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Abstract.
Background: Mild cognitive impairment (MCI) due to Alzheimer’s disease (AD) diagnosis is based on cerebrospinal fluid
(CSF) or neuroimaging biomarkers. Currently, non-invasive and inexpensive blood-based biomarkers are being investigated,
such as neuronal-derived plasma exosomes (NPEs). Neuroinflammation and early vascular changes have been described in
AD pathogenesis and can be traced in plasma and NPEs. However, they have not been studied in early onset MCI (EOMCI).
Objective: To describe the rationale, design, and baseline characteristics of the participants from the BIOFACE cohort, a two-
year observational study on EOMCI conducted at Fundació ACE. The study goal is to characterize the different phenotypes
from a clinical, neuropsychological, and biomarker point of view and to investigate the CSF and plasma proteomics as well
as the role of NPEs as early biomarkers of AD.
Methods: Participants underwent extended neurological and neuropsychological batteries, multimodal biomarkers including
brain MRI, blood, saliva, CSF, anthropometric, and neuro-ophthalmological examinations.
Results: Ninety-seven patients with EOMCI were recruited. 59.8% were women. Mean age at symptom onset was 57 years;
mean MMSE was 28. First degree and presenile family history of dementia was present in 60.8% and 15.5%, respectively.
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Depressive and anxiety disorders along with vascular risk factors were the most frequent comorbidities. 29% of participants
were APOE �4 carriers, and 67% showed a CSF normal ATN profile.
Conclusion: BIOFACE is a two-year study of clinical, cognition, and biomarkers that will shed light on the physiopathology
and the potential utility of plasma and NPEs as non-invasive early diagnostic and prognostic biomarkers in people younger
than 65 years.

Keywords: Alzheimer’s disease, biomarkers, dementia, early onset Alzheimer’s disease, exosomes, mild cognitive impair-
ment, presenile, proteomics

INTRODUCTION

Despite age being the main risk factor for the
development of dementia, cognitive decline can also
manifest at young ages. Traditionally, the arbitrary
cut-off age of 65 years has been used to differentiate
early onset dementia (EOD, ≤65 years old) from late
onset dementia (LOD, > 65 years old). Epidemiolog-
ical studies on EOD are scarce and show increasing
incidence rate of dementia as age goes up (3.9, 22.9,
and 67.7 cases per 100,000 inhabitants/year for the
age group of 40–49 years, 50–59 years, and 60–64
years, respectively) [1].

EOD constitutes an important health and social
problem as it affects people during a period of their
life with work, economic, and family responsibilities.
The underlying causes of cognitive decline at this age
are very heterogeneous, ranging from neurodegener-
ative diseases such as Alzheimer’s disease (AD) or
frontotemporal dementia (FTD), to non-degenerative
pathologies such as psychiatric, cerebrovascular, infl-
ammatory, traumatic, or toxic-metabolic disorders
[2]. Given that some of these causes are potentially
treatable, obtaining an adequate etiological diagnosis
is crucial in these individuals. It is important to note
that the most common cause of dementia, in both
early and late onset groups, is AD [1]. Differences
in the clinical presentation, cognitive and functional
decline have been reported between early and late
onset AD cases (EOAD and LOAD, respectively) [2],
with non-amnestic presentations and a faster rate of
disease progression being more frequent in EOAD
than LOAD [3]. These characteristics may imply
potential underlying differences in the neuroanatom-
ical and biological pathways of the disease in this
younger population.

Mild cognitive impairment (MCI) is defined as the
prodromal stage before the onset of dementia during
which cognitive deficits are observed but individu-
als do not experience any impairment in activities
of daily living [4]. MCI can affect young people,
and clinical and prognostic differences could also be

found between early and late onset MCI (EOMCI and
LOMCI, respectively) [5]. Nowadays, the diagnosis
of MCI due to AD is based on clinical grounds and
biomarkers of amyloidosis and neurodegeneration
(amyloid-beta (A�) and tau proteins) in cerebrospinal
fluid (CSF) and/or neuroimaging studies with amy-
loid and tau ligands [6]. However, these methods are
invasive and expensive, respectively, and not widely
available. As a result, plasma biomarkers are being
investigated in terms to maximize cost effectiveness,
as potential useful non-invasive diagnostic and prog-
nostic instruments [7, 8].

A new plasma-derived biomarker under study is a
class of extracellular vesicles called exosomes (end-
osome-derived membrane microvesicles). Exosomes
are produced by most cells of the body, including neu-
rons, and are transported to other neighboring cells
and the circulatory system [9]. They contain proteins,
lipids, RNA, and microRNAs involved in cellular
signaling or protein degradation mechanisms [10].
Moreover, exosomes have specific surface markers
that allow the identification of their cell of origin
so they can be traced in different biological fluids
(blood, CSF, saliva, or urine) [11]. In neurons, exo-
somes are involved in the processing of amyloid-�
protein precursor (A�PP) and A� clearance, among
other processes [12–14].

Neuronal-derived plasma exosomes (NPEs) stud-
ies in preclinical AD have shown that increased levels
of A�1–42 and phosphorylated-tau at the 181 threo-
nine (p181-tau) and 396 serine residues (pS396-tau),
can predict 10 years in advance the onset of demen-
tia in sporadic AD cases [11]. Likewise, in a clinical
36-months follow-up study, high levels of A�1–42,
p181-tau, and pS396-tau, have also been detected in
NPEs in MCI due to AD and AD dementia cases com-
pared to controls and subjects with stable MCI [15].
These findings suggest NPEs could be a useful tool
in the diagnosis process of AD.

In addition, vascular and oxidative stress biomark-
ers can be detected both in plasma and exosomes.
Nowadays with proteomics, the analysis of proteins
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in different biologic tissues and fluids, we could
study myriad pathways potentially involved in the
pathophysiology of AD. The vascular hypothesis of
AD considers that cerebral hypoperfusion is involved
in the pathogenesis of the disease [16], while vas-
cular pathophysiological changes have even been
described preceding amyloidosis in LOAD [17]. In
this sense, several vascular-related proteins have been
postulated as early biomarkers in the pathogenesis
of the disease: heart-type fatty acid binding protein
(hFABP), Apolipoprotein A1 (APOA1), and Inter-
feron-� induced protein 10 (IP-10), which have been
detected in high concentrations in CSF of patients
with MCI at risk to develop AD [18–21]. Addi-
tionally, IP-10 and acrolein levels are also increased
in plasma [17, 22]. However, these vascular-related
changes and their pathophysiological relation with
A� and tau proteins have not yet been well charac-
terized in EOMCI.

Previous studies on the clinical features, risk fac-
tors, and biomarkers for conversion to dementia in
EOMCI have been limited to patients with amnestic
presentations [5] or MCI probably due to AD [23]
and included a small number of participants [24].
Few large cohorts have been studied to character-
ize EOMCI from a biomarker-based point of view,
assessing the different potential etiologies and clin-
ical progression in longitudinal studies. Moreover,
to our knowledge no clinical studies have evalu-
ated the diagnostic and prognostic value of NPEs in
EOMCI.

Here we present the BIOFACE study, a two year-
term follow-up prospective observational study on
EOMCI conducted at Fundació ACE in Barcelona,
Spain. The study goal is to characterize from a cli-
nical, neuropsychological and a multimodal bioma-
rker-based perspective the different phenotypes of
EOMCI. A special focus is given to compare the CSF
and plasma biomarkers changes in order to elucidate
the correlation of both physiological fluids as prog-
nostic tools in EOMCI patients. Additionally, we aim
to characterize NPEs derived biomarkers according
to the CSF ATN classification [25], the burden of
vascular pathology on brain MRI and the longitu-
dinal cognitive decline (conversion to dementia) in
EOMCI participants. The differentiation of a neu-
rodegenerative disease from other causes of cognitive
decline has significant social, work and family impli-
cations in young subjects, and it entails a substantial
emotional burden. The protocol, design and base-
line demographic and clinical characteristics of the
BIOFACE study are described.

METHODS

Design

BIOFACE is single-center prospective observati-
onal study of participants with a diagnosis of EOMCI,
with a two-year follow-up, conducted at Fundació
ACE’s Memory Unit, Barcelona Alzheimer Research
and Treatment Centre (Spain).

Objectives

The main objectives of the BIOFACE study are:
1) to characterize the signatures of a panel of neuro-
biological and inflammation proteomics in plasma,
NPEs, and CSF according to the ATN classifica-
tion [25] in EOMCI participants; 2) to correlate the
vascular burden (as measured by brain MRI) with
inflammation-related proteomic biomarkers mea-
sured in plasma, NPEs, and CSF; and 3) to evaluate
the correlation of the same panel of neurobiologi-
cal and inflammation proteomics in plasma, NPEs,
and CSF samples of EOMCI participants. Secondary
aims of this study are: 4) to analyze the demographic,
neurological, and neuropsychological features asso-
ciated with the different clinical phenotypes of
EOMCI; 5) to characterize the biomarker profile
(genetics, CSF, plasma, NPEs, and brain MRI) of the
different clinical phenotypes of EOMCI; and 6) to
analyze the natural history (progression to dementia
versus stability versus reversion to normal cognition)
of the different clinical phenotypes of EOMCI.

Subjects

BIOFACE included a total of 102 subjects with a
diagnosis of EOMCI from Fundació ACE’s Mem-
ory Unit recruited and assessed from January 2018 to
December 2019. Five subjects were later considered
dropouts because of incomplete assessments at base-
line. The majority of subjects (68%) were referred
by their primary care physician (PCP) and less fre-
quently (32%) were recruited from our Open-House
Initiative (OHI). The OHI is a community-based
engagement program that assesses cognitive status
in individuals over 55 years for free and without the
need of a physician’s referral. The OHI is part of the
corporate social responsibility program of Fundació
ACE [26].

The inclusion criteria were as follows: a) age
under 65 years old; b) Mini-Mental State Examina-
tion (MMSE) [27] score ≥24; c) Clinical Dementia
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Rating (CDR) [28] = 0.5; d) educational level of at
least elementary school (≥6 years of formal educa-
tion); e) capacity to provide written informed consent;
f) fluent Spanish language skills. The exclusion cri-
teria were: a) contraindication for brain MRI; b)
presence of an underlying medical or neurological ill-
ness that could account for the cognitive impairment
based on laboratory tests or brain imaging (includ-
ing significant vascular burden such as large vessel
stroke, Huntington’s disease or multiple sclerosis);
c) current or previous major psychiatric disorder; d)
active alcohol consumption or drug use; e) severe
auditory/visual impairment.

As previously described in detail [29], a compr-
ehensive cognitive, behavioral, and functional assess-
ment battery was administrated to all participants.
Briefly, they underwent a complete physical and neu-
rological examination, as well as routine analyses of
blood and structural brain neuroimaging. Information
used to diagnose MCI came from both the patient
and a family member and was gathered in two struc-
tured interviews conducted by a neurologist and a
social worker, respectively. With all available infor-
mation, a consensual diagnosis of MCI was achieved
according to the criteria of Petersen [30] and López
et al. [31] at a multidisciplinary team meeting [29].
Similar to López et al. [31], but extending it to the
non-amnestic MCI, we added the additional qualifier
of possible/probable MCI condition in function of
the presence or absence, respectively, of psychiatric,

neurological, or systemic illnesses that could other-
wise explain their cognitive deficits or when there
was insufficient information [32].

Visits and assessments scheduled

Extended neurological and neuropsychological
batteries, anthropometrics and neuro-ophthalmolo-
gical examinations, brain MRI, sampling of blood,
saliva, and CSF were performed at baseline visit.
All these procedures took place at the Memory Unit
in Fundació ACE except the MRI acquisition that
was performed at the Corachan Clinic, in Barcelona
(Spain), our reference neuroimaging research center.
All the procedures of each visit were done within a
time window of three months. Detailed overviews of
the assessments scheduled in the three consecutive
annual visits of the study are shown in Fig. 1.

Neurological assessment

Clinical assessments at baseline and follow-up
visits were performed by a neurologist special-
ized in cognitive disorders. Examinations included
a structured personal medical, psychiatric, and
social history, lifestyle habits, family history, cur-
rent medication, and standardized full neurological
and cognitive examinations. The scales used for
assessment at baseline visits are outlined in Table 1.
In the follow-up visits, MMSE [27], the Spanish

Fig. 1. Assessments scheduled in the three consecutive annual visits.
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Table 1
Scales used for neurological assessment at baseline

Scales baseline Function/topic assessed

Mini-Mental State Examination (MMSE) [27] Global cognition
The memory subtest of the Spanish version of

the 7 Minute Test [33]
Memory

Handedness Edinburgh Inventory [34] Handedness
The Spanish version of the Neuropsychiatric

Inventory Questionnaire (NPI-Q) [35]
Behavioral symptoms

Motor assessment from the Unified Parkinson’s
Disease Rating Scale (UPDRS-III) [36]

Extrapyramidal signs

Clinical Dementia Rating (CDR) [28] and
Blessed scales [37]

Functionality

Pittsburgh sleep quality index [38] Sleep quality
International Physical Activity Questionnaire

(IPAQ) (Spanish adaptation) [39]
Physical activity

Word accentuation test [40] Premorbid intelligence quotient
Language subtests from the Barcelona’s Test [41] Language
Order comprehension from the Boston Diagnostic
Aphasia Examination [42]

Language (Comprehension)

Table 2
Additional neuropsychological tests and the cognitive functions explored

Neuropsychological instrument Domain of cognition

FACEmemory® [45] (tablet format) Associative memory
Free and Cued Selective Reminding Test [46] Episodic memory
Rey figure [41] (copy and delayed recall) Visuoconstructional

and visual memory
Trail making test A and B [47] Executive function
Stroop Test [48] Executive function
Letter Fluency MRP [49] Executive function
Boston Naming Test (60 items) [50] Language
Pyramid and Palm Tree Test [51] Language
Judgment of Line Orientation [52] Visuospatial
Subtests of fragmented letters and dot counting Visuospatial/visuoperception

from the Visual Object and Space Perception Battery [53]
Ekman 60 Test of Facial Affect [54]. Social cognition

version of the Neuropsychiatric Inventory Ques-
tionnaire (NPI-Q) [35], Motor assessment from the
Unified Parkinson’s Disease Rating Scale (UPDRS-
III) [36], CDR [28], and the Blessed scale [37] were
administered.

Neuropsychological assessment

At baseline and follow-up visits all patients par-
ticipated in a two-day session comprehensive neu-
ropsychological evaluation. In the first assessment
the neuropsychological battery of Fundació ACE
(NBACE) [43] and the Hospital Anxiety and
Depression Scale (HADS) [44] were administered,
according to our standardized protocol, to characte-
rize the patient’s cognitive impairment. In a sub-
sequent visit, an additional neuropsychological
assessment consisting of classical neuropsycholog-
ical tests, which are specific for the assessment of

each cognitive domain, was administered to detect
the prodromal stage and atypical forms of AD (see
Table 2).

In addition, several self-administered question-
naires related to lifestyle and mood were applied at
the baseline and final visits (see Table 3).

Acquisition and processing protocol of brain
MRI images

All BIOFACE’s cohort participants underwent a
brain MRI with a Siemens VIDA 3T at Corachan
Clinic’s Radiology Department (Barcelona, Spain)
at the baseline visit. The anatomical images for
the volumetric study were acquired using a T1-
weighted 3D gradient echo sequence (T1 MPRAGE
isotropic) with a slice thickness of 1.2 mm, FOV
270 mm, 243 × 256 × 95 matrix, voxel measurement
of 1.1 × 1.1 × 1.2 mm, TI of 968 ms, TR 2,200 ms,
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Table 3
Self-administered questionnaires of BIOFACE

Self-administered questionnaire Lifestyle and mood domain explored

Starkstein Apathy Scale [55] Apathy
Clinically Useful Depression Outcome Scale (CUDOS) [56] Depressive symptoms
Fear of Alzheimer’s Disease Scale (FADS) [57] Fear of suffering Alzheimer’s disease
Hamilton Anxiety Rating Scale (HARS) [58] Anxiety symptoms
General Health Goldberg’s Questionnaire (GHQ28) [59] Health
Toronto Alexithymia scale (TAS-20) [60] Alexithymia
Zuckerman-Kuhlman Personality Questionnaire (ZKPQ) [61] Personality

and TE 2.23 ms. Diffusion tensor imaging (DTI)
study was acquired by diffusion-enhanced ecoplanar
sequence (EPI), with 64 directions and b1 values of
0 and b2 of 1000 s/mm2. To complete the acquisi-
tion, a T2-weighted axial sequence, an isotropic 3D
FLAIR, and a T2-weighted gradient recalled echo∗
axial sequence were performed to detect ischemic
damage and microbleeds.

Another brain MRI will be acquired at the fol-
low-up visit 2, with the same characteristics and con-
ditions described for the baseline visit, and before the
performance of the lumbar puncture.

MRI studies were examined by a group of expe-
rienced neuroradiologists and reported according to
standard practice. Regional atrophy was measured
with the following visual rating scales: global cor-
tical atrophy (GCA) [62], medial temporal atrophy
(MTA) [63], parietal atrophy (PA) [64], and sev-
eral variables to measure vascular disease such as
the Fazekas scale [65]. In the visual rating scale,
a score of zero indicates that there is no atrophy,
while scores of one to three (PA and GCA) or four
(MTA) indicate an increasing degree of atrophy. The
Fazekas scale, taking into account deep and periven-
tricular white matter hyperintensities (DWMH and
PVWMH, respectively) was scored according to the
same patterns; a score of zero indicates a none or
a single punctate WMH lesion, while scores of one
to three indicate multiple, beginning confluency and
large confluent lesions, respectively.

The images will be processed at Fundació ACE
Neuroimaging Laboratory. All images, stored in a
PACS system, will undergo an automated de-identi-
fication process. Initially the structural MRI images,
enhanced in T1, will be processed with Free
surfer 6.0.1 (https://surfer.nmr.mgh.harvard.edu/).
Cortical and subcortical segmentation of structural
images will be performed. This procedure allows seg-
menting the GM, WM, and subcortical structures,
after normalizing the intensity and correcting topo-
logical defects, giving robust measurements of the
hippocampal volume, mean cortical thickness and

the volume of WM hyperintensities (WMH). The
DTI is preprocessed with Functional MRI of the
Brain (FMRIB)’s Diffusion Toolbox), implemented
in the FSL 5.0 software package (FMRIB Soft-
ware Library; https://fsl.fmrib.ox.ac.uk/fsl/fslwiki).
Initially, images are corrected to eliminate distortions
and being normalized to the same anatomical space
with the T1. Lately, they are fitted to a voxel-to-voxel
diffusion tensor model to obtain fractional anisotropy,
mean axial and radial diffusion images, according to
the Johns Hopkins University atlas.

Lumbar puncture protocol

Lumbar punctures (LP) were performed at baseline
visit at Fundació ACE by an experienced neurologist
under fasting conditions. CSF was collected pas-
sively in two 10 ml polypropylene tubes (Sarstedt Ref
62.610.018) centrifuged (2000 × g 10 min at 4◦C),
aliquoted and stored in polypropylene tubes (Sarst-
edt Ref 72.694.007) at –80◦C until its use. Time delay
between CSF collection and storage was less than 2 h.
The collection protocol follows the recommendations
of the Alzheimer’s Biomarkers Standardization Ini-
tiative [66]. The day of the analysis, one aliquot of
0.5 mL was thawed and used for the determination
of A�1–40, A�1–42, Total Tau (T-tau), and p181-tau.
Amyloid and tau proteins were quantified by chemi-
luminescence enzyme immunoassay (CLEIA) using
the Lumipulse G 600 II automatic platform (Fujirebio
Inc) [67]. Another LP will be performed at follow-
up visit 2, in the same conditions stated, for CSF
biomarkers and proteomics analysis.

CSF biomarkers. Participants were classified into
three categories according to the ATN scheme
[25]: Normal AD biomarkers (A-T-N-), Alzheimer’s
disease continuum (including A+T-N-, A+T+N-,
A+T+N+ and A+T-N+), and non-AD pathologic
changes (including A-T+N-, A-T-N+ and A-T+N+),
where A refers to aggregated A�, T to aggregated
tau, and N to neurodegeneration or neuronal injury.
Cut-offs from the FACEBREP cohort were used

https://surfer.nmr.mgh.harvard.edu/
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki
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to dichotomize each CSF biomarker into +/– as
follows: ratio A�1–42/A�1–40 < 0.063 for A; p181-
tau > 54 pg/ml for T; and T-tau > 412 pg/ml for N)
(Orellana et al, submitted for publication).

Acquisition, processing, and analysis of plasma
exosomes

Consecutively to CSF extraction, matched sam-
ples of plasma and serum were obtained from each
patient at baseline visit and will be obtained at follow-
up visit 2. Samples were collected in BD Vacutainer
tubes. Three of them (1× SSTII Advance and 2× K2-
EDTA) were centrifuged (2000 × g, 10 min at 4◦C) to
obtain serum and plasma, respectively. Samples were
aliquoted and stored at –80◦C until their use.

The exosomes were isolated and purified from pla-
sma samples based on Thery’s protocol with small
modifications [68]. First, 3.5 mL of plasma sam-
ples were centrifuged (10,000 g, 30 min, 4◦C) to
remove cellular debris and the supernatant was then
ultracentrifuged (100,000 g, 60 min, 4◦C) to pellet
the exosomes. All centrifugations were done with
Sorvall Discovery M150SE (Thermo Scientific)
ultracentrifuge using S100AT6 rotor. The isolation
of NPEs is performed by immunomagnetic separa-
tion of L1CAM positive exosomes. Briefly, the pellet
is resuspended in 500 �L buffer TRIS HCl pH 7.4
(previously filtered and autoclaved) and incubated
with L1CAM antibody-modified magnetic particles
(anti L1CAM-MPs) for 60 min at RT with slight
rotation. To remove the supernatant, anti L1CAM-
MPs with the exosomes attached were attracted with
an external magnet. Finally, anti L1CAM-MPs are
washed 3× with 500 �L of washing buffer (TRIS HCl
pH 7.4). Characterization of the exosomes by their
size is established by Nanoparticle Tracking Analysis
(NTA) with a Nanosight LM10 microscope (Malvern
Technologies).

Neurology and inflammation biomarkers
quantification in plasma, NPEs, and CSF
samples

Total protein concentration of obtained NPEs
was first measured by Pierce BCA Protein Assay
Kit (ThermoFisher). Specific protein concentration
of plasma, NPEs and CSF samples were quantif-
ied using the validated, highly sensitive, and spe-
cific ProSeek® multiplex immunoassay, developed
by Olink Proteomics (Uppsala, Sweden). Two com-
mercially available ProSeek® Multiplex panels

(Inflammation & Neurology) were used to measure
the concentrations of 184 proteins.

To prepare the NPEs samples for Pierce BCA
Protein Assay and Olink platform, the L1CAM +
exosomes were lysed with 50 �L lysis buffer (50 mM
TRIS pH7.4, 150 mM NaCl, 1 mM EDTA pH8, 1%
Triton x100, 0.01% sodium deoxycholate).

APOE genotyping

Study of genomic DNA was carried out after the
extraction of 12 ml of blood in polypropylene tubes
with EDTA (Vacutainer, violet stopper). DNA extrac-
tion was carried out with the Chemagen (Perkin
Elmer) DNA purification system that allows the pro-
cessing of 96 samples at a time. Subsequently, we
performed APOE genotyping using TaqMan probe
analysis of SNP ID RS429358 and SNP ID RS7412
using a Real-Time PCR Quant Studio 3 system (Ther-
mofisher).

Neuro-ophthalmology examination

Participants underwent a neuro-ophthalmology
exam performed by an optometrist at all study
visits. The assessment included: review of past oph-
thalmological history and treatments, visual acuity
(using the Early Treatment of Diabetic Retinopa-
thy Study (ETDRS) chart [69]), intraocular pressure
measurement (by Icare tonometry [70]) and opti-
cal coherence tomography (OCT). Retinal structural
and angiography studies were performed using the
DRI OCT Triton - Swept Source (SS) OCT, software
v.1.22.1 (Topcon Co. Tokyo, Japan). The availability
of high-resolution B-scan mode made pupil dilata-
tion unnecessary. The same optometrist screened all
images for possible abnormalities after each OCT
imaging session. All data were reviewed by an oph-
thalmologist to rule out ophthalmologic pathologies
and check retinal images.

Anthropometrics and non-invasive arterial
peripheral testing

In all the study visits, body composition and arte-
rial peripheral testing were obtained at Fundació
ACE’s nursing station. Using the Tanita® device, a
trained nurse measured height, weight, body mass
index, abdominal perimeter, % of muscle, fat, water,
and bone. Additionally, using the Vicorder® device,
blood pressure, heart frequency, arterial rigidity
index, and ankle-arm index were determined.
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Statistical analysis

In this paper we present the baseline sociodemo-
graphic and clinical characteristics of the sample,
using descriptive statistics. Categorical variables are
presented as percentages and continuous variables as
means and standard deviations, using SPSS version
20.0 software (SPSS Inc Chicago, IL).

Ethical approval

BIOFACE study protocol was approved by the
Ethics Committee of Hospital’s Clinic (Barcelona,
Spain). Written informed consent was obtained from
all participants after the aims and procedures of the
study were fully explained by the neurologist in
charge of the study, according to Spanish biomedi-
cal laws and to the principles of the Declaration of
Helsinki.

RESULTS

Participant recruitment began in January 2018 and
continued until December 2019. All participants per-
formed the Memory Unit procedure described in
Fig. 1. One hundred and two patients were recruited,
five subjects were lately considered dropouts because
they did not complete assessments at baseline and, as
a result, ninety-seven patients were included in this
study. They were mainly referred by their PCP (68%)
(see Table 4). Eleven individuals withdrew informed
consent to perform the lumbar puncture, while this
procedure could not be performed in one additional
subject. Finally, 85 subjects completed all the pro-
cedures of the study baseline visit, although in 5 of
them not enough blood to perform exosomes studies
could be obtained. Twelve patients did not undergo
the lumbar puncture, but they completed the rest of
the study tests.

Sociodemographic characteristics

Baseline sociodemographic data of the sample are
detailed in Table 4. Most of participants were women
(59.8%) and Caucasian (96%), and they had a mean of
12.13 (± 5.07) years of formal education. The mean
age at symptom onset was 57 (± 4.14) years, while
the mean age for seeking a neurologic evaluation was
60.51 (± 4.63) years. All participants were fluent in
Spanish and a high percentage (70.1%) was bilingual
(Spanish and another language, mainly Catalan). His-
tory of dementia in first-degree relatives was present

Table 4
Baseline socio-demographic characteristics of the sample

Demographic characteristics Mean (± SD)/n (%)

Age at baseline visit (y) 60.51 (± 4.63)
Gender (women) 58 (59.8%)
Ethnicity (Caucasian) 93 (96%)
Education (y) 12.13 (± 5.08)
Bilingualism 68 (70.1%)
Laterality

Right-handed 85 (87.6%)
Left-handed 4 (4.2%)
“Converted” left-handed 8 (8.2%)

Labor status
Active 37 (38.1%)
Housewife 6 (6.2%)
Retired 18 (18.6%)
Unemployed 11 (11.3%)
Sick leave 11 (11.3%)
Disability 14 (14.4%)

Marital status
Married 67 (69.1%)
Single 7 (7.2%)
Divorced 16 (16.5%)
Widow/widower 7 (7.2%)

Recruitment source
Primary physician (PCP) 66 (68%)
Open House Initiative 31 (32%)

in 60.8% of participants, 15.5% of whom were diag-
nosed before 65 years of age (Table 5).

Clinical characteristics

Cardiovascular risk factors were the most preva-
lent risk factors in the study cohort (Table 5). The
most frequent was dyslipidemia (33.4%) followed
by hypertension (29.9%) and smoking habit (24%),
while only 10.3% of the subjects were diabetic.
Past medical history of psychological symptoms was
also rather frequent (57.7% presented depression and
46.4% anxiety) along with rheumatological diseases
(20.6% had been diagnosed with fibromyalgia and
13.4% with chronic fatigue). The most commonly
prescribed pharmacological treatments before inclu-
sion in the study were antidepressants (52.60%),
antihypertensives (32%), lipid-lowering medication
(26.8%), and anxiolytics (25.8%).

Cognitive characteristics

The most frequent symptoms at onset were mem-
ory problems (85.6%) followed by language (57.7%)
and executive dysfunction (42.3%). The syndromic
cognitive diagnoses after the baseline assessment
were as follows: possible amnestic MCI (33%), pos-
sible non-amnestic MCI (34%), probable amnestic
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Table 5
Baseline clinical characteristics of the sample

Clinical characteristics n (%)/ mean (± SD)

Age of symptoms onset 57.19 (± 4.14)
Syndromic diagnosis

Possible amnestic MCI 32 (33%)
Possible non-amnestic MCI 33 (34%)
Probable amnestic MCI 16 (16.5%)
Probable non-amnestic MCI 16 (16.5%)

Family history of dementia
First degree 59 (60.8%)
Presenile dementia 15 (15.5%)

Past medical history
Hypertension 29 (29.9%)
Diabetes 10 (10.3%)
Dyslipidemia 33 (33.4%)
Current smoking habit 23 (24%)
Obstructive Sleep Apnea- 14 (14.4%)

Hypopnea Syndrome (OSAHS)
Persistent depressive disorder 54 (57.7%)
Generalized anxiety disorder 45 (46.4%)
Fibromyalgia 20 (20.6%)
Chronic fatigue syndrome 13 (13.4%)

Medications
Antiplatelets 17 (17.5%)
Antihypertensives 31 (32%)
Antidiabetics 8 (8.2%)
Hypolipidemic drugs 26 (26.8%)
Antidepressants 51 (52.6%)
Anxiolytics 25 (25.8%)
Antiepileptics 13 (13.4%)
Neuroleptics 1 (1%)
Anti-inflammatory 1 (1%)
Analgesics 3 (3.1%)
Opiates 8 (8.2%)
Thyroid hormones 12 (12.4%)
Hypnotics 17 (17.5%)
B12 vitamin 2 (2.1%)
Antihistamines 2 (2.1%)

Symptoms at onset
Memory 83 (85.6%)
Language 56 (57.7%)
Orientation 4 (4.1%)
Executive dysfunction 41 (42.3%)
Behavior 2 (2.1%)
Depression 41 (42.3%)
Others 4 (4.1%)

MMSE 28 (± 1.70)

MCI, mild cognitive impairment; MMSE, Mini-Mental State
Examination.

MCI (16.5%), and probable non-amnestic MCI
(16.5%) (see Table 5).

Biomarkers

Regarding the APOE genotype, 29% of the par-
ticipants (22/75) were APOE �4 carriers, while the
frequency of APOE �2 was 9.3% (7/75) (see Table 6).
In relation with AD CSF biomarkers and according

Table 6
Biomarkers at baseline visit

BIOMARKERS

MRI (n = 97)

GCA
0/1/2/3 42/50/5/0
MTA R L
0/1/2/3/4 75/15/6/1/0 76/16/3/2/0
PA R L
0/1/2/3 54/39/3/1 45/47/3/2
Fazekas DWMH R L
0/1/2/3 44/49/3/1 40/53/3/1
Fazekas PVWMH
0/1/2/3 92/2/3/0

CSF (n = 85)

AD continuum 15
Non-AD pathologic change 13
Normal AD biomarkers 57

APOE status (n = 75)

�4 (at least 1 allele) 22
�2 (at least 1 allele) 7

NPEs (n = 80)
Serum/ Plasma (n = 97)

OCT ( = 97)
Vicorder©, Tanita© (n = 97)

GCA, Global cortical atrophy; MTA, medial temporal atrophy;
PA, posterior atrophy; DWMH, deep white matter hyperintensi-
ties; PVWMH, periventricular white matter hyperintensities; R,
right; L, left; APOE, Apolipoprotein E; NPEs, neuronal-derived
plasma exosomes; CSF, cerebrospinal fluid; MRI, magnetic res-
onance imaging; OCT, optical coherence tomography. Data are
shown as n of participants.

to the ATN classification [25], three groups of
categories were stablished: Alzheimer’s disease con-
tinuum (including A+T-N-, A+T+N-, A+T+N+ and
A+T-N+) was present in 15 participants (17.6%),
non-AD pathologic changes (including A-T+N-, A-
T-N+ and A-T+N+) in 13 participants (15.3%), and
finally, normal AD biomarkers (A-T-N-) in 57 sub-
jects (67%) (Table 6). Lastly, preliminary data based
on MRI visual rating scales are shown in Table 6.
92.7% of the participants had an MTA score < 2,
while 7.2% showed pathological scores (≥2) in the
right hemisphere, with 94.8% versus 5.2% in the left
hemisphere, and similar percentages in GCA and PA
scores (94.8% versus 5.2%, respectively). WMH load
measured with the Fazekas scale showed 95.87%
of participants with a score 0–1, and 4.12% with a
score ≥ 2. Other quantitative measures will be per-
formed using the Freesurfer program and will be
presented in future articles derived from this study.
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DISCUSSION

Longitudinal studies with multimodal biomarkers
are needed to characterize EOMCI patients in order
to deepen the knowledge of the different underlying
biological processes involved in this condition and to
determine which biomarker(s) are more accurate and
cost-effective to diagnose and predict future conver-
sion to dementia, which is especially important in this
age group. In this regard, the BIOFACE study aims to
characterize the different phenotypes of EOMCI from
a clinical, neuropsychological, and biomarker-based
perspective, with a special focus on investigating the
potential role of plasma and NPEs proteomics for an
accurate and early diagnosis of AD.

In our sample, the socio-demographic character-
istics confirm previous findings from other groups
showing that individuals more likely to volunteer
for research studies are mostly women and tend to
have a higher level of education [71]. One of the
characteristics of our cohort is that participants were
recruited using two different methods: the majority
(68%) were referred by their PCP to our Memory
Clinic, which is the standard patient referral; while
32% were recruited from the OHI [26]. This could
reflect the difficulty that young patients sometimes
experience in order to be referred to a specialized
memory clinic [72], having to look for other alterna-
tives to obtain a cognitive assessment [73–75].

Our cohort presents a high frequency (60.8%) of
family history of dementia, supporting the impor-
tance of genetic factors in the pathogenesis of the
disease and the fact that the burden of inherited
dementia is higher in these young patients [2].
Although compared with elderly individuals, youn-
ger patients tend to have fewer comorbidities such
as renal and heart disease, and lower medication
use [2], it should be pointed out that the most
common comorbidities in our sample are persistent
depressive disorder (57.7%) and generalized anxi-
ety disorder (46.4%), which implies a more frequent
use of antidepressants (52.6%), anxiolytics (25.8%),
and hypnotics (17.5%), medications that have been
related to cognitive impairment [2]. Co-existent cere-
brovascular disease is also less common in younger
patients [2], but in our sample cardiovascular risk
factors are quite represented (the most frequent is
dyslipidemia, in 33.4%, followed by hypertension in
29.9% and smoking habit in 24%).

Regarding the cognitive characteristics of our
cohort, we postulate that the high prevalence of psy-
chiatric disorders could be the reason for having a

higher prevalence of “possible” compared to “proba-
ble” MCI syndromic categories (67% versus 33%,
respectively). Besides, it is important to note that
the study includes an extensive neuropsychological
assessment, in order to characterize the different
clinical patterns of EOMCI and to detect atypical
forms of presentation. The differential diagnosis of
MCI is often broad and, although the most common
underlying causes of cognitive impairment are neu-
rodegenerative conditions, their clinical features in
patients younger than 65 years old can differ from
those seen at older ages [2]. Despite presenting simi-
lar histopathological characteristics [76], differences
in clinical and neuropsychological profiles have been
observed between EOMCI and LOMCI patients [3],
as well as a faster progression of cognitive and func-
tional decline in younger individuals [5]. EOMCI
is associated with a higher prevalence of atypical
symptoms [3, 77], compared to the typical amnestic
disorder of LOMCI cases [78]. Several studies have
found that subjects with EOMCI show lower perfor-
mance on praxis, visuospatial skills, language, and
executive functions tests compared with subjects with
LOMCI. In contrast, subjects with EOMCI tend to
get better scores in memory tests [79, 80]. Due to the
atypical symptoms and non-amnestic presentations in
EOMCI, AD is often not properly diagnosed in this
younger population [72]. The fact that younger indi-
viduals have generally a higher educational level and
thus better cognitive reserve also contributes to this
delayed diagnosis [81]. As a result, in order to detect
a broad spectrum of neurodegenerative disorders,
the BIOFACE study included EOMCI patients with
diverse neuropsychological profiles without restric-
tions, in order to compare their different phenotypes
and biological characteristics, and to assess etiolo-
gies and prognosis. In this sense, it is very important
to extend the neuropsychological tests included in the
study, otherwise the clinical phenotype is not going
to be well defined and getting an accurate etiological
diagnosis (mainly based on clinical and neuropsycho-
logical grounds, with biomarker support) would not
be achieved.

Additionally, the study also comprises several que-
stionnaires to assess neuropsychiatric symptoms
(NPS). A significant number of individuals with MCI
who are later diagnosed with a neurodegenerative dis-
order have initially received a psychiatric diagnosis,
being depression the most common [82]. Previous
studies found higher prevalence of NPS in EOAD
[83] and also, in MCI (NPS have been reported in
35% to 85% of adults with MCI [84]). In addition,
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NPS may be the first manifestation of an underly-
ing cognitive disorder and their occurrence for the
first time in later life should increase suspicion for
a neurodegenerative condition [85]. Moreover, the
co-occurrence of NPS with MCI has been associated
with a more rapid cognitive decline [85]. As a result,
due to the high prevalence of NPS in early clinical
stages, they can serve as diagnostic and prognostic
indicators [85].

We also analyze the APOE genotype, the main
genetic risk factor for AD, because of the potential
contribution that APOE �4 allele might have in the
clinical presentation and the disease course. The pres-
ence of APOE �4 allele has been associated with
an earlier age of onset and with a typical amnestic
phenotype in AD, while patients with atypical non-
amnestic early-onset disease seldom carry the APOE
�4 allele [86]. In our preliminary data of the sample,
there is a 29% of APOE �4 carriers, slightly higher
with respect to previous studies in general popula-
tion [86] but lower than in other prospective cohorts
including MCI [87, 88].

Availability of CSF biomarkers highlights the
importance of the biological characterization in order
to achieve a more precise etiological diagnosis. Most
of the participants in the BIOFACE cohort (67%) are
ATN negative, while 18% are under the “AD con-
tinuum” and 15% show non-AD pathologic changes.
Again, the high prevalence of psychiatric symptoms
and other comorbidities like fibromyalgia or cerebral
small vessel disease in the study cohort, could be the
reason of having such high percentage of normal AD
biomarkers (A-T-N-).

Regarding the structural MRI data presented, most
of the participants showed low scores on visual rating
scales (Table 6). In this sense, studies regarding MRI
data in patients with early-onset cognitive impair-
ment have shown that none of the existing visual
rating scales met the requirements for being a good
biomarker (because of their low sensitivity and speci-
ficity), so these results should be interpreted with
caution [89]. Moreover, we should consider the fact
that our sample is remarkably young and on an early
stage of the cognitive impairment spectrum, where
subtle structural changes might be present but can’t be
observed in visual scales yet. Thus, long-term mon-
itoring is necessary in order to obtain more relevant
quantitative MRI data.

The BIOFACE’s protocol also includes other
biomarkers that will allow to measure longitudinally
different pathophysiological processes: in addition to
structural MRI, DTI will be explored as an early

prognostic and diagnostic marker, as studies have
shown that in preclinical AD, microstructural mea-
sures of the rate of water diffusion are altered even
before volumetric changes occur [90]. Further, the
need of non-invasive and cost-effective tools for
early diagnosis entails consideration of others novel
biomarkers that are also included in this study, such as
OCT of the retina, which includes structural and vas-
cular measurements. OCT is an inexpensive, widely
available, quick, and innocuous procedure, and sev-
eral studies have shown thinning of several retinal
layers in AD and MCI patients compared to healthy
controls [91].

In addition, we should consider that the scientific
interest in biomarkers has recently moved to those
based on plasma measurements, due to the inva-
sive, expensive, and not widely available nature of
current CSF and neuroimaging ones. Plasma is a bio-
logical fluid easy to obtain, even in a primary care
setting. In this sense, exosomes, which can be isolated
from plasma samples, are interesting targets for the
early diagnosis of neurodegenerative diseases, such
as AD. The function of exosomes remains unknown,
but different roles have been suggested: they were
originally thought to be a mechanism for cells to
discard unwanted proteins and other molecules and,
more recently, they appear to have a function in inter-
cellular communication [10]. Indeed, exosomes may
participate in the propagation of misfolded proteins
as a number of proteins associated with neurode-
generative diseases have been shown to be released
by cells in association with exosomes [92]. Fur-
thermore, it has been shown that A� peptides are
released into the extracellular environment in asso-
ciation with neuronal exosomes [14], as well as
A�PP and carboxyterminal fragments (proteolyti-
cally cleaved products of A�PP) [13], and could
be involved in A� plaque formation in AD [14].
Additionally, �- and �-secretases have been identi-
fied in exosomes, indicating that cleavage of A�PP
can occur within them [13]. Taking this into con-
sideration, NPEs are potential diagnostic biomarkers
for AD, because they contain both hallmark AD
pathogenic proteins, not only amyloid peptides but
also tau species, which are secreted by neurons in
association with exosomes [93], so it has been sug-
gested exosomes can propagate tau aggregation [15].
Interestingly, in mice models, tau pathology was
induced in brains of normal mice after injection of
NPEs derived from AD patients [15]. In addition,
clinical studies have shown increased levels of p-tau
and A�1–42 in NPEs from AD patients (including
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MCI due to AD) compared to cognitively normal
subjects [15]. These findings were observed also in
preclinical AD (i.e., cognitively unimpaired individ-
uals with abnormal biomarkers [94]) [11]. All in all,
we can state that NPEs likely reflect cerebral pathol-
ogy, serving as a “liquid biopsy”, and also, they may
have prognostic and disease monitoring potential.

Furthermore, it is noteworthy that not only amy-
loid and tau are involved in the pathogenesis of
AD. Recent evidence provided by in vivo studies,
neuroimaging or human genetics have highlighted
the involvement of other molecular mechanisms in
AD pathophysiology: blood-brain barrier disruption,
inflammation, oxidative stress, or vascular damage
[95]. In this regard, neuroinflammation has recently
been suggested as a direct contributor to the pro-
gression of the disease and in the promotion of AD
pathology [96] and inflammatory-related proteins can
be traced in plasma and exosomes (like tumor necro-
sis factor-�, interleukin-1-�) [97], as well as other
proteins related with cellular metabolic processes:
proteins involved in insulin dysregulation (insulin
receptor substrate 1), synaptic proteins, low-density
lipoprotein receptor-related protein 6, and heat shock
proteins [98].

In this sense, proteomics studies in CSF and plasma
of patients across the AD continuum have iden-
tified altered levels of some proteins involved in
vascular, inflammatory, and other pathways, which
could distinguish AD dementia and MCI due to
AD from cognitively normal individuals, suggesting
the potential contribution of these other biomark-
ers for early detection of neurodegeneration [95].
Some of these novels altered biomarkers were:
chitinase-1 (a marker of microglial activation), matrix
metalloproteinase 10 (related to immunity), and
SPARC-related modular calcium-binding protein 2
(SMOC2) (related to vascular dysfunction), which
were increased in CSF; interleukin-8, hydroxya-
cylglutathione hydrolase (HAGH) and caspase 8
(involved in synaptic plasticity and regulation of
microglial pro-inflammatory activation), which were
increased in plasma; while several CSF proteins cor-
related with their analogues in plasma (e.g., HAGH,
SMOC2) [95]. However, plasma analysis presents
some limitations, such the difficulty of measuring,
standardizing thresholds, and replication of obtained
results [99]. In the BIOFACE study, panels of neu-
robiology and inflammatory proteins involved in
different pathways will be studied in CSF, plasma,
and NPEs. The identification of clinically relevant
protein signatures may help to a better understanding

and diagnosis of neurodegenerative diseases. If en-
ough accuracy is shown, NPEs could be considered
as reliable and early AD biomarkers, with additional
benefits of being non-invasive and available in dif-
ferent clinical settings, as only a sample of blood is
required for their analysis.

All in all, this broad and accurate characteriza-
tion is particularly important in this group of young
patients, in which a precise diagnosis is very relevant
due to work-related, family, and social responsibil-
ities. 38% of BIOFACE participants are employed,
therefore, we should consider the implications their
cognitive impairment may entail for their daily job,
with concerns about their ability to keep on working.
Besides, legal and financial planning are important
aspects to be considered as soon as possible in
patients with MCI, especially in those due to a neu-
rodegenerative disorder likely to progress to dementia
over time [100, 101]. As a result, the diagnosis of a
neurodegenerative underlying condition could not be
done lightly and a comprehensive evaluation includ-
ing neuropsychological testing and biomarkers is
critical.

Our study has some limitations to be noted. First
of all, not all recruited participants gave their con-
sent for a CSF sample (n = 85, from a total of 97
patients). Lumbar puncture is an invasive process,
not completely innocuous, that can cause pain or
discomfort to the patient and, as a result, some of
them were reluctant to perform it. However, we
decided to follow-up these patients clinically and
with the rest of procedures stated in the protocol.
Secondly, the small sample size may prevent us from
making robust conclusions. In spite of that, we
should consider that this is a single-center study
and patients with an early-onset cognitive impair-
ment are less frequently derived to a Memory Clinic.
Finally, NPEs are difficult to isolate and process
and it requires a specialized laboratory with char-
acterization equipment, such transmission electron
microscope and immunoprecipitation techniques. As
a result, in case NPEs shed light on biomarker field
for clinical and preclinical AD, it would be necessary
to create laboratory networks for their analysis.

In conclusion, BIOFACE is a longitudinal study
designed to delve into the knowledge of the path-
ophysiology of EOMCI and to investigate the cor-
relation between CSF and plasma proteomics in
EOMCI patients, as well as the role of NPEs as early
biomarkers of AD. This project will shed light on
the research of non-invasive and cost-effective meth-
ods to early and precisely diagnose younger-onset
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cognitive impairment, sometimes even before overt
clinical symptoms, with the ultimate aim of develop
prevention strategies and identify patients that could
benefit of future disease-modifying therapies.
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A, Hernández I, Rosende-Roca M, Mauleón A, Becker JT,
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[61] M Gomá-i-Freixanet S, Puntı́ VJ, Zuckerman M (2004)
Psychometric properties of the Zuckerman-Kuhlman Per-
sonality Questionnaire in a Spanish sample. Eur J Psychol
Assess 20, 134-146.

[62] Scheltens P, Pasquier F, Weerts JGE, Barkhof F, Leys D
(1997) Qualitative assessment of cerebral atrophy on MRI:

Inter- and intra-observer reproducibility in dementia and
normal aging. Eur Neurol 37, 95-99.

[63] Scheltens P, Leys D, Barkhof F, Huglo D, Weinstein HC,
Vermersch P, Kuiper M, Steinling M, Wolters EC, Valk
J (1992) Atrophy of medial temporal lobes on MRI in
“probable” Alzheimer’s disease and normal ageing: Diag-
nostic value and neuropsychological correlates. J Neurol
Neurosurg Psychiatry 55, 967-972.

[64] Koedam EL, Lehmann M, van der Flier WM, Scheltens
P, Pijnenburg YA, Fox N, Barkhof F, Wattjes MP (2011)
Visual assessment of posterior atrophy development of a
MRI rating scale. Eur Radiol 21, 2618-2625.

[65] Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman
RA (1987) MR signal abnormalities at 1.5T in Alzheimer’s
dementia and normal aging. AJR Am J Roentgenol 149,
351-356.

[66] Vanderstichele H, Bibl M, Engelborghs S, Le Bastard
N, Lewczuk P, Molinuevo JL, Parnetti L, Perret-Liaudet,
Shaw LM, Teunissen C, Wouters D, Blennow K (2012)
Standardization of preanalytical aspects of cerebrospinal
fluid biomarker testing for Alzheimer’s disease diagno-
sis: A consensus paper from the Alzheimer’s Biomarkers
Standardization Initiative. Alzheimers Dement 8, 65-73.

[67] Leitao MJ, Silva-Spı́nola A, Santana I, Olmedo V, Nadal
A, Le Bastard N, Baldeiras I (2019) Clinical validation
of the Lumipulse G cerebrospinal fluid assays for rou-
tine diagnosis of Alzheimer’s disease. Alzheimer Res Ther
11, 91.
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