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Nowadays, there is an unmet need for reliable and minimally-invasive diagnosis tools capable of
detecting Alzheimer’s disease at early stages. Such tools could significantly reduce the reliance on
confirmatory tests that are invasive and costly, such as cerebrospinal fluid (CSF) biomarkers and
neuroimaging. The aim of this study is to validate previously developed diagnosis tools (multivariate
models and plasma p-Tau217 levels) in three independents cohorts. For this, a cohort was obtained
from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) including some variables (age,
Apolipoprotein E (ApoE) genotype, plasma p-Tau217, CSF biomarkers) (n=113); and two cohorts from
cognitive disorders units (Hospital Universitari i Politécnic La Fe (HUiPLaFe, n=163), Hospital Doctor
Peset (n=31)), whose plasma samples were analysed to determine plasma p-Tau217, and to evaluate
the previous diagnosis tools performance. For the cohort from HUiPLaFe, the multivariate model
(plasma p-Tau217, age, ApoE genotype) showed a sensitivity of 94.9% and a specificity of 88.2%; for
the cohort from Hospital Doctor Peset, the sensitivity was 100% and specificity 80%; for the ADNI
cohort, sensitivity was 89.5% and specificity 39.5%. Regarding the plasma p-Tau217 levels, the results
were satisfactory for the cognitive disorders units; while ADNI cohort showed very low specificity. In
conclusion, the multivariate model was clinically validated in independent cohorts from clinical units,
representing its first step for implementation.
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Alzheimer’s Disease (AD) is the main cause of dementia worldwide, characterized by a progressive cognitive
impairment. AD physiopathology is primarily defined by extracellular deposition of amyloid  (Af), and the
intracellular hyperphosphorylation of Tau in the brain'. Currently, AD diagnosis is based on cerebrospinal fluid
(CSF) biomarkers? or amyloid positron emission tomography (PET) imaging®. However, these are invasive and
costly techniques that are not suitable for use in the general practice. Furthermore, the recent approvals of
disease-modifying treatments (lecanemab, donanemab)?, strengthens the need for early, accurate and accessible
diagnostic methods.

Recent studies have focused on the identification of plasma biomarkers>. Among them, plasma p-Tau217
has been postulated as the most promising candidate for diagnostic purposes”®. However, there is still a
need for clinical validation of these plasma biomarkers in order to develop a reliable, early and specific AD
diagnosis method, which could be implemented in the clinical practice. Other recent works have investigated
the measurement of APp42, AB40, total-Tau (t-Tau), other phosphorylated tau isoforms (p-Taul81, p-Tau231),
neurofilament light (NfL) and glial fibrillary acidic protein (GFAP)*!°. The determination of these biomarkers
requires highly sensitivity techniques (e.g. mass spectrometry, Single Molecule Array (SIMOA"), digital PCR)
due to their low concentrations in plasma samples!!~!. In fact, SIMOA offers a sensitivity approximately 1000
times greater than that of conventional ELISA, while using very low sample volumes!®!%!>. However, these
analytical methods are complex, time-consuming, non-automated, and require highly trained personnel.
Therefore, their implementation in clinical settings remains challenging'®!”. Recently, a few studies employing
automated techniques have been reported in literature. In fact, Feizpours et al. used the Lumipulse’ platform to
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measure plasma p-Tau217 levels, demonstrating strong discriminative capacity between AP PET-positive and
AP PET-negative individuals'®. Similarly, a predictive model combining plasma p-Tau217 with other predictors
(age, Apolipoprotein E (ApoE) genotype) was developed, yielding promising results through a double cut-off
approach!®. Furthermore, Quaresimas et al. utilized the Lumipulse’ technique to assess biomarkers in both
plasma and CSF (p-Tau, AP42, AP40), showing promising results with high validity, low intra-day variability,
and similar accuracy compared to SIMOA?. In addition, Martinez-Dubarbie’s et al. used this technique to
measure CSF AP40, AB42, p-Taul81 and t-Tau, as well as plasma levels of AB40, Ap42, p-Tau217, and p-Taul8l,
demonstrating excellent performance in identifying AD-related pathological changes?!.

A crucial step for the implementation of plasma biomarkers for AD diagnosis is their clinical validation
in independent cohorts. In literature, only a few studies have employed external cohorts (e.g. Alzheimer’s
Disease Neuroimaging Initiative (ADNI), BioFINDER, European Prevention of Alzheimer’s Dementia (EPAD))
to validate potential biomarkers or diagnosis models?? 24, In fact, Brum et al. used a validation cohort from
BioFinder (n = 212 patients), which included some data (Ap-PET, ApoE genotype, sex, age, Mini Mental State
Examination (MMSE) score, CSF AB42/AB40, plasma p-Tau 217 levels)®. Similarly, Li et al. used a validation
cohort from ADNI (#n = 353 cognitively normal controls) incorporating demographic data, ApoE genotype and
neuropsychological tests results?®. These validation studies showed that minimally-invasive biomarkers, along
with automated and cost-effective techniques, can yield robust and promising diagnosis results for AD, and
potentially reducing the need for lumbar puncture and PET imaging.

The aim of the present study is to clinically validate two AD diagnosis tools, previously developed and based
on plasma p-Tau217 levels', using three independent cohorts, which are from two cognitive disorders units
(Hospital Universitari i Politécnic La Fe (HUiPLaFe), Hospital Doctor Peset), and the ADNI cohort. This work
represents a relevant first step toward the clinical implementation of the developed diagnosis tools.

Results

Demographic and clinical description of the cohorts

The demographic and clinical data from the HUiPLaFe cohort are summarized in Table S1 (see Supplementary
Material). Significant differences were observed between groups for age, ApoE genotype, CSF biomarkers and
some neuropsychological scores (Clinical Dementia Rating (CDR) sum of boxes, MMSE, Repeatable Battery for
the Assessment of Neuropsychological Status (RBANS)). Also, statistically significant differences were found for
plasma p-Tau217 levels.

The demographic and clinical data from the Hospital Doctor Peset cohort are summarized in Table S2 (see
Supplementary Material). Significant differences were detected in age, sex, MMSE, CSF biomarkers, and plasma
p-Tau217 levels.

The demographic and clinical data from the ADNI cohort are summarized in Table S3 (see Supplementary
Material). Significant differences were observed for CSF biomarkers and plasma p-Tau217 levels.

Validation of the developed multivariate model for AD diagnosis

HUiPLaFe cohort

For the validation of the one cut-off model developed in a previous study'?, the probability of developing AD
(P(AD)) was calculated from plasma p-Tau217 levels, ApoE genotype and age'®. The patients in this cohort were
considered AD for P(AD) > 0.5 (n = 96), and non- AD for P(AD) < 0.5 AD (n = 67). Comparing these results
with the reference classification based on CSF biomarkers, the diagnosis indexes were calculated (see Table 1). In
Fig. 1 it is represented the Receiver Operator Characteristic (ROC) curve that was obtained.

For the validation of the two cut-offs model previously developed!’, the probability of developing AD was
calculated for these patients. They were considered AD for P(AD) > 0.57 (n = 78), non-AD for P(AD) < 0.41
(n = 34), and uncertain for P(AD) between 0.41 and 0.57 (n = 51). Comparing these results with the reference
classification based on CSF biomarkers, the diagnosis indexes were calculated (see Table 1). The performance
of this model was satisfactory, and it was improved in comparison with the one-cut-off model. However, the
uncertain cases represent the 31% of total cases; among them 27 patients were AD and 24 patients were non-AD,
according to CSF biomarkers. Figure 2a shows the different probability of developing AD from the double cut-
off model between AD and non-AD patients identified from CSF biomarkers. As can be seen, 70.5% of the AD
patients were above the high cut-off, while 51.7% of the non-AD patients were below the low cut-off.

Hospital doctor peset cohort

For the validation of the one cut-off multivariate model?, the probability of developing AD was calculated
for these patients. They were considered AD for P(AD) > 0.5 (n = 22), and non-AD for P(AD) < 0.5 (n = 9).
Comparing these results with the reference classification based on CSF biomarkers, the diagnosis indexes were
calculated (see Table 1). The ROC curve can be seen in Fig. 1.

For the validation of the two cut-offs model', the probability of AD was calculated for these patients. They
were considered AD for P(AD) > 0.57 (n = 19), non-AD for P(AD) < 0.41 (n = 4), and uncertain for P(AD)
between 0.41 and 0.57 (n = 8). Comparing these results with the reference classification based on CSF biomarkers,
the diagnosis indexes were calculated (see Table 1). The performance of the model improved for this two-cut-off
approach. However, the uncertain cases represented the 26% of total cases; among them 4 patients were AD and
4 were non-AD, according to CSF biomarkers. Figure 2b shows the different probability of developing AD from
the double cut-off model between AD and non-AD patients identified from CSF biomarkers. As can be seen,
81.8% of the AD patients were above the high cut-off, while only 44.4% of non-AD patients were below the low
cut-off.

In both approaches (one cut-off, two cut-offs), this cohort performance showed wide confidence intervals
(CI), especially for specificity (56.5-98.0% and 37.6-96.4%), reflecting considerable uncertainty.
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Two-cut-off
One-cut-off model | model

Cohort Indexes CI95% CI95%
AUC 0.904 | 0.853-0.955

Sensitivity (%) | 82.7 | 74.3-88.8 949 |87.5-98.0
Specificity (%) | 83.1 | 71.5-90.5 88.2 |73.4-95.3

Hospital Universitari i Politécnic La Fe cohort

PPV (%) 89.6 | 81.9-94.2 949 |87.5-98.0
NPV (%) 73.1 | 61.5-82.3 88.2 |73.4-95.3
Accuracy (%) | 82.8 |76.3-87.8 92.9 |86.5-96.3
AUC 0.955 | 0.879-1

Sensitivity (%) | 95.5 | 78.2-99.2 100.0 | 82.4-100.0
Specificity (%) | 88.9 | 56.5-98.0 80.0 |37.6-96.4

Hospital Doctor Peset cohort

PPV (%) 955 | 78.2-99.2 94.7 | 75.4-99.1
NPV (%) 88.9 |56.5-98.0 100.0 | 51.0-100.0
Accuracy (%) |93.5 |79.3-98.2 95.6 |79.0-99.2
AUC 0.727 | 0.623-0.822

Sensitivity (%) | 79.2 | 65.7-88.3 89.5 |75.9-95.8
Specificity (%) | 47.7 | 36.0-59.6 39.5 |25.6-55.3
PPV (%) 52.8 | 41.4-63.9 59.6 | 46.7-71.4
NPV (%) 75.6 | 60.7-86.2 78.9 |56.7-91.5
Accuracy (%) |61.1 |51.8-69.5 64.5 |53.3-74.3

ADNI cohort

Table 1. Diagnosis indexes for the one-cut-off and two-cut-off models in each validation cohort. CI:
Confidence interval. PPV: Positive Predictive Value. NPV: Negative Predictive Value.

ADNI cohort

For the validation of the one cut-off model previously developed!’, the probability of developing AD was
calculated for these patients. They were considered AD for P(AD) > 0.5 (n = 43), and non-AD for P(AD) < 0.5 (n
= 70). Comparing these results with the reference classification based on CSF biomarkers, the diagnosis indexes
were calculated (see Table 1). The performance of the model in this cohort was lower compared to the previous
cohorts from cognitive disorders units. The ROC curve can be seen in Fig. 1.

For the validation of the two cut-offs model previously developed®’, the probability of developing AD was
calculated for these patients. They were considered AD for P(AD) > 0.57 (n = 24), non-AD for P(AD) < 0.41
(n = 33), and uncertain for P(AD) between 0.41 and 0.57 (n = 56). Comparing these results with the reference
classification based on CSF biomarkers, the diagnosis indexes were calculated (see Table 1). In general, the
performance of this two-cut-off approach was better than that from the one-cut-off model. However, the
uncertain cases represented the 49% of total cases; among them, 24 patients were classified as AD and 32 as non-
AD, according to CSF biomarkers. Figure 2c shows the different probability of developing AD from the double
cut-off model. As can be seen, 70.8% of the AD patients were above the high cut-off, while only 23.1% of non-AD
patients were below the low cut-off.

Validation of the plasma p-Tau217 levels for AD diagnosis

HUiPLaFe cohort

For the validation of the two-cut-offs (0.12-0.29 pg ml~!) previously established for plasma p-Tau217", the
plasma levels of patients from HUiPLaFe cohort were evaluated. They were between 0.0075 and 4.12 pg mL™ !,
and the patients were classified as AD if p-Tau 217 levels were > 0.29 pg ml™! (n = 84), non-AD if p-Tau 217
levels were < 0.12 pg ml™! (n = 34), and uncertain if p-Tau 217 levels were between 0.12 and 0.29 pg ml~! (n =
45). Comparing these results with the reference classification based on CSF biomarkers, the diagnosis indexes
were calculated (see Table 2). The performance of this approach was similar to that from the two-cut-off model
approach. The uncertain cases represented the 28% of total cases; among them 19 patients were AD and 26 non-
AD, according to CSF biomarkers.

Hospital doctor peset cohort

For the validation of the double cut-off previously established for plasma p-Tau217'%, these levels were determined
for these patients. They were between 0.085 and 1.494 pg mL™ 1, and the patients were classified as AD (n = 21),
non-AD (n = 6), and uncertain (1 = 4). Comparing these results with the reference classification based on CSF
biomarkers, the diagnosis indexes were calculated (see Table 2), observing satisfactory performance metrics, but
wide CI for specificity (56.5-100.0%) and NPV (43.6-97.0%) The uncertain cases represented the 13% of total
cases; and all of them were classified as non-AD according to CSF biomarkers.

ADNI cohort
For the validation of the double cut-off previously established for plasma p-Tau217"°, the plasma p-Tau217 levels
for these patients in ADNI database were harmonized, and the corresponding values were between 0.002 and 2.9

Scientific Reports |

(2026) 16:1472 | https://doi.org/10.1038/s41598-025-31613-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

1.0 | el

[}
1
0.9 A4
=
i
0.8 —
-
i
0.7 B
[}
[}
0.6 :
> H
- ’
O I I, 3
£0.5 i
: P e ADNI Cohort
“ 04 | — HDPeset Cohort
. HUiPLaFe Cohort
[}
03 | 7
!
’I
0.2
0.1
0.0
00 01 02 03 04 05 06 07 08 09 1.0

1-Specificity

Fig. 1. ROC-Curves for the multivariate model (p-Tau217, ApoE, age) applied to each cohort.

pg mL~ L. So, these patients were classified as AD (n = 1), non-AD (n = 74), and uncertain (n = 38). Comparing
these results with the reference classification based on CSF biomarkers, the diagnosis indexes were calculated
(see Table 2). The performance of this approach in this cohort was lower than in the other cohorts, as well as
lower than that of the two-cut-off model. The uncertain cases represented the 34% of total cases; among them,
23 patients were classified as AD, and 15 as non-AD, according to CSF biomarkers.

Comparison of diagnosis tools

Figure 3 shows the AD risk stratification for double cut-off model and double cut-off p-Tau217 levels in each
validation cohort. As can be seen, similar results were obtained from each cohort, but the double cut-off
multivariate model provided slightly lower risk than p-Tau217 levels for HUiPLaFe and Hospital Doctor Peset
cohorts. Approximately 50% of the HUiPLaFe and ADNI patients, and more than 60% of Hospital Doctor Peset
cohort showed high probability of developing AD, determined from the double cut-oft model (Fig. 3).

Discussion

Currently, the identification of biomarkers that are easy to interpret and widely accessible is essential for advancing
primary care and enabling early detection of AD. In line with this objective, several plasma biomarkers have been
investigated?”?%, with plasma p-Tau217 emerging as a particularly promising candidate. These advancements are
expected to significantly contribute to the development of novel AD treatments in the near future.

This study focuses on the clinical validation of a plasma-based diagnostic model across independent cohorts.
Initially developed using data from a cognitive disorders unit (HUiPLaFE, patients recruited between 2020 and
2023)%, the model represents a promising clinical application. The preliminary model evaluated the ability
of plasma p-Tau217, ApoE genotype and age to distinguish between AD and non-AD patients, as confirmed
by CSF AP42/AB40 ratio. Using two approaches (one cut-off, two cut-offs), the model was validated in three
independent cohorts (HUiPLaFe, Hospital Doctor Peset, ADNI).

Regarding plasma analysis, Martinez-Dubarbie et al. used the fully-automated Lumipulse” technique to
measure plasma p-Tau217, showing promising results as a preclinical AD biomarker®. In addition, Giuffr&s et
al. employed Lumipulse” technology to differentiate between AB-negative amnestic mild cognitive impairment
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Fig. 2. Probability of developing AD from the double cut-off model in: (a) Hospital Universitari i Politécnic La
Fe cohort; (b) Hospital Doctor Peset cohort; (¢) ADNI cohort.
Indexes CI95%
Sensitivity (%) | 94.2 | 87.1-97.5
Specificity (%) | 90.6 |75.8-96.8
HUiPLaFe cohort PPV (%) 96.4 | 90.0-98.8
NPV (%) 85.3 | 69.9-93.6
Accuracy (%) 93.2 | 87.2-96.5
Sensitivity (%) | 95.5 | 78.2-99.2
Specificity (%) | 100.0 | 56.5-100.0
Hospital Doctor Peset cohort | PPV (%) 100.0 | 84.5-100.0
NPV (%) 83.3 | 43.6-97.0
Accuracy (%) 96.3 | 81.7-99.3
Sensitivity (%) | 82.1 | 67.3-91.0
Specificity (%) | 455 | 31.7-59.9
ADNI cohort PPV (%) 57.1 | 44.1-69.2
NPV (%) 74.1 | 55.3-86.8
Accuracy (%) 62.7 | 51.9-72.3
Table 2. Diagnosis indexes for the two-cut-offs of plasma p-Tau217 in each validation cohort. CI: Confidence
interval. PPV: Positive Predictive Value. NPV: Negative Predictive Value.
(aMCI) patients and those with aMCI within the AD continuum, measuring AB40, AB42 and p-Taul81. They
found an association with CSF biomarkers (area under the curve (AUC) 0.895, sensitivity 95.1%, specificity
82.8%), demonstrating that Lumipulse” is a useful assay to distinguish between aMCI due to AD and aMCI
unlikely to be caused by AD*. Also, Arranz et al. used Lumipulse” technology to measure plasma p-Taul81,
p-Tau217, AB42 and AP40. Using linear regression, they compared amyloid-positive (A+) and amyloid-negative
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Fig. 3. Risk stratification for the double cut-off model and the double cut-off p-Tau217 levels in: (a) Hospital
Universitari i Politécnic La Fe cohort; (b) Hospital Doctor Peset cohort; (c) ADNI cohort.

(A-) groups (based on CSF biomarkers) with these plasma markers. As a result, they observed that plasma
p-Tau217 had the highest ability to discriminate between A + and A- individuals, suggesting that this technique
has promising accuracy for detecting AD patients. However, different cut-offs values were obtained across the
various centres’!. The generalizability of diagnosis cut-offs remains a major challenge, as several studies often
report different thresholds across cohorts®. These discrepancies are largely driven by heterogeneity in assay
platforms, participant selection criteria, and analytical variables®2. Therefore, there is an increasing need to
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harmonize or re-estimate cut-offs specifically for each cohort, or to carry out cohort-specific adjustments to
ensure diagnosis accuracy and a broader implementation®. In the present study, the poor performance observed
in the ADNI cohort, could be due to the use of a different analytical platform for measuring plasma p-Tau217.
To address this, ADNI values were harmonized with those from the HUiPLaFe cohort (reference) through a
location-scale transformation, which improved ADNI performance (AUC 0.727, sensitivity 79%, specificity
48%) and contributed to the external validation of diagnostic thresholds. These findings underscore the need for
either cohort-specific cut-offs or harmonization strategies to ensure broader applicability of plasma biomarkers
in clinical and research settings.

Regarding the validation of diagnosis models, a previous study evaluated plasma p-Tau217, age and ApoE
genotype as relevant variables for AD diagnosis, achieving high discriminatory performance (AUC 0.943)%,
similarly to the previously developed model'®, which is under validation in the present study. Other works using
external validation cohorts, composed by patients clinically diagnosed (AD, MCI, cognitively normal controls),
assessed a two-cut-off approach on plasma p-Taul81 levels and changes in cognitive test scores (MMSE score),
obtaining an AUC of 0.93%; also, a satisfactory AUC (0.850) was reported?’; as well as plasma p-Tau217 data
(using mass spectrometry and immunoassay) provided results similar to those observed in their internal
cohort?,

The present study shows some limitations, the HUiPLaFe cohort (recruited between 2024 and 2025) is not
strictly independent, as the approaches under validation were previously developed using data from other
patients (recruited between 2020 and 2023) in the same cognitive disorders unit. Therefore, it could be considered
a temporal validation. Additionally, the small sample size may affect the generalizability and statistical power of
the findings. In this sense, results from the Hospital Doctor Peset cohort reflect considerable uncertainty, and
thus these promising results should be considered preliminary. Finally, plasma p-Tau217 levels in the ADNI
cohort were measured using a different assay technique, hampering the application of the cut-offs obtained in the
previous study from Lumipulse technology; so, some harmonization efforts were carried out to solve these assay
differences. In addition, ADNI patients were classified (AD, non-AD) using different CSF criteria, since the CSF
AB42/AB40 was not available for them. It is important to note that the strongest validation results were observed
in the HUiPLaFe cohort, where the diagnosis tools were initially calibrated. While these findings support the
robustness of the tools under validation conditions, they also highlight the need for further external validation
across independent cohorts and laboratory settings. Such validation is essential to confirm the generalizability
and clinical utility of the proposed diagnosis tools beyond the original development context.

To conclude, previously developed diagnosis tools based on plasma p-Tau217 levels were validated across
three independent cohorts. The diagnosis performance of the double cut-off p-Tau217 model was satisfactory in
cohorts from cognitive disorder units, with sensitivity ranging from 94 to 96% and specificity from 91 to 100%.
However, performance was lower in the ADNI cohort (sensitivity 82%, specificity 45%), likely due to differences
in comparison with the reference HUiPLaFe cohort (plasma p-Tau217 analytical assay, patients” classification
criteria) in spite of the harmonization of these levels. The diagnosis performance of the multivariate double cut-
off model (including plasma p-Tau217, age, ApoE genotype), was satisfactory across all three validation cohorts
(sensitivity 89-100%), suggesting its potential utility as a screening tool for early and specific detection of AD.
This validated strategy could reduce the need for lumbar punctures, offering significant benefits to both patients
and healthcare systems. Overall, these findings support the clinical implementation of a minimally invasive and
specific approach for AD screening in general population.

The present study shows attributes that make it suitable for primary screening purposes, where high
sensitivity is prioritized to minimize false negatives, and moderate specificity is acceptable given that positive
cases would undergo confirmatory testing. In a screening context, the test could be useful to identify individuals
who need further clinical evaluation, thereby reducing the burden on more resource-intensive confirmatory
diagnostics. Future research and optimization efforts will focus on enhancing specificity to potentially expand
its applicability to diagnosis.

Methods

Study design

This is a cross-sectional study carried out in the Cognitive Disorder Unit from the Neurology Service at the
HUiPLaFe (Valencia, Spain). Patients from different cohorts were included in this study.

First, patients from the HUiPLaFe cohort were evaluated®. They were recruited from 2024 to 2025 in the
Cognitive Disorder Unit of HUiPLaFe. They were between 50 and 80 years old (n = 163). Their diagnosis was
based on the National Institute on Aging and the Alzheimer’s Association (NIA-AA) criteria. In fact, different
CSF biomarkers were determined (AB42, AB40, p-Taul8l, t-Tau, NfL)3. Specifically, the AD (n = 105) vs.
non-AD (n = 58) classification was carried out attending to CSF AP42/AB40 levels (< 0.069 pg mL™! for AD).
The cognitive status was characterized by neuropsychological evaluation (CDR, composed by a scale of global
score and the sum of boxes; MMSE; RBANS and its domains Visuospatial/Constructional (V/C), Language
(L), Attention (A), Immediate Memory (IM), and Delayed Memory (DM); Functional Activities Questionnaire
(FAQ); Alzheimer’s Disease Cooperative Study — Activities of Daily Living (ADCS-ADL); Geriatric Depression
Scale (GDS)). According to the neuropsychological performance, the patients were classified as cognitively
unimpaired (CU), MCI and mild dementia. In the AD subgroup, 6.9% patients were CU, 82.3% were MCI and
10.8% were mild dementia. On the other hand, the non-AD patients were 16.3% CU, 75.5% MCI and 6.1% mild
dementia.

Second, a cohort of patients from the Neurology Unit Hospital Doctor Peset (Valencia, Spain) (n=31) was
evaluated. These patients were classified into AD (n=22) and non-AD (n=9) according to the CSF AB42/AB40
levels. According to the neuropsychological performance, in the AD group 9.1% of patients were classified MCI,
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and 90.9% as mild dementia; while in the non-AD group, 11.1% of patients were classified as CU, 33.3% as MCI
and 55.6% as mild dementia.

Third, a cohort was obtained from ADNI database (adniloni.usc.edu), including different variables (age,
ApoE genotype, plasma p-Tau217, CSF AB42, CSF p-Taul81, CSF t-Tau, research group). In the present study,
these patients were classified into AD (n = 48) and non-AD (n = 65) groups according to the CSF AP42 (< 830 pg
mL~ 1), CSF t-Tau/AB42 (> 0.3)*° or CSF p-Taul81/AB42 (> 0.025) levels®, at least two of these biomarkers were
impaired for AD patients. According to the neuropsychological performance, in the AD group 25.0% of patients
were classified as CU, 52.1% as MCI and 22.9% as mild dementia; while in non-AD group, 35.4% were classified
as CU, 49.2% as MCI and 15.4% as mild dementia.

Data used were obtained from the ADNI database (adni.loni.usc.edu). The ADNI was launched in 2003 as a
public-private partnership, led by Principal Investigator Michael W. Weiner, MD. The primary goal of ADNTI has
been to test whether serial MRI, PET, other biological markers, and clinical and neuropsychological assessment
can be combined to measure the progression of MCI and early AD. For up-to-date information, see www.adni-
info.org.

This study was conducted in accordance with the Declaration of Helsinki and it was approved by the Ethics
Committee (CEIC) from Health Research Institute La Fe (Valencia, Spain) (reference number: 2022-990-1; date:
8 February 2023). All participants signed informed consent prior to their recruitment.

Blood samples collection and analysis

Blood samples were obtained from HUiPLaFe and Hospital Doctor Peset patients. For this, it was used a tube
containing EDTA. Then, these samples were centrifuged (1160 g, 15 min, 25 °C), to separate the plasma fraction
into a new tube. The plasma samples were stored at -80 °C until analysis.

For the analysis, plasma samples were thawed on ice and centrifuged. After that, plasma p-Tau217 level was
determined by means of Lumipulse” technology (G600II automated platform, Fujirebio Diagnostics, Malvern,
USA), following the manufacturer recommendations. For the ADNI cohort, plasma p-Tau217 levels were
provided using Janssen plasma p217 + tau Simoa assay.

The genotyping of ApoE was determined using LightMix" Kit ApoE C112R R158C from Roche Diagnostics
(https://www.roche-as.es/lightmix_global, accessed on 8 May 2025) and following the manufacturer protocol.
All patients provided a specific informed consent for ApoE genotype.

Statistical analysis

In the statistical analysis, numerical variables were expressed as the median and interquartile range (IQR), and
the Mann Whitney test was used to analyse differences between groups; categorical variables were expressed as
the number and percentage, and the Pearson’s Chi-Square test was used to analyse differences in the frequency
distribution between groups.

The diagnosis tools (one cut-off diagnosis model, double cut-off diagnosis model, double cut-off plasma
p-Tau217) previously developed from patients recruited between 2020 and 2023 in HUiPLaFe'®, were validated
in different assessed cohorts (HUiPLaFe (patients recruited between 2024 and 2025), Hospital Doctor Peset,
ADNI). First, ROC analysis was carried out to calculate the AUC of the model, along with sensitivity, specificity,
and positive/negative predictive values (PPV, NPV) at pre-specified cut-offs (95% Sensitivity, 95% Specificity),
using the AD/non-AD classification from CSF AB42/Ap40 level as reference. The one-cut-oft model approach
classified participants as AD or non-AD based on the P(AD) of 0.5. The double cut-off model approach, classified
participants as AD (P(AD) > 0.57), uncertain (0.41 = P(AD) = 0.57), or non-AD (P(AD) < 0.41). The double
cut-off plasma p-Tau217 levels classified participants as AD (> 0.29 pg mL™!), non-AD (< 0.12 pg mL~!) and
uncertain (0.12-0.29 pg mL™1).

The ADNI plasma p-Tau217 values obtained from a different analytical technique were normalized to
harmonize them with the concentrations measured in HUiPLaFe (reference cohort). For this, a location-
scale transformation based on log-transformed values was carried out. First, all the p-Tau217 levels (ADNI,
HUiPLaFe) were transformed using the natural logarithm of (x+ 1) to reduce right-skewness. Second, the values
from ADNI cohort were standardized (z-score) using their mean and standard deviation in the log scale. Third,
the ADNI values were rescaled using the mean and standard deviation of the reference cohort (HUiPLaFe).
Finally, the rescaled values were back-transformed to the original scale using the inverse log transformation
(expml), resulting in p-Tau217 distribution aligned with the reference cohort, while preserving the internal
ranking of subjects.

The diagnosis indexes were reported with 95% CI. Statistical significance was defined as p value <0.05. All
these statistical analyses were carried out by SPSS v23 software (Chicago, U.S.A), R software (version 4.2.3.), and
the packages cutpoint (version 1.1.2) and ggplot2 (version 3.5.1).

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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