations 
were found between these variables in the other groups.

Discussion

This study investigated the CSF orexin-A levels in different 
neurocognitive disorders, in order to quantify the CSF lev-
els of this neurotransmitter in patients affected by cognitive 
impairment and dementia. The main finding of the present 
study was the documentation of significant differences in 
CSF orexin-A levels among patients with msAD, NFPA, 
and iNPH compared to older controls. In particular, patients 
with iNPH presented with the highest mean CSF orexin-A 
concentrations, while patients with mAD showed the low-
est mean CSF orexin-A levels. When comparing the groups 
of patients, subjects affected by iNPH showed higher CSF 
orexin-A levels than those with mAD and bv-FTD; con-
versely, patients with msAD showed higher CSF orexin-A 
levels than those with mAD; and patients with both NFPA 
and bv-FTD presented higher CSF orexin-A levels than 
patients with mAD.

Although previous studies showed higher CSF orexin-A 
concentrations in patients with neurocognitive disorders, 
most of them included only patients with AD compared to 
controls; therefore, a general agreement has not been yet 
achieved [9–18, 28–33]. Moreover, post-mortem studies 
performed in patients with AD documented a reduction in 
orexinergic neurons and significantly lower CSF orexin-A 
levels compared to controls [19, 34], suggesting that the in 
vivo documentation of high CSF orexin-A levels may reflect 

Correlations between CSF levels of Aβ42 and 
orexin-A in patients and controls

We further studied the correlation between the CSF levels of 
Aβ42 and orexin-A in the control and patient groups, iden-
tifying a correlation between the CSF levels of Aβ42 and 

Table 2  Comparisons in CSF orexin-A levels among controls and 
patients. ANCOVA analysis was performed and completed by using 
the post-hoc Dunn test corrected with the Bonferroni correction. Sig-
nificance of the P value was set at p < 0.05
Comparison between Groups pDunn pbonf

Controls - mAD 0.009 0.136
Controls - msAD < 0.001 < 0.001
Controls– bv-FTD 0.061 0.912
Controls - NFPA < 0.001 < 0.001
Controls - iNPH < 0.001 < 0.001
Abbreviations mAD: mild AD. msAD: moderate-severe AD. bv-FTD: 
fronto-temporal dementia - behavioral variant. NFPA: Non-fluent 
primary aphasia. iNPH: idiopathic normal pressure hydrocephalus

Table 3  Comparisons in CSF orexin-A levels among neurocognitive 
disorder groups. ANCOVA analysis was performed and completed by 
using the post-hoc Dunn test corrected with the Bonferroni correction. 
Significance of the P value was set at p < 0.05
Comparison between Groups pDunn pbonf

mAD - msAD < 0.001 < 0.001
mAD– bv-FTD 0.003 0.040
mAD - NFPA < 0.001 < 0.001
mAD - iNPH < 0.001 < 0.001
msAD– bv-FTD 0.072 1.000
msAD - NFPA 0.109 1.000
msAD - iNPH 0.009 0.141
bv-FTD - NFPA 0.010 0.145
bv-FTD - iNPH < 0.001 0.011
NFPA - iNPH 0.113 1.000
Abbreviations mAD: mild AD. msAD: moderate-severe AD. bv-
FTD: fronto-temporal lobe dementia - behavioral variant. NFPA: 
Non-fluent primary aphasia. iNPH: idiopathic normal pressure 
hydrocephalus

Table 4  Comparison in CSF orexin-A levels between male and females 
of all groups
Groups Sex

Female Male p value
Mean (SD)

Controls 136.145 (22.89) 154.8 (28.34) < 0.001
mAD 133.28 (19.73) 128.744 (23.35) 0.51
msAD 177.4 (20.99) 168.95 (18.24) 0.36
bv-FTD 202.32 (90.00) 181.41 (114.15) 0.57
NFPA 225.25 (73.38) 207.66 (61.13) 0.73
iNPH 266.667 (77.53) 262.3 (54.54) 0.93
Abbreviations mAD: mild AD. msAD: moderate-severe AD. bv-FTD: 
fronto-temporal dementia - behavioral variant. NFPA: Non-fluent 
primary aphasia. iNPH: idiopathic normal pressure hydrocephalus. 
SD: Standard deviation
* significance of Mann–Whitney U test set at p < 0.05
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iNPH. A previous study documented a high prevalence of 
sleep-disordered breathing (SBD) in patients with iNPH 
[41], while another showed that CSF orexin-A levels 
could be higher in patients with SDB than in controls [31]. 
Another main trigger for high CSF orexin-A levels could 
be the deficient glymphatic system function documented in 
patients with iNPH. In agreement with this evidence, one 
study based on the analysis of brain MRI of patients with 
iNPH documented reduced perivascular influx and efflux of 
intrathecally injected contrast agents compared to controls, 
suggesting that the impairment of glymphatic function in 
iNPH may also be responsible for the increased CSF levels 
of peptides (including orexin-A) [42]. Moreover, the rostro-
caudal dynamics of orexin-A in the CSF [the relationship 
between ventricular (rostral) and lumbar (caudal) levels] 
have already been hypothesized in patients with iNPH, who 
showed significantly higher lumbar than ventricular orexin-
A levels [43]. As such, a combination of different factors 
(high prevalence of SDB, glymphatic system malfunction, 
and rostro-caudal dynamics of CSF orexin-A levels) can 
contribute to the significant increase in CSF orexin-A levels 
in iNPH.

Overall, the present study illustrates the CSF orexin-A 
levels in different neurocognitive disorders, including cogni-
tive impairment, neuropsychiatric symptoms, and dementia. 
Patients were recruited from two centers, thereby increasing 
the significance of the results. Orexin-A is a neurotransmit-
ter that mainly regulates the sleep-wake cycle; however, in 
addition to its regulatory role in sleep and wakefulness, its 
role in the regulation of attention, cognition, and behav-
ior has also been widely recognized [3, 35–37]. As such, 
measurement of CSF orexin-A concentrations could be 
considered in the diagnostic workup of patients with cogni-
tive impairment and dementia, considering the possibility 
of correlating CSF levels of this neuropeptide with neu-
ropsychiatric symptoms, with particular attention to sleep 
and the sleep-wake cycle. Further, dual orexin-A receptor 
antagonists (DORAs) have recently been approved for the 
treatment of chronic insomnia disorder, and their role in 
counteracting the neurodegenerative processes by antago-
nizing the orexinergic system has been already hypothesized 
in AD patients [44]. Therefore, further investigations on the 
role of orexin-A on symptoms presented by patients with 
cognitive impairment and dementia should be planned also 
for understating the clinical potential of including DORAs 
in the therapeutic armamentarium available for patients 
with neurocognitive disorders.

This study has several limitations that should be con-
sidered. First, due to the retrospective nature of the study, 
standardized cognitive and behavioral evaluations were not 
collected and thus not correlated with CSF orexin-A levels. 
Second, older controls included individuals with subjective 

the modification of orexinergic neurotransmission depend-
ing on factors such as sleep-wake cycle dysregulation, 
feeding, and behavior more than the integrity of the orexin 
system [3, 35–37]. Accordingly, previous studies performed 
in patients with AD have documented that an increase in 
CSF orexin-A levels is correlated with the degree of cogni-
tive impairment and the concomitant presence of neuropsy-
chiatric symptoms, sleep impairment, and sleep-wake cycle 
misalignment [9–10, 38, 39, 40]. This interplay between 
CSF orexin-A concentrations and the wide symptomatology 
presented by patients affected by AD principally considers 
the effect of the increase in nighttime wakefulness, reduction 
of REM sleep, and loss of the sleep-wake cycle, which has 
been well-documented in AD [3–4]. Accordingly, orexin-A 
could be considered a neurotransmitter with dynamic secre-
tion in relation to different stimuli; therefore, the increase in 
wakefulness, reduction in sleep (particularly REM sleep), 
and loss of circadian regulation of the sleep-wake cycle are 
all associated with an increase in CSF orexin-A levels [9–
10]. In the present study, we confirmed an increase in CSF 
orexin-A concentration in msAD compared to mAD, and a 
correlation between CSF orexin-A levels and MMSE scores 
in patients with mAD or msAD.

Considering previous studies performed in patients with 
FTD, a correlation between CSF orexin-A concentration and 
disease-related clinical symptoms has been documented. 
Consistently, higher levels of excessive daytime sleepi-
ness (EDS), subjectively investigated using the Epworth 
Sleepiness Scale, were correlated with a decrease in CSF 
orexin-A levels in a small group of subjects with FTD not 
further characterized according to the symptoms presented 
by patients [17]. Conversely, in a study involving patients 
with bv-FTD, symptoms of impulsivity and the presence 
of extrapyramidal signs were found to be associated with 
high CSF orexin-A levels [33]. These findings, not yet fur-
ther confirmed by following studies, showed that EDS was 
associated with a reduction in CSF orexin-A levels, whereas 
impulsivity and extrapyramidal signs were associated with 
an increase in CSF orexin-A concentrations, which could 
explain the very high spread of CSF orexin-A levels docu-
mented in the patients with bv-FTD and NFPA included in 
this study (see Fig. 1). Notably, numerous orexinergic pro-
jections originating from the hypothalamic area are present 
in the frontal lobe [3, 35–37].

Patients with iNPH had the highest mean CSF orexin-A 
levels, which were higher than those of controls. A single 
study investigated CSF orexin-A levels in three patients 
with iNPH, and documented that two of them presented 
with intermediate levels (123 and 168 pg/ml, respectively), 
and one with very high levels (1142 pg/ml) [20]. Consid-
ering the results of the present study, it is challenging to 
explain the high CSF levels of orexin-A in patients with 
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Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
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cognitive symptoms without any other signs or symptoms 
of neurodegenerative disorders; as such, further valida-
tion using age-matched healthy controls should be planned 
in the future. Third, the groups of subjects included in the 
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ent study proposes the clinical potential of adding CSF 
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of developing a precision medicine-based approach.
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