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Abstract
Core Alzheimer’s disease (AD) cerebrospinal fluid (CSF) biomarkers have shown incomplete agreement with amyloid-
positron emission tomography (PET). Our goal was to analyze the agreement between AD CSF biomarkers and amyloid-PET 
in a multicenter study. Retrospective multicenter study (5 centers). Participants who underwent both CSF biomarkers and 
amyloid-PET scan within 18 months were included. Clinical diagnoses were made according to latest diagnostic criteria 
by the attending clinicians. CSF Amyloid  Beta1-42 (Aβ1-42, A), phosphorliated tau 181 (pTau181, T) and total tau (tTau, N) 
biomarkers were considered normal (−) or abnormal ( +) according to cutoffs of each center. Amyloid-PET was visually 
classified as positive/negative. Agreement between CSF biomarkers and amyloid-PET was analyzed by overall percent 
agreement (OPA). 236 participants were included (mean age 67.9 years (SD 9.1), MMSE score 24.5 (SD 4.1)). Diagnoses 
were mild cognitive impairment or dementia due to AD (49%), Lewy body dementia (22%), frontotemporal dementia (10%) 
and others (19%). Mean time between tests was 5.1 months (SD 4.1). OPA between single CSF biomarkers and amyloid-
PET was 74% for Aβ1-42, 75% for pTau181, 73% for tTau. The use of biomarker ratios improved OPA: 87% for Aβ1-42/Aβ1-40 
(n = 155), 88% for pTau181/Aβ1-42 (n = 94) and 82% for tTau/Aβ1-42 (n = 160). A + T + N + cases showed the highest agree-
ment between CSF biomarkers and amyloid-PET (96%), followed by A-T-N- cases (89%). Aβ1-42/Aβ1-40 was a better marker 
of cerebral amyloid deposition, as identified by amyloid tracers, than Aβ1-42 alone. Combined biomarkers in CSF predicted 
amyloid-PET result better than single biomarkers.
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Introduction

Alzheimer’s disease (AD) is the most common cause of 
dementia, affecting 35 million people worldwide, with a 
stable or even decreasing incidence and prevalence [1] 
and representing a huge burden for health-care systems. 
In the past year, two modifying disease treatments for AD, 
Aducanumab and Lecanemab, have been approved by the 
Food and Drug Administration for the treatment of Alzhei-
mer’s disease, and many more are being tested. To receive 
them, it is compulsory that AD is confirmed biologically. 
Autopsy series have shown that approximately 30% of AD 
cases are misdiagnosed [2].

Diagnostic accuracy can be improved using AD bio-
markers [3], such as cerebrospinal fluid (CSF) immuno-
assays and amyloid positron emission tomography scan 
(amyloid-PET). These biomarkers are already included in 
the National Institute on Aging and Alzheimer’s Associa-
tion (NIA-AA) diagnostic criteria 2011 and are pivotal 
in the biological definition of AD in the AT(N) research 
framework [4]. A precise diagnosis helps physicians to 
guide available therapy and to properly advise patients and 
caregivers. AD biomarkers also permit to identify subjects 
in preclinical stages and with mild cognitive impairment 
at risk of evolution to AD dementia, which could benefit 
from a disease-modifying therapy before the effects of 
neurodegeneration are established.

Under the biological definition of AD in the AT(N) 
research framework, biomarkers are grouped into those 
of β amyloid deposition (A), pathologic tau (T), or neu-
rodegeneration (N). The “A” category is defined by amy-
loid  Beta1-42 (Aβ1-42) CSF levels, Aβ1-42/Aβ1-40 ratio in 
CSF or amyloid-PET, “T” by phosphorylated tau (pTau) 
CSF levels or tau-PET and “N” by total tau (tTau) CSF 
levels, structural cranial magnetic resonance (MRI) or 
18F-fluorodeoxyglucose-PET. In clinical practice, to 
obtain a diagnosis of AD with high certainty, the avail-
able amyloid biomarkers are CSF amyloid biomarkers and 
amyloid-PET. Both are surrogate markers of the presence 
of amyloid plaques in the brain, but in addition CSF bio-
markers might provide information about the “T” and “N” 
categories. According to the NIA-AA algorithm, each bio-
marker value can be classified as positive for AD, negative 
or borderline [4].

CSF biomarkers have shown good, but not complete, 
concordance with amyloid-PET classification [5–7]. Sev-
eral causes for this discordance have been described. First, 
amyloid-PET and CSF analysis measure different species 
of Aβ: amyloid-PET ligands bind to aggregated forms of 
Aβ, whereas CSF immunoassays measure mainly soluble 
Aβ [8]. Secondly, both CSF biomarker determination and 
amyloid-PET scans are subject to errors and variability. 

There are preanalytical factors related to collection and 
storage procedures, and analytical factors, such as different 
analysis protocols and techniques, that lead to variability 
in the concentrations of CSF biomarkers [9–11]. Amyloid-
PET results can vary due to radiotracer characteristics, 
subject movement, or amyloid threshold selection, among 
others [12], and visual evaluations are subject to rater-to-
rater variability [13]. Furthermore, every center has its 
own protocol and cutoffs to determine positivity of AD 
CSF biomarkers and amyloid-PET, which could lead to 
differences between centers.

The general aim of this study is to analyze the agreement 
of AD CSF biomarkers and amyloid-PET scan results, the 
two available tests to detect in-vivo amyloid deposition in 
the brain, and, therefore, that allow confirming biological 
ADto a person with cognitive impairment. To expand the 
knowledge about these tests and their limitations in the diag-
nosis of AD, we also aimed to analyze cases in which CSF 
amyloid and amyloid-PET scan have results of opposite sign.

The novelty of this work lies in the fact that the concord-
ance between CSF and Amyloid PET has been analyzed in 
a heterogeneous sample from 5 centers, and that the sample 
is enriched with difficult diagnosis cases that made the clini-
cians request a second amyloid test. For these reasons, we 
believe that the results obtained are of great interest and can 
be extrapolated to different scenarios.

Methods

Study participants

This is a retrospective multicenter study. Six centers in Cata-
lonia, Spain (Hospital de la Santa Creu i Sant Pau, Hospi-
tal del Mar, Hospital Clínic de Barcelona, Hospital Mútua 
de Terrassa, Hospital Santa Maria de Lleida and Hospital 
Germans Trias i Pujol) were invited to participate in the 
study and to send data from participants studied previously. 
The inclusion criteria were consecutive participants studied 
in a dementia unit, who underwent both a lumbar puncture 
to analyze AD CSF biomarkers and an amyloid-PET scan 
between January 2016 and December 2020, with a maxi-
mum time of 18 months between both.

Demographic and clinical data were registered: age at 
first visit, sex, diagnosis, Mini Mental State Examination 
(MMSE) score, Apolipoprotein E ε4 (APOE ε4) allele 
status, and the reason why both tests were performed. 
Diagnoses were made by the attending clinicians accord-
ing to the latest diagnostic criteria and considering clinical 
features and CSF and amyloid PET results. Participants 
enrolled in the study were diagnosed with mild cognitive 
impairment (MCI) due to AD [14], dementia due to AD 
[15], frontotemporal dementia (FTD) [16, 17], dementia 
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with Lewy bodies (LBD) [18], MCI non-AD (participants 
with MCI not fulfilling diagnostic criteria of AD or any 
other neurodegenerative disorder at the time of assess-
ment), vascular dementia[19], depression [20] and subjec-
tive cognitive decline (SCD) [21]. Five of the participants 
were cognitively unimpaired individuals of the Sant Pau 
Initiative on Neurodegeneration cohort that volunteered 
for investigation projects.

To analyze the performance of Elisa Innotest® and fully 
automated Lumipulse® we compared the percentage of 
correctly classified CSF biomarkers (according to amy-
loid-PET) in each group and performed a Fisher’s exact 
test.

CSF biomarkers

CSF biomarkers were analyzed in each center according to 
their own protocols following manufacturer’s instructions. 
All analyses were performed by experienced laboratory per-
sonnel blinded to clinical diagnosis.

Requested data included Aβ1-42, Aβ1-40, pTau and tTau 
levels. Dates of LP and technique used for CSF analysis 
were registered. Each center provided their own cutoffs for 
CSF single biomarkers and ratios. Aβ1-42/Aβ1-40, pTau/Aβ1-42 
and tTau/Aβ1-40 ratios were analyzed only if the center had 
established a specific cutoff for them [22, 23]. CSF biomark-
ers levels were dichotomized in abnormal ( +) or normal 
(-) according to the cutoff points of each center. Then, we 
obtained the ATN profiles: A + T + N + , A-T-N-, A + T + N-, 
A + T–N + , A-T-N + or A-T + N-.

We also performed an exploratory analysis using a tri-
chotomization strategy: the values within 20% of the stand-
ard deviation from the respective cutoff of each biomarker 
for each center were classified as borderline [24]. We ana-
lyzed the new ATN profiles resulting from trichotomiza-
tion of Aβ1-42 and Aβ1-42/Aβ1-40. Results of borderline 
Aβ1-42 and borderline Aβ1-42/Aβ1-40 did not differ from 
positive Aβ1-42 and Aβ1-42/Aβ1-40.

The “A” category was assessed using Aβ1-42 levels and 
Aβ1-42/Aβ1-40 ratio when available, and both results were 
included in the analysis.

Amyloid‑PET

Amyloid-PET scans were performed in each center accord-
ing to their own protocols and classified in positive or nega-
tive based on visual interpretation. Dates of amyloid-PET 
acquisition and used tracer were also registered. The choice 
of PET tracers was based on availability at each center. 
Amyloid-PET was evaluated according to current guidelines 
and experienced nuclear medicine physicians.

Statistical analysis

We compared clinical and demographic characteristics of 
all participants based on visual amyloid-PET status using 
Welch two-sample t-test or Fisher’s exact test. To analyze 
the performance of CSF biomarkers and ratios compared to 
amyloid-PET visual status we performed receiver operating 
characteristic (ROC) analysis to calculate areas under the 
curve with 95% confidence interval. We determined positive 
percent agreement (PPA) (or sensitivity), negative percent 
agreement (NPA) (or specificity) and overall percent agree-
ment (OPA) between CSF biomarker results and amyloid-
PET visual interpretation. To analyze the performance of 
Elisa Innotest® and fully automated Lumipulse® we com-
pared the percentage of correctly classified CSF biomarkers 
(according to amyloid-PET) in each group and performed a 
Fisher’s exact test. Data was analyzed using Stata software, 
Stata/IC 16.

Results

Demographic, biomarker, APOE and clinical data

We received data about 305 participants. Sixty-nine partici-
pants were excluded: 30 for having a time between LP and 
PET > 18 months, 30 for not having information about pTau 
and/or tTau, 7 for having a doubtful amyloid PET result and 
2 for not having a final clinical diagnosis. Finally, 236 par-
ticipants from 5 centers were included in the study.

Table 1 summarizes demographic, APOE and clinical 
data according to amyloid-PET status. Comparing amyloid-
PET + and amyloid-PET- participants, there were no differ-
ences in age at first visit, sex, time difference between LP 
and amyloid-PET acquisition, technique used to CSF analy-
sis, tracer used to amyloid-PET or reason for doing both a 
LP and an amyloid-PET scan. MMSE scores were lower in 
the amyloid-PET + group. As expected, there was a higher 
proportion of APOEε4 carriers in the amyloid-PET + group 
compared to the amyloid-PET- (54% and 24%, respectively). 
Reasons for doing both LP and amyloid-PET were: partici-
pation in an observational research project (n = 124, 53%) 
or a clinical trial (n = 26, 11%) which required both tests or 
the test not done previously or an inconclusive CSF result / 
unclear clinical diagnose after the first test results (n = 23, 
10%); there were no differences between amyloid-PET + and 
amyloid-PET- groups. In 5 out of 23 inconclusive CSF result/
unclear clinical diagnose cases the clinician was not confident 
with the diagnosis after the first test results and a second test 
was performed. In the other 18 cases, the CSF result was not 
definite to confirm or rule out AD and an amyloid-PET scan 
was performed. The most frequent profile in these cases was 
A + T-N- (n = 14), including 6 cases in which the amyloid-PET 
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scan was negative (2 cases diagnosed as FTD, 3 as MCI non 
degenerative and one as MCI due to AD) and 8 cases in which 
the amyloid-PET scan was positive (all of them diagnosed 
of MCI/dementia due to AD). Other AT(N) profiles in this 
group were A-T + N + (n = 3) and A + T-N + (n = 1), and all 
had a positive amyloid-PET scan result and final diagnoses of 
MCI/dementia due to AD.

Agreement between CSF biomarkers and amyloid 
PET

Globally, Aβ1-42 showed 74% OPA with amyloid-PET, pTau 
showed 75% OPA, and tTau showed 73% OPA. The use of 

a second biomarker resulted in an increase of the agreement 
between CSF biomarkers and amyloid PET: Aβ1-42/Aβ1-40 
(n = 155) showed 86% OPA, pTau/Aβ1-42 (n = 94) showed 
88% OPA, and tTau/Aβ1-42 (n = 160) showed 82% OPA. 
Global and individual center results and the areas under the 
curve of CSF biomarkers are presented in Table 2.

[Table 2. Cutoffs of CSF biomarkers and agreement 
between CSF biomarkers and amyloid-PET.]

In the subgroup of participants with available Aβ1-42 /
Aβ1-40 ratio (n = 155), only 75% of participants with abnor-
mal Aβ1-42 in CSF (n = 117) had a positive amyloid-PET, 
increasing to 87% (84/97) when the Aβ1-42/Aβ1-40 ratio was 
also abnormal and decreasing to 20% (4/20) when the ratio 

Table 1  Demographic and 
clinical characteristics and 
biomarker results, according to 
amyloid-PET status

Unless otherwise specified, results are presented as mean (standard deviation)
MMSE mini-mental state examination; MCI mild cognitive impairment; AD Alzheimer’s disease, CSF cer-
ebrospinal fluid; LP lumbar puncture; PET positron emission tomography
P–values were calculated by comparing amyloid-positive and amyloid-negative participants using Welch 
two-sample t-test (†) or Fisher’s exact test (‡)

All participants Amyloid positive Amyloid negative P value

n (%) 256 154 (60%) 102 (40%) –
Age at diagnosis, years 67.6 (9.0) 68.1 (9.1) 66.9 (8.8) 0.290†
Sex, female/male (% female) 144/112 (56%) 84/70 (55%) 60/42(59%) 0.522‡
APOEε4 ± (% +) n = 214 88/126(41%) 67/58 (54%) 21/68 (24%)  < 0.001‡
MMSE score 24.6 (4.3) 23.9 (4.3) 25.6 (4.1) 0.003†
Time difference between amyloid-

PET and LP, months
4.9 (4.0) 4.8 (4.0) 4.9.0 (4.2) 0.808†

Clinical diagnosis, n (%)  < 0.001‡
MCI due to AD 78 (100%) 71 (91%) 7 (9%) –
Dementia due to AD 48 (100%) 46 (96%) 2 (4%) –
Dementia with Lewy bodies 53 (100%) 27 (51%) 26 (49%) –
Frontotemporal dementia 25 (100%) 1 (4%) 24 (96%) –
MCI non degenerative 16 (100%) 0 (0%) 16 (100%) –
MCI not specified 17 (100%) 4 (24%) 13 (76%)
Vascular dementia 5 (100%) 1 (20%) 4 (80%)
Depressive pseudodementia 2 (100%) 0 (0%) 2 (100%)
Subjective memory complaints 7 (100%) 1 (14%) 6 (86%)
Cognitively unimpaired individuals 5 (100%) 3 (60%) 2 (40%)
CSF analysis
Innotest® 82 (100%) 46 (56%) 36 (44%) 0.412‡
Lumipulse® 174 (100%) 108 (62%) 66 (38%)
Reason for LP and amyloid-PET 0.334‡
Clinical assay 26 (100%) 18 (69%) 8 (31%) –
Inconclusive CSF result/clinical 

diagnose unclear after the first test
27 (100%) 18 (67%) 9 (33%) –

Investigation project 124 (100%) 73 (59%) 51 (41%) –
Center’s own protocol 15 (100%) 12 (80%) 3(20%) –
Not available information 64 (100%) 33 (52%) 31 (48%)
PET tracer 0.040‡
18F- Florbetapir 181 (100%) 100 (55%) 81 (45%) –
18F-Flutemetamol 54 (100%) 40 (74%) 14 (26%) –
18F-Florbetaben 21 (100%) 14 (67%) 7 (33%) –
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was normal. Of all participants with normal Aβ1-42 (n = 38), 
87% had a negative amyloid-PET, increasing to 91% when 
the ratio was normal (31/34) and decreasing to 50% (2/4) 
when the ratio was abnormal.

Agreement between CSF biomarkers and amyloid 
PET comparing ATN profiles

One hundred and twenty-three participants (52.1%) had 
a A + T + N + (n = 77) or A-T-N- (n = 46) profile and 113 
(47.9%) had a A-T + /N + or A + T-/N- profile (Table 3).

[Table  3. Agreement between CSF biomarkers and 
amyloid-PET.]

Summarized data according to ATN profile can be found 
in Table 1 Supplementary. In the A + T + N + group, 74/77 
(96%) participants showed a positive amyloid-PET scan. 
A + T + N + participants showed the highest proportion of 
APOEε4 (52%), the lowest mean MMSE (23.5 (SD 4.5)) 
and AD diagnosis (MCI or dementia due to AD) represented 

75% of diagnoses in this group. 17 participants in this group 
were diagnosed with dementia with Lewy bodies follow-
ing McKeith criteria and AD was considered co-pathology. 

Table 2  Cutoffs of CSF biomarkers and agreement between CSF biomarkers and amyloid-PET

CSF cerebrospinal fluid; PET positron emission  tomography; PPA positive percent agreement; NPA negative percent agreement; OPA overall 
percent agreement; AUC  area under the curve; Aβ1-42 amyloid  Beta1-42; pTau phosphorilated tau; tTau total tau

Center CSF biomarker Cutoff PPA % NPA % OPA % AUC (95% CI)

H. de la Santa Creu i Sant 
Pau (n = 94)

Aβ1-42 916 pg/mL 95 49 78 0.76 (0.65–0.86)
pTau 63 pg/mL 80 83 81 0.83 (0.74–0.93)
tTau 456 pg/mL 75 83 78 0.79 (0.70–0.90)
Aβ1-42 /Aβ1-40 0,062 88 77 84 0.86 (0.77–0.96)
pTau/Aβ1-42 0.068 93 80 88 0.88 (0.79–0.97)
tTau/Aβ1-42 0.62 81 80 81 0.87 (0.77–0.95)

H. Mútua de Terrassa
(n = 67)

Aβ1-42 629 pg/mL 49 81 64 0.80 (0.68–0.91)
pTau 88 pg/mL 51 71 61 0.64 (0.51–0.80)
tTau 532 pg/mL 57 69 63 0.70 (0.57–0.82)
tTau/Aβ1-42 0.58 81 79 80 0.89 (0.82–0.97)

H. Clínic de
Barcelona
(n = 46)

Aβ1-42 600 pg/mL 96 52 78 0.84 (0.71–0.97)
pTau 65 pg/mL 67 89 76 0.87 (0.77–0.97)
tTau 385 pg/mL 70 84 76 0.86 (0.76–0.97)
Aβ1-42 /Aβ1-40 0.07 100 74 89 0.95 (0.86–1.00)

H. Santa
Maria de
Lleida
(n = 15)

Aβ1-42 600 pg/mL 82 50 73 0.81 (0.51–1.00)
pTau 60 pg/mL 91 75 87 0.98 (0.91–1.00)
TTau 450 pg/mL 91 100 93 0.98 (0.91–1.00)

H. del Mar
(n = 15)

Aβ1-42 750 pg/mL 86 75 80 0.82 (0.58–1.06)
pTau 69,85 pg/mL 86 75 80 0.77 (0.51–1.00)
tTau 522 pg/mL 57 75 67 0.82 (0.60–1.00)
Aβ1-42 /Aβ1-40 0.062 100 75 87 0.89 (0.72–1.00)

Global
(n = 236)

Aβ1-42 (n = 236) 82 62 74
pTau (n = 236) 71 79 75
tTau (n = 236) 70 78 73
Aβ1-42 /Aβ1-40(n = 155) 92 76 86
pTau/Aβ1-42 n = (n = 94) 93 80 88
tTau/Aβ1-42 (n = 160) 83 80 82

Table 3  Agreement between CSF biomarkers and amyloid-PET

CSF cerebrospinal fluid; PET  positron  emission  tomography; Aβ1-42 
amyloid  Beta1-42

ATN status All par-
ticipants

Amyloid positive Amyloid negative

A + T + N + 77 74 (96%) 3 (4%)
A-T-N- 46 5 (11%) 41 (89%)
A + T-N- 61 32 (52%) 29 (48%)
A + T + N- 8 5 (63%) 3 (37%)
A + T-N + 5 3 (60%) 2 (40%)
A-T + N + 31 20 (65%) 11 (35%)
A-T + N- 3 0 3 (100%)
A-T-N + 5 0 5 (100%)
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Three out of 77 participants with the A + T + N + profile pre-
sented a negative amyloid-PET scan: 60- and 73-year-old 
males with diagnosis of AD and a 71-year-old male with 
diagnosis of LBD; in the three cases Aβ1-42/Aβ1-40, pTau/
Aβ1-42 and tTau/Aβ1-42 were also positive. In the A-T-N- 
group, 41/46 (89%) participants had a negative amyloid-PET 
scan. A-T-N- participants showed the lowest proportion of 
APOEε4 (20%), the highest mean MMSE (25.9 (SD 2.8)) 
and AD diagnosis only accounted for 9% of participants in 
this group. Five participants out of 46 with A-T-N- had a 
positive amyloid-PET, they had final diagnoses of MCI or 
dementia due to AD (n = 3), LBD (n = 1) and MCI non-AD 
(n = 1); in all cases tTau/Aβ1-42 (plus Aβ1-42/Aβ1-40, pTau/
Aβ1-42 in one case) were also negative. In the A + T-/N- 
group, 40/74 (54%) participants had a positive amyloid-PET 
scan and 34 (46%) had a negative amyloid-PET scan. 46% 
of participants carried the APOEε4 allele, mean MMSE 
was 25.0 (SD 4.6) and AD diagnosis accounted for 44% of 
participants. In the A-T + /N + group, 20/39 (51%) partici-
pants had a positive amyloid-PET, and 19 participants (49%) 
had a negative amyloid-PET. 35% participants carried the 
APOEε4 allele, mean MMSE was 24.2 (SD 4.6) and AD 
diagnosis accounted for 54% of participants. The agreement 
between Aβ1-42 CSF and PET was very high in A + T + N + / 
A-T-N- profiles (PPA 96%, NPA 89%, OPA 93%), but low 
in A + T-/N- and A-T + /N + profiles (PPA 54%, NPA 49%, 
OPA 52%). In the subgroup of participants with available 
Aβ1-42 /Aβ1-40 ratio (n = 155), when Aβ1-42 /Aβ1-40 ratio was 
used to assess the A category instead of Aβ1-42 alone, 3 more 

participants were included in the A + T + N + group (2 of 
them with a positive amyloid-PET) and 19 more participants 
in the A-T-N- group (15 of them with a negative amyloid-
PET) (Table 4). Comparing agreement of CSF biomark-
ers with amyloid-PET in this subgroup of participants, in 
A + T + N + and A-T-N- subgroups, Aβ1-42/Aβ1-40 ratio (PPA 
94%, NPA 89%, OPA 92%) showed a similar performance 
to Aβ1-42 (PPA 95%, NPA 94%, OPA 95%), whereas in 
A + T-/N- and A-T + /N + profiles the performance of Aβ1-42/
Aβ1-40 ratio (PPA 67%, NPA 78%, OPA 69%) improved com-
pared to Aβ1-42 (PPA 50%, NPA 67%, OPA 53%).

[Table 4. Agreement between CSF biomarkers and amy-
loid-PET. Comparison of  AB1-42 vs Aβ1-42 /Aβ1-40].

Agreement between CSF Aβ1‑42 with amyloid‑PET 
by diagnosis

We analyzed the agreement between CSF Aβ1-42 and 
amyloid-PET by clinical diagnosis through OPA. Of note, 
reported diagnoses are after the biomarker results. In MCI 
due to AD, Aβ1-42 had OPA of 80% (95% in A + T + N + , 
61% in other ATN profiles), in dementia due to AD OPA 
of 67% (87% in A + T + N + , 48% in other ATN profiles), 
in LBD OPA of 75% (94% in A + T + N + , 93% in A-T-N-, 
48% in other ATN profiles), in FTD OPA of 61% (100% in 
A-T-N-, 44% in other ATN profiles), in MCI non-AD OPA 
of 70,6%, in subjective memory complaints OPA of 100%, 
in vascular dementia OPA of 75%, in cognitively normal 

Table 4  Agreement between 
CSF biomarkes and amyloid-
PET

Comparison of  AB1-42 vs Aβ1–42 /Aβ1–40

CSF cerebrospinal fluid; PET  positron  emission  tomography; Aβ1-42 amyloid  Beta1-42; Aβ1-40 amyloid 
 Beta1-40

ATN status (AB 1–42) All participants Amyloid positive Amyloid negative

A + T + N + 65 62 (95%) 3 (5%)
A-T-N- 26 1 (4%) 25 (96%)
A + T-N- 42 20 (48%) 22 (52%)
A + T + N- 8 5 (63%) 3 (37%)
A + T-N + 2 1 (50%) 1 (50%)
A-T + N + 7 4 (57%) 3 (43%)
A-T + N- 1 0 1 (100%)
A-T-N + 4 0 4 (100%)
ATN status Aβ1-42 /Aβ1-40

A + T + N + 68 64 (94%) 4 (6%)
A-T-N- 45 5 (11%) 40 (89%)
A + T-N- 23 16 (70%) 7 (30%)
A + T + N- 8 5 (63%) 3 (37%)
A + T-N + 2 1 (50%) 1 (50%)
A-T + N + 4 2 (50%) 2 (50%)
A-T + N- 1 0 1 (100%)
A-T-N + 4 0 4 (100%)
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controls OPA of 60%, in depressive pseudodementia OPA 
of 100%.

Trichotomization of CSF biomarkers

We applied a trichotomization strategy by considering CSF 
results within 20% of the standard deviation of the mean as 
borderline. Aβ1-42 showed 14.8% of borderline results, 23.3% 
for pTau and 64.4% for tTau. Regarding combined biomark-
ers, 11.0% of Aβ1-42/Aβ1-40, 21.3% of pTau/Aβ1-42 and 18.1% 
of tTau/Aβ1-42 were borderline.

When borderline Aβ1-42 values were excluded from the 
analysis, OPA between CSF amyloid biomarkers and amy-
loid-PET increased by 3% for Aβ1-42 and tTau and 2% for 
pTau. When borderline Aβ1-42/Aβ1-40 values were excluded, 
OPA Aβ1-42 and amyloid-PET did not change and increased 
by 2% for pTau and 3% for tTau (Table 2 Supplementary, 
Table 3 Supplementary).

Agreement between CSF Aβ1‑42 with amyloid‑PET 
by CSF analysis tool.

Aβ1-42 analyzed with Lumipulse® showed a higher agree-
ment with PET compared to Innotest® (65.4 vs 78.1, 
p = 0.043), as did pTau analyzed with Lumipulse® (65.4 vs 
79.4, p = 0.027). We did not find differences in tTau (67.9 
vs 76.1, p = 0.215) or tTau/Aβ1-42 (83.3 vs 80.9, p = 0.835). 
Aβ1-42/Aβ1-40 and Aβ1-42/pTau were analyzed only with 
Lumipulse®.

Multicenter study

Results reflect the variability corresponding to a 5-center 
study, emphasizing different sample sizes (from 15 to 94 
participants), different CSF biomarkers cutoffs and different 
laboratory techniques. The greater differences between PPA 
and NPA were found for Aβ1-42. PPA values varied from 51 
to 100% between centers, NPA values varied from 49 to 
100%, OPA values varied from 61 to 93%, and AUC varied 
from 0.64 to 0.95. In all cases Aβ1-42/Aβ1-40, pTau/Aβ1-42 
and tTau/Aβ1-42 improved agreement and AUC compared 
to single biomarkers (Table 2).

Discussion

In our study, we analyzed the agreement between CSF bio-
markers (Aβ1-42, pTau, tTau) and their ratios (Aβ1-42/Aβ1-40, 
Aβ1-42/pTau, Aβ1-42/tTau,) with amyloid-PET in a hetero-
geneous sample of participants from 5 centers. Different 
laboratory protocols, CSF analysis techniques (Innotest®, 
Lumipulse®), biomarker cut-off points and amyloid-PET 

tracers (18F-Florbetaben, 18F-Flutemetamol) were used. 
Regarding the diagnoses, there were participants with neu-
rodegenerative diseases, non-neurodegenerative diseases, 
subjective memory complaints and cognitively unimpaired 
individuals. Both a LP and an amyloid-PET scan had been 
performed, in the framework of clinical trials, research pro-
jects or a non-conclusive first test. In the five centers, the 
use of a second CSF biomarker resulted in an increase of the 
agreement with amyloid-PET. The highest agreement was 
found in participants with an A + T + N + profile.

Clinical indication of AD CSF biomarkers and amyloid-
PET is similar and there are no studies that show if one 
test is preferable over the other one in clinical practice. It’s 
well known that lumbar puncture is more invasive, although 
well tolerated [25], and that amyloid-PET is more expen-
sive. A recent study has explored cost-effectiveness of these 
two tests in the diagnosis of AD among subjects with early 
onset cognitive decline, concluding that amyloid-PET is not 
a cost-effective technique compared to AD CSF biomarkers 
[26]. Both share the need to establish thresholds for positiv-
ity, leading to a binary separation of positive and negative 
results, while the AD pathophysiological process is more 
complex, and each biomarker has its own and different tra-
jectory [27]. The LP has the advantage of providing informa-
tion about the three components of the ATN framework in 
one test. Other advantages of obtaining CSF through a LP 
are to allow analyzing other biomarkers such as α-synuclein, 
14–3-3 protein or neurofilament light chain, which could be 
especially useful to complete the diagnostic study if AD CSF 
biomarkers are negative.

Aβ1-42/Aβ1-40, pTau/Aβ1-42 and tTau/Aβ1-42 ratios showed 
a better agreement with amyloid-PET than individual bio-
markers. These results are in line with recent studies [5, 
28–30] demonstrating that the use of CSF ratios improves 
agreement with amyloid-PET over using single biomarkers. 
Firstly, normalizing Aβ1-42 to the concentration of Aβ1-40, a 
peptide that is much more abundant in CSF, may compensate 
individual differences in amyloid precursor protein process-
ing and provide a more specific information on the patho-
logical amyloidosis deposition [31]. In this line, a recent 
work demonstrated that the Aβ1–42/Aβ1–40 ratio in CSF is 
more strongly associated to tau markers and clinical progres-
sion than Aβ1–42 alone [32]. In the same way, another recent 
work showed that global cortex standardized uptake value 
ratios of amyloid deposition in amyloid-PET correlated 
highly with CSF Aβ1-42/Aβ1-40 and moderately with Aβ1-42 
but not with Aβ1-40 [30]. Our results replicate those of Amft 
et al., that made a comparison between amyloid-PET and 
CSF biomarkers with pre-defined cut-offs in a clinical cohort 
with memory deficits, showing that combined biomarkers 
in CSF, specially pTau/Aβ1-42 and Aβ1-42/Aβ1-40, predicted 
amyloid-PET result better than Aβ1-42 [33]. Secondly, it 
has been described that CSF Aβ1-42 levels can be abnormal 
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earlier in the disease course [34] than amyloid-PET visual 
read. Therefore, combining Aβ1-42 in a ratio with pTau or 
tTau, markers that are abnormal later in the disease, may 
correspond better to amyloid-PET visual read.

When comparing ATN profiles, in our study participants 
with an A + T + N + or A-T-N-profile had the highest agree-
ment between Aβ1-42 and amyloid-PET. About 2/3 of the 
participants with a A-T + N + profile had a positive amyloid-
PET, and 50% of the participants with A + T-N- profile had 
a positive amyloid-PET. In the last group, the positivity of 
Aβ1-42 in CSF but not in the amyloid-PET could be explained 
by a low concentration of total amyloid peptides (that cor-
rects by normalizing to the concentration of Aβ1-40) or a 
very initial phase of AD, in which Aβ1-42 becomes positive 
in CSF before it does in amyloid-PET.

Several reasons may contribute to the limitation of agree-
ment between both methods in this study: as we mentioned, 
the clearcut separation between negative and positive 
patients in relation to a given biomarker is somehow artifi-
cial and differs between sites and studies. In our study, when 
we eliminated the borderline Aβ1-42 and Aβ1-42/Aβ1-40 values 
from the analysis, we found small changes in the agreement 
between CSF amyloid biomarkers and amyloid-PET. There-
fore, the lack of agreement between the two techniques could 
not be attributed to the borderline values or could explain 
only a small part of this lack of agreement. Regarding CSF 
analysis techniques, automated platforms such as Lumi-
pulse® reduce manual steps as a source of variation; recent 
studies directly comparing measurements with Lumipulse® 
with Innotest® showed reduced intra- and inter-assay vari-
ability on the Lumipulse® [35]. However, in this study, 34% 
of CSF biomarkers were determined using Innotest®. In our 
study, measurements of Aβ1-42 and pTau made with Lumi-
pulse ® showed a better agreement with amyloid-PET than 
those made with Innotest®. However, this is not a study 
designed to compare these two techniques and there are 
confounding factors (such as the reason for which the two 
tests were performed) that are not equally distributed in the 
two groups. Finally, regarding amyloid-PET analysis, the 
use of the centiloid quantification scale instead of the visual 
read may reduce the variability and identify earlier stages of 
amyloid accumulation [36, 37].

In this multicenter study, each of the participating cent-
ers developed their own cut-off points for each biomarker 
maximizing sensitivity and specificity. Therefore, mean val-
ues of biomarkers are different and not comparable between 
centers.

Time between LP and PET-scan can influence the 
results of the study. As it is well known, CSF AB1-42 
starts to decrease in CSF before amyloid accumulation is 
detected by PET imaging, and both precede CSF p-Tau 
and t-Tau increase in CSF. Previous studies described that 
CSF Aβ42 was fully abnormal 5–10 years or more before 

dementia diagnosis, there was little change in the ana-
tomical extent of amyloid PET over time in individuals 
with mild AD while it was static by the time the patients 
became demented. By contrast, both CSF t-tau and p-tau 
became progressively more abnormal as the time to diag-
nosis of dementia decreased, in periods of 2.5 years previ-
ous to dementia [38, 39]. [Jack, Forster] We set the time 
limit at 18 months to control that the time difference was 
not responsible for the lack of agreement between bio-
markers. The mean time between both tests was 5 months, 
a period that would normally elapse in clinical practice 
between the two tests, and in which we expect no changes 
or minimal changes in CSF biomarker levels and no 
changes in the result of the amyloid PET.

This study has some limitations that need to be taken 
into consideration. In the first place, suspected diagnoses 
before CSF biomarkers and amyloid PET results were not 
registered. Therefore, valuable information regarding the 
agreement of both tests according to initial clinical ori-
entation is lost. Secondly, participants came from differ-
ent centers attending diverse populations, using different 
biomarker cut-offs, CSF platform analysis and PET tracers 
and therefore resembling those of daily clinical practice. 
But also, some patients participating in clinical assays and 
research projects may have been carefully selected, with 
none or few comorbidities, and those with a non-conclu-
sive first tests were probably of high complexity, compared 
to the characteristics of patients in real-world daily clinical 
practice. Finally, the number of patients in some of the 
centers and in some of the diagnostic categories was small.

The main strength of this study is that it is a multicenter 
study with the participation of 5 centers that used differ-
ent protocols for CSF biomarker analyses, different cutoffs 
for biomarkers positivity and different PET tracers, so the 
results resemble the heterogeneity of daily clinical prac-
tice. We are aware of some limitations: diagnoses reported 
in the study considered the result of biomarkers; since this 
was a retrospective study, it was not possible to systemati-
cally record the clinical diagnosis prior to the biomarkers 
use. Also, sample size of the 5 centers was different and 
some of the clinical categories included a small number 
of participants.

In conclusion, in this heterogeneous multicenter study, 
combined biomarkers in CSF (Aβ1-42/Aβ1-40, pTau/Aβ1-42, 
tTau/Aβ1-42) were better markers of cerebral amyloid 
deposition, as identified by amyloid tracers, than single 
biomarkers (Aβ1-42, pTau, tTau). Participants with an 
A + T + N + profile had a high percentage of positive amy-
loid-PET scans (96%) and those with an A-T-N- profile of 
negative amyloid-PET scans (89%), whereas participants 
with an A + T-N- profile had the same proportion of posi-
tive (49%) and negative (51%) amyloid-PET scans.
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In conclusion, in this heterogeneous multicenter study, 
combined biomarkers in CSF (Aβ1-42/Aβ1-40, ptau/Aβ1-42, 
tTau/Aβ1-42) were better markers of cerebral amyloid depo-
sition, as identified by amyloid tracers, than single biomark-
ers (Aβ1-42, pTau, tTau). In participants with A + T + N + and 
A-T-N- profiles, CSF Aβ1-42 and amyloid-PET were of the 
same sign, whereas those with a A + T-N- profile had the 
same proportion of positive and negative amyloid-PET scans.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00406- 023- 01701-y.

Acknowledgements The authors thank participants and their relatives 
for their participation in the research.

Author contributions Conceptualization: NG, AL; Formal analysis: 
NG, AL; Investigation and Resources: all authors; Writing—original 
draft preparation: NG; Writing—review and editing: all authors; Fund-
ing acquisition: NG, MB, DA, AL, JF, GP-R, AL. Supervision: AL.

Funding Open Access funding provided thanks to the CRUE-
CSIC agreement with Springer Nature. Instituto de Salud Car-
los III, PI19/00449, Albert Lladó, FI20/00076, Núria Guillén 
Soley, PI18/00435, Daniel Alcolea,INT19/00016, Daniel 
Alcolea, PI17/01896,Alberto Lleó, AC19/00103, Alberto Lleó, 
PI14/01126, Juan Fortea,PI17/01019, Juan Fortea, PI20/01473, Juan 
Fortea,Departament de Salut,Generalitat de Catalunya, PERIS 2016-
2020 SLT008/18/00061, Albert Lladó, PERIS 2019 SLT008/18/00050, 
Gerard Piñol-Ripoll, SLT006/17/125, Daniel Alcolea, PERIS 
SLT002/16/408, Alberto Lleó,AGAUR,Alberto Lleó,SLT006/17/119, 
Juan Fortea,Diputació de Lleida, PIRS2021, Gerard Piñol-
Ripoll,Centro de Investigación Biomédica en Red sobre Enferme-
dades Neurodegenerativas, Program 1, Alberto Lleó,Alzheimer 
Disease,Alberto Lleó,Fundació la Marató de TV3, 20142610,Alberto 
Lleó, 20141210,Juan Fortea,Fundación BBVA,Foundation for the 
National Institutes of Health,1R01AG056850-01A1, Juan Fortea, 
R21AG056974,Juan Fortea,R01AG061566, Juan Fortea, Fundació 
Docència i Recerca Mútua de Terrassa, 2022, Mariateresa Buongiorno.

Data availability The data that support the findings of this study are not 
openly available due to reasons of sensitivity and are available from the 
corresponding author upon reasonable request.

Declarations 

Conflict of interest On behalf of all authors, the corresponding au-
thor states that there is no conflict of interest. This study has been 
funded by Instituto de Salud Carlos III (ISCIII) through the project 
PI19/00449 (to A Lladó) and co-funded by the European Union and 
CERCA Program/Generalitat de Catalunya. Albert Lladó also re-
ceived funding from Departament de Salut – Generalitat de Catalu-
nya (PERIS 2016–2020 SLT008/18/00061). Núria Guillén received 
funding by Instituto de Salud CarlosIII (ISCIII) through the project 
FI20/00076 and co-funded by the European Union. Gerard Piñol-
Ripoll received fundind from the Government of Catalonia, Depart-
ment of Health (PERIS 2019 SLT008/18/00050) and the IRBLleida-
Diputació de Lleida (PIRS2021). Daniel Alcolea received funding 
from Institute of Health Carlos III (ISCIII), Spain PI18/00435 and 
INT19/00016, and the Department of Health Generalitat de Catalu-
nya PERIS program SLT006/17/125. Alberto Lleó received research 
grants from CIBERNED (Program 1, Alzheimer Disease), Institute of 
Health Carlos III (PI17/01896 and AC19/00103), Generalitat de Cata-
lunya (PERIS SLT002/16/408 and AGAUR), Fundació La Marató de 
TV3 (20142610) and Fundación BBVA. Juan Fortea received research 

grants from Institute of Health Carlos III (PI14/01126, PI17/01019 
and PI20/01473), National Institutes of Health (1R01AG056850-
01A1; R21AG056974; and R01AG061566), Fundació La Marató de 
TV3 (20141210), and Pla Estratègic de Recerca i Innovació en Salut 
(PERIS) SLT006/17/119. Mariateresa Buongiorno was supported by a 
grant awarded by Fundació Docència i Recerca MútuaTerrassa (2022).

Ethical approval Approval was obtained from the six centers Ethics 
Committees. The procedures used in this study adhere to the tenets of 
the Declaration of Helsinki. Informed consent was obtained from all 
individual participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Wolters FJ, Chibnik LB, Waziry R et al (2020) Twenty-seven-year 
time trends in dementia incidence in Europe and the United States: 
The Alzheimer Cohorts Consortium. Neurology 95:e519–e531. 
https:// doi. org/ 10. 1212/ WNL. 00000 00000 010022

 2. Sarto J, Mayà G et al (2022) Evolution of clinical-pathological 
correlations in Early-onset Alzheimer’s Disease Over a 25-year 
period in an Academic Brain Bank. Jad 87:1659–1669. https:// 
doi. org/ 10. 3233/ JAD- 220045

 3. Falgàs N, Tort-Merino A, Balasa M et al (2019) Clinical appli-
cability of diagnostic biomarkers in early-onset cognitive impair-
ment. Eur J Neurol 26:1098–1104. https:// doi. org/ 10. 1111/ ene. 
13945

 4. Jack CR, Bennett DA, Blennow K et al (2018) NIA-AA research 
framework: Toward a biological definition of Alzheimer’s disease. 
Alzheimer’s & Dementia 14:535–562. https:// doi. org/ 10. 1016/j. 
jalz. 2018. 02. 018

 5. Hansson O, Seibyl J, Stomrud E et al (2018) CSF biomarkers 
of Alzheimer’s disease concord with amyloid-β PET and predict 
clinical progression: a study of fully automated immunoassays in 
BioFINDER and ADNI cohorts. Alzheimer’s Dement 14:1470–
1481. https:// doi. org/ 10. 1016/j. jalz. 2018. 01. 010

 6. Toledo JB, Bjerke M, Da X et al (2015) Nonlinear association 
between cerebrospinal fluid and Florbetapir F-18 β-amyloid meas-
ures across the spectrum of alzheimer disease. JAMA Neurol 
72:571. https:// doi. org/ 10. 1001/ jaman eurol. 2014. 4829

 7. Schindler SE, Gray JD, Gordon BA et al (2018) Cerebrospinal 
fluid biomarkers measured by Elecsys assays compared to amyloid 
imaging. Alzheimer’s Dement 14:1460–1469. https:// doi. org/ 10. 
1016/j. jalz. 2018. 01. 013

 8. Blennow K, Mattsson N, Schöll M et al (2015) Amyloid biomark-
ers in Alzheimer’s disease. Trends Pharmacol Sci 36:297–309. 
https:// doi. org/ 10. 1016/j. tips. 2015. 03. 002

 9. Vos SJB, Visser PJ, Verhey F et al (2014) Variability of CSF 
Alzheimer’s disease biomarkers: implications for clinical prac-
tice. PLoS ONE 9:e100784. https:// doi. org/ 10. 1371/ journ al. pone. 
01007 84

https://doi.org/10.1007/s00406-023-01701-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1212/WNL.0000000000010022
https://doi.org/10.3233/JAD-220045
https://doi.org/10.3233/JAD-220045
https://doi.org/10.1111/ene.13945
https://doi.org/10.1111/ene.13945
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.01.010
https://doi.org/10.1001/jamaneurol.2014.4829
https://doi.org/10.1016/j.jalz.2018.01.013
https://doi.org/10.1016/j.jalz.2018.01.013
https://doi.org/10.1016/j.tips.2015.03.002
https://doi.org/10.1371/journal.pone.0100784
https://doi.org/10.1371/journal.pone.0100784


 European Archives of Psychiatry and Clinical Neuroscience

1 3

 10. Toombs J, Paterson RW, Lunn MP et al (2013) Identification of an 
important potential confound in CSF AD studies: aliquot volume. 
Clin Chem Lab Med (CCLM) 51:2311–2317. https:// doi. org/ 10. 
1515/ cclm- 2013- 0293

 11. Fourier A, Portelius E, Zetterberg H et al (2015) Pre-analytical 
and analytical factors influencing Alzheimer’s disease cerebrospi-
nal fluid biomarker variability. Clin Chim Acta 449:9–15. https:// 
doi. org/ 10. 1016/j. cca. 2015. 05. 024

 12. Schmidt ME, Chiao P, Klein G et al (2015) The influence of bio-
logical and technical factors on quantitative analysis of amyloid 
PET: Points to consider and recommendations for controlling vari-
ability in longitudinal data. Alzheimer’s Dement 11:1050–1068. 
https:// doi. org/ 10. 1016/j. jalz. 2014. 09. 004

 13. J-ADNI Study Group, Yamane T, Ishii K et al (2017) Inter-rater 
variability of visual interpretation and comparison with quantita-
tive evaluation of 11C-PiB PET amyloid images of the Japanese 
Alzheimer’s Disease Neuroimaging Initiative (J-ADNI) multi-
center study. Eur J Nucl Med Mol Imaging 44:850–857. https:// 
doi. org/ 10. 1007/ s00259- 016- 3591-2

 14. Albert MS, DeKosky ST, Dickson D et al (2011) The diagnosis 
of mild cognitive impairment due to Alzheimer’s disease: Rec-
ommendations from the National Institute on Aging-Alzheimer’s 
Association workgroups on diagnostic guidelines for Alzhei-
mer’s disease. Alzheimer’s Dement 7:270–279. https:// doi. org/ 
10. 1016/j. jalz. 2011. 03. 008

 15. McKhann GM, Knopman DS, Chertkow H et al (2011) The diag-
nosis of dementia due to Alzheimer’s disease: Recommendations 
from the National Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimer’s Dement 7:263–269. https:// doi. org/ 10. 1016/j. jalz. 
2011. 03. 005

 16. Rascovsky K, Hodges JR, Knopman D et al (2011) Sensitivity 
of revised diagnostic criteria for the behavioural variant of fron-
totemporal dementia. Brain 134:2456–2477. https:// doi. org/ 10. 
1093/ brain/ awr179

 17. Gorno-Tempini ML, Hillis AE, Weintraub S et al (2011) Classifi-
cation of primary progressive aphasia and its variants. Neurology 
76:1006–1014. https:// doi. org/ 10. 1212/ WNL. 0b013 e3182 1103e6

 18. McKeith IG, Boeve BF, Dickson DW et al (2017) Diagnosis and 
management of dementia with Lewy bodies: Fourth consensus 
report of the DLB Consortium. Neurology 89:88–100. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 004058

 19. van Straaten ECW, Scheltens P, Knol DL et al (2003) Operational 
definitions for the NINDS-AIREN criteria for vascular dementia: 
an interobserver study. Stroke 34:1907–1912. https:// doi. org/ 10. 
1161/ 01. STR. 00000 83050. 44441. 10

 20. (2013) The Diagnostic and Statistical Manual of Mental Disorders 
5th ed; DSM-5, 5th ed. American Psychiatric Association

 21. Jessen F, Amariglio RE, van Boxtel M et al (2014) A conceptual 
framework for research on subjective cognitive decline in preclini-
cal Alzheimer’s disease. Alzheimers Dement 10:844–852. https:// 
doi. org/ 10. 1016/j. jalz. 2014. 01. 001

 22. Alcolea D, Pegueroles J, Muñoz L et al (2019) Agreement of 
amyloid PET and CSF biomarkers for Alzheimer’s disease on 
Lumipulse. Ann Clin Transl Neurol 6:1815–1824. https:// doi. org/ 
10. 1002/ acn3. 50873

 23. Álvarez I, Aguilar M, González JM et al (2017) Clinic-based vali-
dation of cerebrospinal fluid biomarkers with Florbetapir PET for 
diagnosis of Dementia. JAD 61:135–143. https:// doi. org/ 10. 3233/ 
JAD- 170753

 24. Alexopoulos P, Roesler J, Thierjung N et al (2016) Mapping CSF 
biomarker profiles onto NIA-AA guidelines for Alzheimer’s dis-
ease. Eur Arch Psychiatry Clin Neurosci 266:587–597. https:// doi. 
org/ 10. 1007/ s00406- 015- 0628-7

 25. Alcolea D, Martínez-Lage P, Izagirre A et al (2014) Feasibility of 
lumbar puncture in the study of cerebrospinal fluid biomarkers for 

Alzheimer’s disease: A Multicenter Study in Spain. JAD 39:719–
726. https:// doi. org/ 10. 3233/ JAD- 131334

 26. Contador J, Vargas-Martínez AM, Sánchez-Valle R et al (2023) 
Cost-effectiveness of Alzheimer’s disease CSF biomarkers and 
amyloid-PET in early-onset cognitive impairment diagnosis. Eur 
Arch Psychiatry Clin Neurosci 273:243–252. https:// doi. org/ 10. 
1007/ s00406- 022- 01439-z

 27. Aisen PS, Cummings J, Jack CR et al (2017) On the path to 2025: 
understanding the Alzheimer’s disease continuum. Alz Res Ther-
apy 9:60. https:// doi. org/ 10. 1186/ s13195- 017- 0283-5

 28. Wang MJ, Yi S, Han J et al (2016) Analysis of cerebrospinal 
fluid and [11C]PIB PET biomarkers for Alzheimer’s disease with 
updated protocols. JAD 52:1403–1413. https:// doi. org/ 10. 3233/ 
JAD- 160143

 29. Kaplow J, Vandijck M, Gray J et al (2020) Concordance of Lumi-
pulse cerebrospinal fluid t-tau/Aβ42 ratio with amyloid PET sta-
tus. Alzheimer’s Dement 16:144–152. https:// doi. org/ 10. 1002/ alz. 
12000

 30. Bouter C, Vogelgsang J, Wiltfang J (2019) Comparison between 
amyloid-PET and CSF amyloid-β biomarkers in a clinical cohort 
with memory deficits. Clin Chim Acta 492:62–68. https:// doi. org/ 
10. 1016/j. cca. 2019. 02. 005

 31. Wiltfang J, Esselmann H, Bibl M et al (2007) Amyloid β peptide 
ratio 42/40 but not Aβ42 correlates with phospho-Tau in patients 
with low- and high-CSF Aβ40 load. J Neurochem 101:1053–1059. 
https:// doi. org/ 10. 1111/j. 1471- 4159. 2006. 04404.x

 32. Delaby C, Estellés T, Zhu N et al (2022) The Aβ1–42/Aβ1–40 
ratio in CSF is more strongly associated to tau markers and 
clinical progression than Aβ1–42 alone. Alz Res Therapy 14:20. 
https:// doi. org/ 10. 1186/ s13195- 022- 00967-z

 33. Amft M, Ortner M, Eichenlaub U et al (2022) The cerebrospinal 
fluid biomarker ratio Aβ42/40 identifies amyloid positron emis-
sion tomography positivity better than Aβ42 alone in a heteroge-
neous memory clinic cohort. Alz Res Therapy 14:60. https:// doi. 
org/ 10. 1186/ s13195- 022- 01003-w

 34. Palmqvist S, Mattsson N, Hansson O, for the Alzheimer’s Dis-
ease Neuroimaging Initiative (2016) Cerebrospinal fluid analysis 
detects cerebral amyloid-β accumulation earlier than positron 
emission tomography. Brain 139:1226–1236. https:// doi. org/ 10. 
1093/ brain/ aww015

 35. Bayart J-L, Hanseeuw B, Ivanoiu A, Van Pesch V (2019) Ana-
lytical and clinical performances of the automated Lumipulse 
cerebrospinal fluid Aβ42 and T-Tau assays for Alzheimer’s dis-
ease diagnosis. J Neurol 266:2304–2311. https:// doi. org/ 10. 1007/ 
s00415- 019- 09418-6

 36. Villain N, Chételat G, Grassiot B et al (2012) Regional dynamics 
of amyloid-β deposition in healthy elderly, mild cognitive impair-
ment and Alzheimer’s disease: a voxelwise PiB–PET longitudi-
nal study. Brain 135:2126–2139. https:// doi. org/ 10. 1093/ brain/ 
aws125

 37. La Joie R, Ayakta N, Seeley WW et al (2019) Multisite study of 
the relationships between antemortem [11 C]PIB-PET Centiloid 
values and postmortem measures of Alzheimer’s disease neuro-
pathology. Alzheimer’s Dement 15:205–216. https:// doi. org/ 10. 
1016/j. jalz. 2018. 09. 001

 38. Jack CR, Knopman DS, Jagust WJ et al (2013) Tracking patho-
physiological processes in Alzheimer’s disease: an updated hypo-
thetical model of dynamic biomarkers. Lancet Neurol 12:207–
216. https:// doi. org/ 10. 1016/ S1474- 4422(12) 70291-0

 39. Förster S, Grimmer T, Miederer I et al (2012) Regional expan-
sion of hypometabolism in Alzheimer’s disease follows amyloid 
deposition with temporal delay. Biol Psychiat 71:792–797. https:// 
doi. org/ 10. 1016/j. biops ych. 2011. 04. 023

https://doi.org/10.1515/cclm-2013-0293
https://doi.org/10.1515/cclm-2013-0293
https://doi.org/10.1016/j.cca.2015.05.024
https://doi.org/10.1016/j.cca.2015.05.024
https://doi.org/10.1016/j.jalz.2014.09.004
https://doi.org/10.1007/s00259-016-3591-2
https://doi.org/10.1007/s00259-016-3591-2
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1161/01.STR.0000083050.44441.10
https://doi.org/10.1161/01.STR.0000083050.44441.10
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1002/acn3.50873
https://doi.org/10.1002/acn3.50873
https://doi.org/10.3233/JAD-170753
https://doi.org/10.3233/JAD-170753
https://doi.org/10.1007/s00406-015-0628-7
https://doi.org/10.1007/s00406-015-0628-7
https://doi.org/10.3233/JAD-131334
https://doi.org/10.1007/s00406-022-01439-z
https://doi.org/10.1007/s00406-022-01439-z
https://doi.org/10.1186/s13195-017-0283-5
https://doi.org/10.3233/JAD-160143
https://doi.org/10.3233/JAD-160143
https://doi.org/10.1002/alz.12000
https://doi.org/10.1002/alz.12000
https://doi.org/10.1016/j.cca.2019.02.005
https://doi.org/10.1016/j.cca.2019.02.005
https://doi.org/10.1111/j.1471-4159.2006.04404.x
https://doi.org/10.1186/s13195-022-00967-z
https://doi.org/10.1186/s13195-022-01003-w
https://doi.org/10.1186/s13195-022-01003-w
https://doi.org/10.1093/brain/aww015
https://doi.org/10.1093/brain/aww015
https://doi.org/10.1007/s00415-019-09418-6
https://doi.org/10.1007/s00415-019-09418-6
https://doi.org/10.1093/brain/aws125
https://doi.org/10.1093/brain/aws125
https://doi.org/10.1016/j.jalz.2018.09.001
https://doi.org/10.1016/j.jalz.2018.09.001
https://doi.org/10.1016/S1474-4422(12)70291-0
https://doi.org/10.1016/j.biopsych.2011.04.023
https://doi.org/10.1016/j.biopsych.2011.04.023

	Agreement of cerebrospinal fluid biomarkers and amyloid-PET in a multicenter study
	Abstract
	Introduction
	Methods
	Study participants
	CSF biomarkers
	Amyloid-PET
	Statistical analysis

	Results
	Demographic, biomarker, APOE and clinical data
	Agreement between CSF biomarkers and amyloid PET
	Agreement between CSF biomarkers and amyloid PET comparing ATN profiles
	Agreement between CSF Aβ1-42 with amyloid-PET by diagnosis
	Trichotomization of CSF biomarkers
	Agreement between CSF Aβ1-42 with amyloid-PET by CSF analysis tool.

	Multicenter study
	Discussion
	Anchor 18
	Acknowledgements 
	References


