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Abstract

INTRODUCTION: Blood-based biomarkers for Alzheimer’s disease (AD) have been

widely studied, but direct comparisons of several biomarkers in clinical settings remain

limited.

METHODS: In this cross-sectional study, plasma biomarkers from 197 participants in

the BIODEGMAR cohort (Hospital del Mar, Barcelona) were analyzed. Participants

were classified based on AD cerebrospinal fluid (CSF) core biomarkers. We assessed

the ability of plasma p-tau181, p-tau217, p-tau231, t-tau, and Aβ42/40 to classify Aβ
pathology status.

RESULTS: Plasma p-tau biomarkers had a greater diagnostic performance and larger

effect sizes compared to t-tau and Aβ42/40 assays in detecting Aβ pathology. Among

them, plasma p-tau217 consistently outperformed the others, demonstrating supe-

rior area under the curves. Furthermore, p-tau217 showed the strongest correlation

between plasma and CSF levels, underscoring its potential as a reliable surrogate for

CSF biomarkers.

DISCUSSION: Several plasma biomarkers, targeting different epitopes and using dif-

ferent platforms, demonstrated high performance in detecting AD in a memory clinic

setting.
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Highlights

∙ Plasma p-tau biomarkers demonstrated higher diagnostic performance and larger

effect sizes than t-tau and Aβ42/40 assays in detecting Alzheimer’s disease.

∙ Among the p-tau biomarkers, p-tau217 assays consistently outperformed the

others, providing superior classification of Aβ pathology status across different

phosphorylation sites.

∙ p-tau217 assays showed the strongest correlation between plasma and CSF levels,

indicating its potential as a reliable surrogate for CSF biomarkers.

∙ Several plasma p-tau biomarkers can be used in a specialized memory clinic to

accurately detect Alzheimer’s disease.

1 BACKGROUND

While numerous studies have explored the diagnostic performance of

blood-based biomarkers for detecting Alzheimer’s disease (AD),1–10

relatively few have conducted a comprehensive head-to-head com-

parison of multiple biomarkers in patients presenting at mem-

ory clinics,11–16 where patients often exhibit a broad spectrum of

symptoms. Blood-based biomarkers offer a less invasive and acces-

sible diagnostic tool, facilitating the etiological diagnosis of AD.

Among these, assays targeting phosphorylated forms of tau, par-

ticularly at threonine 217 (T217), have demonstrated the high-

est diagnostic performance.6,9–13 In fact, p-tau217 assays have

shown a comparable ability to detect AD pathology, as assessed

by amyloid and tau positron emission tomography (PET) scans, to

that of core AD biomarkers in cerebrospinal fluid (CSF).4 Assays

targeting phosphorylation at threonine 181 (T181)5–7 and 231

(T231)8,17,18 have also yielded promising results. Additionally, some

assays targeting amyloid-β (Aβ) in plasma have shown favorable clini-

cal performance.1–3,15 While immunoprecipitation mass spectrometry

(IP-MS)-based assays generally achieve higher accuracy,4,11,15 cer-

tain immunoassays are also proving to be highly accurate for AD

detection and are better suited for implementation in routine clinical

laboratories.9–12,19

The main aim of this study was to directly compare the diagnos-

tic performance of a broad range of plasma biomarkers for detecting

Aβ pathology, as defined by AD CSF core biomarkers, in patients

from a memory clinic at a public hospital. We hypothesize that sev-

eral blood biomarkers, targeting different epitopes and using various

platforms, can detect AD with high accuracy in patients presenting

with diverse clinical syndromes. In a previous study, we investigated

nine plasma assays targeting tau.12 Given the rapid development of

new plasma biomarkers, this study builds on that work by incorpo-

rating additional tau and Aβ plasma biomarker immunoassays, now

covering results from up to 22 different assays, thus providing clini-

cally relevant insights into how these biomarkers perform in routine

practice.

2 METHODS

2.1 Participants

This cross-sectional study enrolled197participants from theBIODEG-

MAR cohort, an observational longitudinal study at the Cognitive and

Behavioural Neurology Unit of Hospital del Mar (Barcelona, Spain).20

The BIODEGMAR cohort comprises patients presenting with cogni-

tive and/or behavioral symptoms who are referred from primary care

to Hospital del Mar, a public university hospital, for further investi-

gation. A lumbar puncture is performed as part of the routine clinical

investigations (see SupplementaryMaterial for more information).

The inclusion criteria of the BIODEGMAR cohort are: (i) evaluation

at the Cognitive and Behavioural Neurology Unit and inclusion in the

DEGMAR register; (ii) signed informed consent; and (iii) having one

of the following clinical diagnoses: subjective cognitive decline (SCD);

mild cognitive impairment syndrome (MCI); AD dementia; behavioral

variant of frontotemporal dementia (bvFTD); progressive aphasia or

primary progressive aphasia (PA; logopenic, non-fluent and semantic

variants); Lewy body dementia (LBD); corticobasal syndrome (CBS);

progressive supranuclear palsy syndrome (PSP-S); vascular cognitive

impairment and dementia (VCID); individuals with other causes of

dementia or unspecified clinical diagnoseswere categorized as “other.”

The exclusion criteria are: (i) age ≥80 years; (ii) contraindication for

lumbar puncture; or (iii) disagreement with study procedures. The

clinical criteria used for each diagnosis are indicated in Table S1.

Participants in the BIODEGMAR cohort included in the present

study were recruited prospectively from April 2017 to July 2020, and

fulfilled the following criteria: (i) had a Global Deterioration Score

(GDS) > 1,21 (ii) Aβ42 and p-tau181 in CSF were available, and (iii) had
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at least one plasma biomarker available. The participants and inclusion

criteria were consistent with the previous head-to-head comparison

study,12 with one exception: this study included individuals with at

least one new plasma biomarker available, whereas the previous study

included only those with all biomarkers available. As a result, one new

participantwasadded, andoneparticipant fromtheprevious studywas

excluded due to a lack of plasma samples.

2.2 Plasma and CSF collection and storage:
biomarkers’ measurements

This study evaluated new nine p-tau and one tau assays: Lumipulse G

pTau181Plasma (Lumipulse p-tau181),MesoScaleDiscovery (MSD) S-

PLEX p-tau181 (MSDp-tau181), NULISA p-tau181, RocheDiagnostics

using the NeuroToolKit p-tau181 (Roche p-tau181), ALZpath Simoa

p-tau217, LumipulseG pTau 217Plasma (Lumipulse p-tau217),MSDS-

PLEX p-tau217 (MSD p-tau217), NULISA p-tau217, NULISA p-tau231,

along with the plasma t-tau assay NULISA MAPT. Additionally, three

Aβ42/Aβ40 plasma biomarkers were assessed: Lumipulse β-Amyloid

1-42 Plasma, and the Lumipulse G β-Amyloid 1-40 Plasma assays

(Lumipulse Aβ42/Aβ40), NULISA Aβ42/Aβ40, and Roche Diagnos-

tics using the NeuroToolKit Aβ42/Aβ40 (Roche Aβ42/Aβ40). NULISA
assays were from a multiplex CNS Disease Panel NULISAseq assay.22

Detaileddescriptionsof these immunoassays areprovided in theMeth-

ods section of the supporting information. The epitope-binding regions

for the assays are indicated in Table S2.

In addition to plasma measurements, corresponding CSF measure-

ments were obtained for Lumipulse p-tau181, MSD p-tau181, NULISA

p-tau181, Roche p-tau181, Lumipulse p-tau217, MSD p-tau217,

NULISA p-tau217, NULISA p-tau231, NULISA MAPT, Lumipulse

Aβ42/40, NULISA Aβ42/40, and Roche Aβ42/40 from the same

patients. All biomarkermeasurementswere expressed as pg/ml, except

for ratios (i.e., Aβ42/p-tau181, Aβ42/40), and NULISA biomarkers that

are expressed in NULISA Protein Quantification (NPQ) units.

Blood and CSF samples were collected simultaneously under fast-

ing conditions (at least 8 h). Lumbar puncture was performed in the

intervertebral space L3/L4, L4/L5, or L5/S1 using a standard needle,

between 8 and 11 a.m. Participants had fasted for at least 8 h. CSF

was collected into a 10 mL sterile polypropylene sterile tube (Sarst-

edt, Nümbrecht, Germany; cat. no. 62.610.201). Tubes were gently

inverted 5–10 times and centrifuged at 2000g for 10 min at 4◦C and

aliquoted in volumes of 1.8mL into sterile polypropylene tubes (1.8mL

cryotube Thermo Scientific Nunc; Thermo Fisher Scientific, Waltham,

Massachusetts, USA; cat. no. 377267), and immediately frozen at

−80◦C. Whole blood was drawn with a 20 or 21 g needle gauge

into 10 mL ethylenediaminetetraacetic acid (EDTA) tubes (BD Vacu-

tainer 10 mL; K2EDTA; cat. no. 367525). Tubes were gently inverted

5–10 times and centrifuged at 2000g for 10 min at 4◦C. The super-

natant was aliquoted in volumes of 1.8 mL into sterile polypropylene

tubes (1.8 mL cryotube Thermo Scientific Nunc; Thermo Fisher Scien-

tific,Waltham,Massachusetts, USA; cat. No 377267), and immediately

frozen at−80◦C.

RESEARCH INCONTEXT

1. Systematic review: The authors conducted a literature

review using PubMed to identify studies comparing dif-

ferent blood-based biomarkers in amemory clinic setting.

Although the volume of research on blood biomarkers

has grown substantially in recent years, studies that

directly compare a wide range of blood biomarkers in

patients prospectively admitted to memory clinics are

still relatively uncommon. We previously conducted a

head-to-head comparison in patients from a public hos-

pital memory clinic, assessing nine plasma biomarkers.

In this new study, we compared a total of 22 plasma

biomarkers in the same cohort.

2. Interpretation: Our results indicate that several plasma

p-taubiomarkers canbeusedas accurate tools for detect-

ing Alzheimer’s disease in a specialized memory clinic.

In particular, plasma p-tau217 biomarkers and some p-

tau181 assays most accurately identified Alzheimer’s

disease pathology in this setting. These findings support

the future implementation of these tests into clinical

practice.

3. Future directions: Similar studies should be conducted

in diverse locations and settings, including primary care

and specialized centers, and across various populations to

validate these findings and ensure their generalizability.

Additionally, research is needed to evaluate the impact of

using blood biomarkers in routine clinical practice.

The primary outcome was Aβ pathology status, determined by the

CSF Aβ42/p-tau181 ratio analyzed using Lumipulse assays. All core

AD CSF biomarkers (Aβ42, Aβ40, p-tau181, and t-tau) were measured

with the LUMIPULSE G600II platform (Fujirebio) at the Laboratori de

Referència de Catalunya (Barcelona, Spain). Patients were classified as

having an AD CSF profile, indicating the presence of Aβ pathology, if
the CSF Aβ42/p-tau181 ratio was < 10.25. This cutoff was previously

determined in the CORCOBIA study.20 Detailed information on the

processing and measurement of core AD CSF biomarkers, as well as

cutoff calculations, is provided in theSupplementaryMethods. In a sub-

set of patients (n = 149), these biomarkers were also measured using

the Elecsys Phospho-Tau(181P) and β-Amyloid(1-42) CSF immunoas-

says (Roche Diagnostics International Ltd, Rotkreuz, Switzerland) at

the Clinical Neurochemistry Laboratory at the University of Gothen-

burg (Sweden). Patients were classified as having an AD CSF profile if

the CSF p-tau181/Aβ42 ratio was> 0.029.23

Plasma biomarker measurements were performed on aliquots that

had undergone one freeze-thaw cycle, except for theALZpath Simoa p-

tau217 assay, which was measured after two freeze-thaw cycles. The

assays were conducted at various specialized laboratories: Lumipulse

p-tau181, ALZpath Simoa p-tau217, Lumipulse p-tau217, Lumipulse
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Aβ40, and Lumipulse Aβ42 assays at the Biomarkers Laboratory at

BBRC (Barcelona, Spain); Roche p-tau181, Aβ40, and Aβ42 assays at

the Clinical Neurochemistry Laboratory at the University of Gothen-

burg (Sweden); MSD p-tau181 and MSD p-tau217 assays at the MSD

Bioanalytical Laboratory (BAL) (Gaithersburg, Maryland, USA); and

NULISA assays at Alamar headquarters (Fremont, California, USA).

Samples were shipped on dry ice. All technicians performing the

measurements were blinded to clinical data, and data unblinding

and analysis were conducted independently by study coordinators at

BBRC. To ensure a direct comparison, all plasma and CSF biomarker

measurements were taken from the same patients, with blood and

CSF samples collected and processed simultaneously. However, some

patients had missing biomarker data. To address this and maintain

comparability, we conducted sensitivity analyses that included only

participants with complete biomarker data (n = 141). In this lat-

ter analysis, to ensure a comprehensive comparison across a wide

range of plasma biomarkers, we also included the following previously

measured biomarkers12: ADx p-tau181, Lilly p-tau181, Quanterix p-

tau181, University of Gothenburg (UGot) in-house assay p-tau181,

Lilly p-tau217, Janssen p-tau217, ADx p-tau231, UGot in-house assay

p-tau231, and Lilly t-tau. A summary of the methods is available in

the Supplementary Material, and Table S2 presents the key assay

characteristics.

2.3 Statistical analyses

Differences in participant characteristics between the AD CSF profile

group and the non-ADCSF profile groups were assessed using either a

Mann-Whitney U test or Pearson’s χ2 test, as appropriate. Plasma and

CSF biomarkers did not meet the assumption of normally distributed

residuals; therefore, non-parametric tests were applied. Outliers were

not removed from the analysis.

Biomarker levels in the AD CSF profile group and the non-AD CSF

profile group were presented as medians and interquartile ranges

(IQRs). Differences between these two groups were evaluated using

the Mann–Whitney U test. The effect sizes of the comparisons

were expressed as percentage (%) increases (plasma p-tau and t-

tau biomarkers) or decreases (plasma Aβ42/40 biomarkers) of the

biomarker median in the AD CSF profile group compared to the

non-AD profile group.

Receiver operating characteristic (ROC) analyses were conducted

to assess the ability of biomarkers to discriminate between AD CSF

profile from the non-ADCSF profile. Areas under the curve (AUCs) and

their 95% confidence intervals (95% CIs) were calculated using boot-

strapping (n = 2000 resamples with replacement). Optimal cutoffs for

each tau biomarker were determined using the highest Youden’s index

(sensitivity + specificity – 1) or setting the sensitivity at 90% or the

specificity at 90%. Spearman rank-order correlationwas used to assess

correlations between biomarkers.

Sensitivity analyses were performed on the subgroup of patients

who had all plasma biomarkers available (n= 141). Additional sensitiv-

ity analyses were conducted in participants with syndromic diagnoses

of SCD,MCI, and dementia (n=159), aswell as in those at predementia

stages (SCD andMCI, n= 97).

All tests were two-tailed, with a significance level set at α = 0.05.

Statistical analyses were performed using R version 4.4.0.

3 RESULTS

3.1 Patient characteristics

We included a total of 197 patients (Table 1), who had the following

clinical diagnosis: 18 SCD, 79 MCI, 62 AD dementia, 5 bvFTD, 12 PA,

4 LBD, 4 CBS, 3 PSP-S, 6 VCID, and 4 classified as other dementia

syndromes (Table S1).

All patients, irrespective of the clinical diagnosis,were classifiedbio-

logically based on their AD CSF core biomarker profile (namely the

Lumipulse CSF Aβ42/p-tau181 ratio) into AD (n = 124) and non-AD

(n = 73) CSF profiles. Table 1 presents the main demographic and clin-

ical characteristics of the samples. Participants with AD CSF profile

were older and performed poorer on Mini-Mental State Examination

(MMSE). A higher percentage of apolipoprotein E (APOE) ε4 carriers

was found in the AD CSF profile group. Regarding sex differences, a

higher percentageofwomen in theADCSFprofile groupwasobserved,

which did not reach statistical significance.

3.2 Plasma biomarker levels in biologically
defined AD

Plasma biomarker levels were compared between patients with an

AD and non-AD CSF profile (Table 2 and Figure 1). All plasma tau

biomarkers were statistically significantly increased and all plasma

Aβ42/40 biomarkerswere significantly decreased in theADCSF group

compared to the non-AD CSF group. Nevertheless, the effect size

of these differences varied between plasma biomarkers. The largest

effect sizes were observed for plasma p-tau biomarkers, with plasma

p-tau217 showing the most pronounced group differences (percent-

age difference ranging from 151% to 357%). Although statistically

significant differences were observed for plasma Aβ42/40, the differ-
ences between biologically defined groups were overall smaller than

those of plasma p-tau biomarkers. The same analysis was repeated

using the Elecsys CSF p-tau181/Aβ42 to classify patients into AD

and non-AD CSF profile, in the subset of patients where this mea-

surement was available (Table S3; n = 149), and the results were

similar (Table S4). For most of the assays, the measurement in CSF

was also available, and the differences between groups are shown in

Table S5.

3.3 Discrimination of Aβ pathology status

We next assessed the performance of plasma biomarkers to dis-

criminate between AD and non-AD CSF profiles in a ROC curve
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TABLE 1 Participant characteristics.

Parameter

All

(n= 197)

ADCSF profile

(n= 124)

Non-ADCSF profile

(n= 73) p-value

Age (years) 74 (69, 76) 74 (71, 77) 71 (67, 76) 0.009

Sex, n (%) 0.058

Men 88 (45%) 49 (40%) 39 (53%)

Women 109 (55%) 75 (60%) 34 (47%)

Education (years) 8 (6, 10) 8 (6, 10) 8 (6, 12) 0.8

APOE ε4 carriership, n (%) <0.001

Non-carriers 96 (53%) 41 (35%) 55 (85%)

Carriers 85 (47%) 75 (65%) 10 (15%)

MMSE 23 (19, 26) 21 (18, 24) 25 (23, 28) <0.001

CSF Aβ42/40 0.050 (0.040, 0.077) 0.042 (0.036, 0.049) 0.092 (0.071, 0.100) <0.001

CSF p-tau181 (pg/mL) 80 (48, 125) 111 (82, 140) 39 (28, 53) <0.001

CSF t-tau (pg/mL) 515 (320, 758) 667 (503, 882) 284 (205, 398) <0.001

Note: Data are expressed asmedian and interquartile range or percentage (%). Educationwas not available in 13 participants,APOE ε4 genotype in 16 partici-
pants, andMMSE in 10 participants. ADCSF profile was defined as CSF Aβ42/p-tau181< 10.25 (asmeasured by LUMIPULSEG600II, Fujirebio). Differences

between AD CSF profile and non-AD CSF profile groups were tested with a Mann-Whitney U test (age, education, MMSE, CSF Aβ42/40, CSF p-tau181, and
CSF t-tau) or a Pearson’s χ2 test (sex, and APOE ε4 genotype). The APOE ε4 carriership was categorized as carrying one or two ε4 alleles (carriers) versus

carrying no ε4 alleles (non-carriers).
Clinical diagnoses in the ADCSF group (n= 124): 3 SCD, 45MCI, 56 AD dementia, 1 LBD, 5 VCID, 5 PSP-S/CBS, 7 PA, and 2 “other” causes of dementia.

Clinical diagnoses in the non-AD CSF group (n = 73): 15 SCD, 34 MCI, 6 AD dementia, 3 LBD, 1 VCID, 2 PSP-S/CBS, 5 bvFTD, 5 PA, 2 “other” causes of

dementia.

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; bvFTD, behavioral variant frontotemporal dementia; CSF, cerebrospinal fluid; LBD, Lewy

body dementia; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; PA, progressive and primary progressive aphasia; PSP-S/CBS,

progressive supranuclear palsy syndrome/corticobasal syndrome; SCD, subjective cognitive decline; VCID, vascular cognitive impairment and dementia.

analysis (Figure 2). The AUCs were as follows (from highest to lowest):

Lumipulse p-tau217 (0.97, 95% confidence interval [CI] 0.94–0.99),

MSD p-tau217 (0.95, 95% CI 0.92–0.99), NULISA p-tau217 (0.95, CI

95% 0.91–0.99), ALZpath Simoa p-tau217 (0.94, 95% CI 0.90–0.98),

Roche p-tau181 (0.89, 95% CI 0.84–0.94), NULISA p-tau231 (0.85,

95% CI 0.79–0.91), Lumipulse p-tau181 (0.81, 95% CI 0.74–0.87),

Lumipulse Aβ42/40 (0.79, 95% CI 0.72–0.87), NULISA Aβ42/40 (0.77,

95% CI 0.69–0.84), MSD p-tau181 (0.75, 95% CI 0.67–0.84), Roche

Aβ42/40 (0.73, 95%CI 0.64–0.81), NULISAMAPT (0.69, 95%CI 0.61–

0.77), andNULISAp-tau181 (0.69, 95%CI 0.60–0.78). Sensitivities and

specificities of eachassayaredepicted inTables S6andS7.After setting

the sensitivity to90%, all plasmap-tau217biomarkers investigatedhad

a specificity higher than 75%. ROC curve analyseswere repeated using

the Elecsys CSF p-tau181/Aβ42 to classify patients and the results

were similar (Table S8).

3.4 Sensitivity analyses

To account for missing plasma biomarker data in some patients and to

ensure that variations in participant numbers across different assays

did not affect the results, we performed a sensitivity analysis on the

subgroup of patients for whom all plasma biomarkers were available

(n = 141; Table S9). This analysis also included the plasma biomark-

ers previously reported by our group,12 enabling a direct comparison

of 22 plasma biomarkers across 141 patients. The analysis comprised

17 plasma p-tau assays (8 p-tau181, 6 p-tau217, 3 p-tau231), 2 t-tau

assays, and 3 Aβ42/40 assays (Figure S1 and Table S10). Remark-

ably, among all the plasma biomarkers, all six plasma p-tau217 assays

achieved anAUCabove 0.90. Additionally, two plasma p-tau181 assays

also had an AUC exceeding 0.90 (Figure S1).

Given the inclusion of a range of different clinical diagnoses in the

study (reflecting the reality of a memory clinic), we conducted addi-

tional sensitivity analyses focused on patients with the syndromic

diagnoses of SCD, MCI, and AD dementia (n = 159; Table S11). To

evaluate plasma biomarkers in the early stages, we also performed

an analysis including only patients with SCD and MCI (n = 97; Table

S12). The AUC results from these sensitivity analyses (Table S13) were

consistent with those obtained from the full sample.

3.5 Correlations between biomarkers

Finally, we assessed the correlation between plasma biomarkers

and their corresponding CSF counterparts across the assays where

both measures were available (Lumipulse p-tau181, MSD p-tau181,

NULISA p-tau181, Roche p-tau181, Lumipulse p-tau217, MSD p-

tau217, NULISA p-tau217, NULISA p-tau231, and NULISA MAPT;

Figure S2). All correlations were statistically significant, with the high-

est Spearmancoefficientsobserved for thep-tau217assays (Lumipulse
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TABLE 2 Plasma biomarker differences between groups.

Parameter n ADCSF profile Non-ADCSF profile p-value
%

Difference

Plasma p-tau181

Lumipulse p-tau181 193 2.62 (2.04, 3.32) 1.63 (1.31, 2.08) <0.001 61.0

MSD p-tau181 155 2.73 (2.11, 3.84) 1.70 (1.21, 2.35) <0.001 61.2

NULISA p-tau181 190 12.5 (12.3, 12.8) 12.1 (11.8, 12.6) <0.001 34.7

Roche p-tau181 173 1.50 (1.11, 2.01) 0.74 (0.61, 0.97) <0.001 104

Plasma p-tau217

ALZpath Simoa

p-tau217

181 0.96 (0.64, 1.38) 0.25 (0.18, 0.38) <0.001 286

Lumipulse p-tau217 182 0.62 (0.45, 1.03) 0.14 (0.10, 0.19) <0.001 357

MSD p-tau217 157 17.1 (11.0, 23.3) 4.26 (3.38, 5.95) <0.001 303

NULISA p-tau217 190 12.3 (11.9, 12.7) 10.9 (10.7, 11.3) <0.001 151

Plasma p-tau231

NULISA p-tau231 190 12.3 (11.8, 12.6) 11.2 (11.0, 11.7) <0.001 104

Plasma t-tau

NULISAMAPT 190 11.7 (11.5, 12.1) 11.4 (11.0, 11.8) <0.001 24.0

Plasma Aβ42/40

Lumipulse Aβ42/40 193 0.07 (0.07, 0.07) 0.08 (0.07, 0.09) <0.001 −13.2

NULISA Aβ42/40 190 0.98 (0.97, 1.00) 1.01 (0.99, 1.03) <0.001 −20.7

Roche Aβ42/40 173 109 (101, 115) 120 (111, 134) <0.001 −9.30

Note: Plasma biomarker measurements are expressed as pg/mL for all biomarkers, except for ratios (Aβ42/40), and NULISA biomarkers that are expressed

in NULISA Protein Quantification (NPQ) units; the median and interquartile range are shown. Differences between AD CSF profile and non-AD CSF profile

groups were tested with a Mann-Whitney U test. The effect sizes of the comparisons were expressed as percentage (%) increases (plasma p-tau and t-tau

biomarkers) or decreases (plasma Aβ42/40 biomarkers) of the biomarker median in the AD CSF profile group compared to the non-AD profile group. The

syndromic diagnoses per each group are shown in Table S1.

Abbreviations: Aβ, amyloid-β; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MAPT, microtubule associated protein tau; p-tau181, tau phosphorylated at

threonine 181; p-tau217, tau phosphorylated at threonine 217; p-tau231, tau phosphorylated at threonine 231; t-tau, total tau.

p-tau217: r = 0.81; MSD p-tau217: r = 0.78; NULISA p-tau217:

r = 0.73). Additionally, a correlation matrix of plasma biomarker is

included in Figure S3.

4 DISCUSSION

In this study, we conducted a head-to-head comparison of several

plasma tau and Aβ42/40 biomarkers in a clinical cohort from a mem-

ory unit, encompassing patients with a wide range of cognitive and/or

behavioral symptoms.We found that several plasma biomarkers exhib-

ited high performance in detecting AD, though notable differences

among them are worth highlighting. First, plasma p-tau biomarkers

generally demonstrated higher performance in classifying Aβ pathol-
ogy status and showed a larger effect size between groups compared

to plasma total tau and Aβ42/40 assays. Second, all plasma p-tau217

assays investigated showed excellent performance, often surpassing

those assays targeting other phosphorylation sites, although some

assays targeting T181 and T231 also produced convincing results.

These findings were consistent in sensitivity analyses across differ-

ent syndromic diagnoses, reflecting routine clinical practice. Finally,

p-tau217 assays showed the highest correlation between plasma and

CSF levels, suggesting that this plasma biomarker more accurately

reflects CSF levels. Notably, plasma p-tau217 levels in the non-AD

group are generally low, allowing for clearer differentiation from the

AD group.

Building on our previous head-to-head study,12 we now provide

a direct comparison of 22 plasma biomarkers, including 8 p-tau181,

6 p-tau217, 3 p-tau231, 2 t-tau assays, and 3 Aβ42/40 assays. This

direct comparison within the same cohort, and in a subset of iden-

tical patients, allows for a precise evaluation of these assays under

consistent conditions. The promising outcome is that several assays,

particularly all p-tau217 assays and some p-tau181 assays, exhibit

high performance to classify Aβ pathology status (with AUCs above

90%), making them potentially well-suited for clinical practice (contin-

gent upon regulatory approval). Notably, all plasma p-tau217 assays

meet the recently establishedminimumperformance criteria for blood

biomarkers set by the BBMWorkgroup, which recommend a sensitiv-

ity of 90% and a specificity above 75% or higher for use as a triaging

test in specialized centers.24 These results are consistent with pre-

vious reports indicating that plasma p-tau217 assays have the best

performance in symptomatic patients.4,6,9–13
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F IGURE 1 Raincloud plots showing differences in plasma biomarkers (A, p-tau181; B, p-tau217; C, p-tau231; D, t-tau; E, Aβ42/40) between
the ADCSF profile (orange) and non-ADCSF profile (blue) groups. The box plot displays themedian (horizontal line), interquartile range (box), and
1.5x interquartile range (whiskers). Individual biomarker values are also represented. Group differences were assessed using theMann–Whitney
U test. Table 2 presents themedian and interquartile ranges for each group, along with the effect sizes of the differences. Plasma biomarker
measurements are expressed as pg/ml for all biomarkers, except for ratios (Aβ42/40), and NULISA biomarkers that are expressed in NULISA
Protein Quantification (NPQ) units.
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F IGURE 2 Diagnostic performance of plasma biomarkers in discriminating ADCSF profiles from non-ADCSF profiles using receiver operating
characteristic (ROC) analyses. (A) Bar plots showing the areas under the curve (AUCs) with their corresponding 95% confidence intervals (CIs) for
each plasma biomarker. (B) ROC curves for the different plasma biomarkers, distinguished by color: p-tau181 (blue), p-tau217 (green), p-tau231
(yellow), t-tau (purple), and Aβ42/40 (red).

Although statistically significant differences were observed for

plasma Aβ42/40 biomarkers, the effect sizes were small, with reduc-

tions ranging from 9% to 21%. This aligns with previous research

showing only modest reductions (8%–15%) in blood Aβ levels in

AD.25 The small effect sizes in blood Aβ levels may impact the

robustness of the analysis, as minor variations can influence patient

classification.26,27

Our study evaluates a diverse range of blood-based biomark-

ers, covering various phosphorylation sites, methods, and platforms.

The results show high diagnostic performance for several assays,

underscoring an expanding array of options for AD diagnosis. While

our study focused on immunoassays and did not include IP-MS

technologies—despite their excellent performance but limited suitabil-

ity for widespread clinical use—we did incorporate the novel NULISA

platform.22 This platform, basedonproximity ligation assay technology

and capable of multiplexing, demonstrated comparable performance

to some of the top immunoassays. Ultimately, the choice of biomarker

may be influenced by factors such as context, availability, cost, regula-

tory status, and scalability, with some assays being fully automated and

others semi-automated.

This study has several limitations. First, it lacks pathological confir-

mation of AD, which remains the gold standard, as well as amyloid/tau

PET imaging. However, the CSF Aβ42/p-tau181 ratio has been shown

to have high concordance with amyloid PET in previous studies.28,29

Second, it is unicentric,meaning the findings arebasedonpatients from

our hospital and need validation in other cohorts globally. Third, the

study did not explore potential confounding factors, clinical robust-

ness, or assess the clinical impact of using these plasma biomarkers.

However, the strengths of this study include its focus on patients

routinely referred from primary care with suspected cognitive disor-

ders and/or neurodegenerative diseases to a reference public hospital,

which serves asbotha secondary and tertiary careunit. This population

is more heterogeneous, with a broader range of clinical presenta-

tions, compared to research-only cohorts. As a result, the population

seen in our hospital is representative of the cognitive disorders preva-

lent in our community. Additionally, we compared the performance of

blood-based biomarkers with the current routine diagnostic test, CSF

analysis, offering a realistic reflection of clinical practice. For example,

although 90% of individuals clinically diagnosedwith AD dementia had

an AD CSF profile, 10% were misdiagnosed and did not exhibit an AD

CSF profile (Table S1).

In conclusion, our study shows that several plasma biomarkers, par-

ticularly p-tau217 and some p-tau181 assays, have high performance

in detecting AD in a memory clinic setting. These findings support the

implementation of these tests in clinical practice.
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and results presented in the article, providing data transfer agrees
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