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Abstract
Background  Alzheimer’s disease (AD) is characterized by the accumulation of amyloid-β (Aβ) pathology. Recently, 
plasma biomarkers, particularly p-tau217, have emerged as promising tools for early diagnosis and risk stratification. 
In this retrospective study, we evaluated the diagnostic performance of p-tau217 combined with other plasma 
biomarkers in distinguishing Aβ Positron emission tomography (PET) positivity in cognitively unimpaired (CU) and 
cognitively impaired (CI) individuals across diverse clinical subgroups.

Methods  We analyzed 2,497 participants from the Korea-Registries to Overcome dementia and Accelerate Dementia 
(K-ROAD) cohort, including 636 CU and 1,971 CI individuals. Plasma p-tau217 was measured using both SIngle 
MOlecule Array (SIMOA) and Meso Scale Discovery (MSD) assays, alongside Aβ42/40, Glial fibrillary acidic protein 
(GFAP), and Neurofilament light chain (NfL). We assessed the diagnostic performance of biomarker combinations 
for Aβ PET positivity through the area under the receiver operating characteristic curve (AUC), Akaike Information 
Criterion (AIC) and Bayesian Information Criterion (BIC), and performed subgroup analyses based on age, sex, 
body mass index (BMI), and Apolipoprotein E (APOE) ε4 status. To assess applicability, we stratified the cohort by 
recruitment site into a development set (Samsung Medical Center, n = 1,545) and a validation set (other centers, 
n = 952).

Results  In CU individuals from the development cohort, the combination of p-tau217 and Aβ42/40 significantly 
improved diagnostic accuracy (AUC: ALZpath 0.937 vs. 0.905, MSD 0.901 vs. 0.861; p < 0.05, DeLong test; 95% CIs) and 
model fit (AIC /BIC, p < 0.001) compared to p-tau217 alone. In contrast, in CI individuals, the combination provided 
only modest improvements in model fit without significantly enhancing AUC. GFAP and NfL did not contribute 
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Introduction
Alzheimer’s disease (AD) is a progressive neurodegen-
erative disorder characterized by the accumulation of 
β-amyloid (Aβ) plaques and tau neurofibrillary tangles 
[1–3]. The pathological cascade of AD is thought to 
begin with Aβ deposition, which can be detected even 
in cognitively unimpaired (CU) individuals before clini-
cal symptoms emerge [4, 5]. Currently, Aβ positron emis-
sion tomography (PET) imaging and cerebrospinal fluid 
(CSF) biomarkers are the gold standard for detecting Aβ 
pathology, enabling early diagnosis and risk stratification 
[6–8]. However, their widespread clinical use remains 
limited due to high costs, invasiveness, and logistical 
constraints.

In recent years, plasma biomarkers have emerged as 
promising, minimally invasive alternatives for detect-
ing AD pathology [9–12]. Among these, plasma phos-
phorylated tau (p-tau) 217 is highly specific for AD 
and strongly correlates with both Aβ and tau pathology 
[13–16]. Additionally, the Aβ42/40 ratio reflects soluble 
amyloid species and serves as an early marker of amyloid 
accumulation [17–19]. While GFAP and NfL are consid-
ered non-specific biomarkers [20, 21], they play critical 
roles in AD pathophysiology—GFAP reflecting astrocytic 
activation and NfL serving as a marker of neurodegen-
eration [22–26]. Despite the growing use of plasma bio-
markers in AD diagnostics, there is limited research on 
which biomarkers should be combined with p-tau217 to 
maximize diagnostic accuracy [27–31]. Furthermore, the 
optimal biomarker combination may differ depending on 
cognitive status. In CU individuals, where amyloid accu-
mulation often precedes significant tau pathology, early 
markers like Aβ42/40 may provide complementary infor-
mation to p-tau217 [29, 32]. However, it remains unclear 
whether and how the utility of such combinations may 
differ across cognitive stages and clinical subgroups. 
Clarifying the optimal biomarker combinations for each 
context is essential to improving plasma-based AD diag-
nostics. In this regard, additional biomarkers such as NfL 
and GFAP—which reflect neurodegeneration and astro-
cytic activation, respectively—may capture broader path-
ological changes and contribute to model performance 
in certain subgroups, though their specificity is limited. 

In contrast, in cognitively impaired (CI) individuals—
where both Aβ and tau pathology are more prevalent—it 
is possible that biomarkers reflecting neurodegeneration, 
such as NfL, or neuroinflammation, such as GFAP, could 
improve diagnostic performance by capturing broader 
disease processes beyond Aβ pathology [33, 34]. How-
ever, the specific benefits of these additional biomarkers 
in different cognitive stages remain unclear, highlighting 
the need for further research on context-specific plasma 
biomarker combinations.

Unlike AD pathologies detected in the brain, plasma 
biomarkers are subject to greater biological variability 
due to peripheral influences, which can impact their diag-
nostic accuracy and interpretation. Among these influ-
ences, demographic and clinical factors such as age, sex, 
body mass index (BMI), and Apolipoprotein E (APOE) ε4 
carrier status play a significant role in modulating plasma 
biomarker levels [35–37]. Age-related changes in neuro-
degeneration, sex-based hormonal and metabolic differ-
ences, BMI-associated variations in Aβ metabolism, and 
the impact of APOE ε4 on Aβ processing all contribute to 
differences in biomarker concentrations across individu-
als. Given these variations, subgroup analyses based on 
these factors are essential to assess whether the diagnos-
tic performance of combined plasma biomarkers differs 
across populations. Identifying these differences could 
help refine biomarker-based screening strategies and 
improve individualized risk assessment for AD.

In the present study, we evaluated the diagnostic per-
formance and model fit of a plasma biomarker combi-
nation in a large cohort of CU and CI individuals, with 
p-tau217 measured using both the SIngle MOlecule 
Array (SIMOA) and Meso Scale Discovery (MSD) assays. 
We further validated this biomarker model in an inde-
pendent subset from other centers to assess its generaliz-
ability. Additionally, we aimed to determine whether the 
effectiveness of this combined biomarker model varies by 
stratifying participants based on demographic and clini-
cal factors, including age, sex, BMI, and APOE ε4 status.

significantly to amyloid detection in either group. These findings were successfully validated in an independent 
cohort from other centers. Subgroup analyses in CU individuals showed the greatest improvements in older adults, 
females, and APOE4 non-carriers, regardless of obesity status. In CI individuals, the combination had no significant 
impact on AUC except in males, where a small but significant increase was observed (p = 0.002).

Conclusion  Combining p-tau217 with Aβ42/40 enhances amyloid detection in CU individuals, improving both 
diagnostic accuracy and model fit, whereas its impact in CI individuals is limited. These results highlight the potential 
of plasma biomarker combinations for refining early AD diagnostics and individualized risk assessment.

Keywords  Alzheimer’s disease, Plasma biomarkers, p-tau217, Aβ42/40, Diagnostic accuracy
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Materials and methods
Study population
Participants were consecutively recruited from the 
Korea-Registries to Overcome dementia and Accelerate 
Dementia (K-ROAD) project, a multicenter nationwide 
initiative involving 25 tertiary-care hospitals across South 
Korea between 2016 and 2024, with Samsung Medical 
Center (SMC) serving as the core institution. Although 
individuals with non-AD etiologies such as frontotem-
poral dementia (FTD) and subcortical vascular cogni-
tive impairment (SVCI) were also enrolled in the broader 
K-ROAD cohort, these participants were excluded from 
the current analysis to focus on the Alzheimer’s disease 
continuum. Accordingly, the current study included only 
individuals along the Alzheimer’s disease continuum—
cognitively unimpaired (CU), mild cognitive impairment 
(MCI), and dementia of the Alzheimer’s type (DAT). 
These participating tertiary hospitals not only recruited 
patients from memory disorder clinics, similar to ADNI 
and the Amsterdam Dementia Cohort, but also operated 
government-commissioned dementia prevention cen-
ters established by local municipalities to support com-
munity-based dementia screening and care. This hybrid 
recruitment strategy reflects both clinical and popula-
tion-based referrals, enhancing the representativeness of 
the cohort [38].

We analyzed a total of 2,497 individuals who under-
went both plasma biomarkers testing and Aβ PET imag-
ing. For this retrospective study, we included participants 
from two groups: CU (n = 613) and CI (n = 1,884), with 
the CI group consisting of individuals diagnosed with 
MCI (n = 1,344) or DAT (n = 540). To examine the broader 
applicability of the model within the cohort, we stratified 
the data by recruitment site: SMC (n = 1,545) and other 
participating centers (n = 952). Inclusion criteria for CU, 
MCI, and AD dementia were based on established diag-
nostic frameworks. MCI due to AD was defined accord-
ing to the NIA-AA criteria [39], and cognitive status was 
assessed using the Korean version of the Mini-Mental 
State Examination-2: Standard Version (K-MMSE-2:SV) 
[40] and the Seoul Neuropsychological Screening Bat-
tery (SNSB) [41]. Full inclusion and exclusion criteria are 
detailed in the Supplementary Methods.

Brain magnetic resonance imaging acquisition
All participants underwent brain magnetic resonance 
imaging (MRI) at their respective centers, following a 
standardized imaging protocol. This protocol included 
3-dimensional (3D) T1 turbo field echo sequences and 
fluid attenuated inversion recovery (FLAIR) imaging, 
using a 3.0-T MRI scanner. T1-weighted images were 
obtained with an isotropic voxel size of 1 mm³ on all MRI 
machines. All images were reviewed at Samsung Medical 
Center. The median time between Aβ PET imaging and 

plasma collection was 4 days, with an interquartile range 
of 0–69 days.

Aβ PET imaging acquisition and quantification using RdcCL 
methods
All participants underwent Aβ PET imaging with [18F]
Florbetaben or [18F]Flutemetamol, according to the man-
ufacturer’s imaging guidelines. We then quantified Aβ 
uptake using the global MRI-based regional direct com-
parison Centiloid (rdcCL) method [42]. Global amyloid 
PET positivity was defined using a regional data-driven 
Centiloid (rdcCL) threshold of 20, which has been widely 
used in both research and clinical trial settings to define 
abnormal amyloid burden, including in the AHEAD 
study (NCT04468659). This cutoff offers an objective and 
standardized criterion that facilitates cross-site compa-
rability [43, 44]. All imaging analyses were conducted at 
the Alzheimer’s Disease Convergence Research Center at 
SMC. The detailed protocol for PET imaging, quantifica-
tion and obtaining Aβ PET cutoff points is described in 
the Supplementary Methods.

Plasma collection and processing
The detailed plasma collection and processing methods 
are described in Supplementary Methods. Plasma Aβ40, 
Aβ42, GFAP, and NfL concentrations were measured 
using the commercial Neurology 4-Plex E kit (Quan-
terix, PN 103670). The p-tau217 concentration was mea-
sured using two different immunoassay platforms. First, 
measurements were performed using the commercial 
ALZpath Simoa® p-tau217 v2 assay (ALZpath) kit (Quan-
terix, PN 104371) at the University of Gothenburg, Swe-
den. Second, additional p-tau217 measurements were 
obtained using a customized assay on the Meso Scale 
Discovery (MSD) platform (Rockville, Maryland), con-
ducted by Lilly Research Laboratories. The median inter-
val between plasma collection and Aβ PET imaging was 
0 days (IQR 0–21 days). Laboratory personnel conduct-
ing the biomarker assays were blinded to the participants’ 
clinical information and Aβ PET results.

Stratification by potential influencing factors affecting 
plasma p-tau217 level
We first evaluated the diagnostic performance of 
p-tau217 alone and p-tau217 combined with another bio-
marker for predicting Aβ PET positivity in participants 
classified into the CI and CU groups. In each group, the 
optimal biomarker combination was selected as the best 
model. The performance of the p-tau217 alone model 
and the best combination model was then validated in 
subgroups stratified by age, sex, BMI, and APOE ε4 car-
rier status to examine how model performance varies 
across different demographic subgroups.
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Statistical analysis
All eligible participants with complete plasma biomarker 
and amyloid PET data (N = 2,497) were included in the 
overall dataset. No formal sample size calculation was 
performed, as the study utilized all available data from 
the K-ROAD cohort. Demographic and clinical charac-
teristics were summarized as mean (standard deviation) 
or median (interquartile range) for continuous variables, 
and as numbers (percentages) for categorical variables. 
Model development was conducted using data from par-
ticipants recruited at SMC. Logistic regression models 
were used to predict Aβ PET positivity based on plasma 
biomarker data. Model performance was evaluated using 
area under the receiver operating characteristic curve 
(AUC), Akaike Information Criterion (AIC), Bayesian 
Information Criterion (BIC), and likelihood ratio tests 
(LRTs). AUC comparisons between the p-tau217-only 
model and combination models were conducted using 
DeLong’s test. Multivariate logistic regression models 
used to compute the amyloid probability (AP), and opti-
mal cut-offs were derived based on the Youden Index. 
The resulting AP model was applied to an independent 
subset from other participating centers, and performance 
metrics, including AUC, sensitivity, specificity, PPV, and 
NPV, were calculated for both cohorts.

Additionally, pre-specified subgroup analyses were 
conducted in the entire K-ROAD cohort to evaluate 
model performance across demographic and clinical fac-
tors, including age, sex, APOE ε4 status, and BMI.

All statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC). The data analysts 
were blinded to participants’ clinical diagnoses and Aβ 
PET status during model development and evaluation.

Results
Baseline characteristics of the study population
The baseline characteristics of the study population are 
summarized in Table 1.

All participants included in this analysis (N = 2,497) had 
complete data for both plasma biomarkers and amyloid 
PET Centiloid values, as shown in the participant flow 
diagram (Supplementary Fig. 1). Among CI participants 
(N = 1,884) and CU participants (N = 613), the mean age 
was 71.8 and 70.1 years, respectively, with 20.9% and 
25.0% under 65 years. Females comprised 62.9% of the 
CI group and 64.3% of the CU group. The mean BMI 
was 23.5 in the CI group and 24.0 in the CU group, with 
obesity (BMI ≥ 25 kg/m2) observed in 27.4% and 34.1%, 
respectively. APOE ε4 carriers accounted for 44.2% of the 
CI group and 25.1% of the CU group, while Aβ positivity 
was found in 63.9% and 26.6%, respectively. Table 1 also 
presents a stratified comparison of participant character-
istics between Samsung Medical Center (n = 1,545) and 
other centers (n = 952). Overall, participants from other 
centers tended to be slightly older and had lower educa-
tion levels, particularly in the CI group. APOE ε4 carriage 
and Aβ PET positivity were more common in SMC par-
ticipants across both CI and CU groups, whereas the pro-
portion of younger and female participants was slightly 
higher at other centers in the CU group.

Development of plasma biomarker models in the SMC 
cohort
In CU individuals, the combination of p-tau217 and 
Aβ42/40 ratio significantly improved diagnostic accuracy 
compared to p-tau217 alone (ALZpath: 0.937 vs. 0.905, 
p = 0.001, DeLong test; MSD: 0.901 vs. 0.861, p = 0.004, 
DeLong test) (Fig. 1 and Supplementary Table S1). Addi-
tionally, the combination model showed better model fit, 
with lower AIC/BIC values (ALZpath: 262.7/274.6 vs. 

Table 1  Baseline characteristics of participants
Characteristics Total (N = 2,497) Samsung Medical Center 

(N = 1,545)
Other centers 
(N = 952)

CI (N = 1,884) CU (N = 613) CI (N = 391) CU (N = 1,154) CI (N = 730) CU 
(N = 222)

Age, mean (SD), years 71.8 (8.7) 70.1 (8.3) 71.2 (8.7) 71.4 (7.3) 72.8 (8.7) 67.7 (9.4)
Age < 65, n (%) 393 (20.9%) 153 (25.0%) 273 (23.66%) 69 (17.65%) 120 (16.44%) 84 (37.84%)
Female, n (%) 1,185 (62.9%) 394 (64.3%) 708 (61.35%) 242 (61.89%) 477 (65.34%) 152 (68.47%)
Years of education, mean (SD) 10.6 (4.8) 11.4 (4.7) 11.3 (4.8) 11.9 (4.7) 9.4 (4.6) 10.6 (4.6)
BMI, mean (SD), kg/m2 23.5 (3.2) 24.0 (2.9) 23.4 (3.1) 24.0 (3.0) 23.6 (3.3) 24.1 (2.8)
Obese (BMI ≥ 25 kg/m2), n (%) 517 (27.4%) 209 (34.1%) 313 (27.19%) 123 (31.87%) 204 (28.1%) 86 (38.91%)
ε4 carriers, n (%) 832 (44.2%) 154 (25.1%) 559 (48.44%) 113 (28.9%) 273 (37.4%) 41 (18.47%)
Cognitive stage (MCI / DAT), n (%) 1,344 (71.3%) / 540 

(28.7%)
Not Applicable 702 (60.83%) / 

452 (39.17%)
Not Applicable 642 

(87.95%) / 
88 (12.05%)

Not 
Applicable

Aβ positivity (rdcCL > 20), n (%) 1,203 (63.9%) 163 (26.6%) 829 (71.84%) 123 (31.46%) 374 (51.23%) 40 (18.02%)
Abbreviations: CU, Cognitively Unimpaired; CI, Cognitively Impaired; SD, Standard deviation; n, Number of individuals; BMI, Body mass index; APOE, Apolipoprotein 
E; MCI, Mild cognitive impairment; DAT, Dementia of Alzheimer’s type; rdcCL, regional direct comparison Centiloid
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301.7/309.6, p < 0.001; MSD: 310.3/322.1 vs. 356.1/364, 
p < 0.001). In contrast, adding GFAP or NfL to p-tau217 
did not yield further improvements. In CI individu-
als, the combination did not significantly improve AUC 

compared to p-tau217 alone (ALZpath: 0.936 vs. 0.935, 
p = 0.353, DeLong test; MSD: 0.934 vs. 0.932, p = 0.567). 
However, model fit was still improved, as reflected 
by lower AIC/BIC values (ALZpath: 783.1/798.3 vs. 

Fig. 1  Diagnostic performance of combined plasma biomarkers measured by ALZpath (A) and MSD (B) in CU and CI individuals from the develop-
ment cohort of the K-ROAD study, recruited at SMC. The figures present the diagnostic performance of plasma p-tau217 alone and in combination with 
Aβ42/40, GFAP, or NfL in CU and CI individuals using the ALZpath assay (A) and the MSD assay (B). In both panels, the left graphs depict the AUC values for 
each biomarker combination, with the dashed gray line representing the AUC of p-tau217 alone. The right graphs present model fit comparisons using 
AIC and BIC, where lower values indicate better model fit. The error bar indicates 95% confidence interval. Abbreviations: SMC, Samsung Medical Center; 
MSD, Meso Scale Discovery; CU, cognitively unimpaired; CI, cognitively impaired; GFAP, Glial fibrillary acidic protein; NfL, Neurofilament light chain; AUC, 
area under the curve; AIC, Akaike information criterion; BIC, Bayesian information criterion

 



Page 6 of 12Kang et al. Alzheimer's Research & Therapy          (2025) 17:184 

795.3/805.4, p < 0.001; MSD: 804.5/819.6 vs. 825.8/835.9, 
p < 0.001).

The optimal AP cutoffs were 0.255 (ALZpath) and 
0.250 (MSD) for the p-tau217 + Aβ42/40 model, and 
0.229 (ALZpath) and 0.322 (MSD) for the p-tau217-only 
model in CU individuals. In CI individuals, the cutoffs 
were 0.580 (ALZpath) and 0.592 (MSD) for the combi-
nation model, and 0.528 (ALZpath) and 0.536 (MSD) for 
the p-tau217-only model.

Validation of plasma biomarker models in the independent 
cohort
To assess generalizability, we applied the derived AP 
cut-offs to an independent subset from other centers 
(Table  2). In CU individuals, combining biomarkers 
yielded higher AUCs than p-tau217 alone (ALZpath: 
0.954 vs. 0.935; MSD: 0.951 vs. 0.907) and comparable 
or improved sensitivity (ALZpath: 90.0%; MSD: 85.0%), 
specificity (ALZpath: 90.1%; MSD: 88.2%), and NPV 
(ALZpath: 97.6%; MSD: 96.3%). In CI individuals, AUCs 
remained similar (ALZpath: 0.930 vs. 0.928; MSD: 0.927 
vs. 0.923), with modest gains in model fit, sensitivity, and 
specificity.

Plasma p-tau217 and Aβ42/40 combination across 
subgroups
Given the consistent findings across both the develop-
ment and validation cohorts, and to ensure sufficient sta-
tistical power in subgroup analyses, we combined the two 
datasets. We then evaluated the diagnostic performance 
of the p-tau217 + Aβ42/40 ratio across subgroups defined 
by age, sex, BMI, and APOE ε4 status, as this model out-
performed other p-tau217-based combinations (Fig.  2 
and Supplementary Table S2)

In CU individuals, the combination significantly 
improved AUC in older adults (≥ 65 years, from 0.908 to 
0.940, p = 0.001), females (from 0.897 to 0.938, p < 0.001), 
non-obese individuals (from 0.922 to 0.948, p = 0.006), 
obese individuals (from 0.894 to 0.930, p = 0.033), and 
non-APOE ε4 carriers (from 0.919 to 0.949, p = 0.0086) in 
the ALZpath assay. Similar improvements were observed 
with the MSD assay, where the results were comparable 
to those obtained with the ALZpath assay. Across all CU 
subgroups, the combination model also demonstrated 
better fit, as evidenced by lower AIC values. In CI indi-
viduals, AUC differences between subgroups were mini-
mal, except in males, where the combination significantly 
improved AUC in the ALZpath assay (0.925 to 0.932, 
p = 0.002) and the MSD assay (0.935 to 0.944, p = 0.002). 
However, AIC values were consistently lower across all 

Table 2  Validation performance of the amyloid probability score in other centers
Development cohort
(SMC)

AUC AP Sensitivity Specificity PPV NPV

ALZpath
CU p-tau217 0.905 0.229 85.4% 84.0% 70.9% 92.6%

p-tau217 + Aβ42/40 0.937 0.255 88.6% 85.8% 74.2% 94.3%
CI p-tau217 0.935 0.528 92.9% 88.0% 95.2% 82.9%

p-tau217 + Aβ42/40 0.936 0.58 91.8% 89.5% 95.7% 81.1%
MSD
CU p-tau217 0.861 0.322 75.6% 85.6% 70.3% 88.6%

p-tau217 + Aβ42/40 0.901 0.25 90.8% 78.0% 65.1% 94.9%
CI p-tau217 0.932 0.536 93.3% 86.9% 94.8% 83.5%

p-tau217 + Aβ42/40 0.934 0.592 92.0% 90.9% 96.3% 81.5%
Validation cohort
(Other centers)

AUC Sensitivity Specificity PPV NPV

ALZpath
CU p-tau217 0.935 90.0% 87.9% 62.1% 97.6%

p-tau217 + Aβ42/40 0.954 90.0% 90.1% 66.7% 97.6%
CI p-tau217 0.928 87.4% 87.4% 87.9% 86.9%

p-tau217 + Aβ42/40 0.930 84.5% 90.2% 90.0% 84.7%
MSD
CU p-tau217 0.907 75.0% 92.7% 69.8% 94.3%

p-tau217 + Aβ42/40 0.951 85.0% 88.2% 61.8% 96.3%
CI p-tau217 0.923 87.5% 88.1% 88.6% 86.9%

p-tau217 + Aβ42/40 0.927 84.0% 91.0% 90.8% 84.3%
Abbreviations: AP, amyloid probability; MSD, Meso Scale Discovery; CU, Cognitively Unimpaired; CI, Cognitively Impaired; AUC, Area under curve; PPV, positive 
predictive value; NPV, Negative predictive value
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Fig. 2  Diagnostic performance of the plasma p-tau217 and Aβ42/40 combination across subgroups using ALZpath (A) and Meso Scale Discovery (B) 
assays. The figures present the diagnostic performance of the p-tau217 + Aβ42/40 combination across subgroups stratified by age, sex, body mass index, 
and APOE ε4 status, using the ALZpath assay (A) and the MSD assay (B). The left panels display the AUC values for each subgroup, comparing p-tau217 
alone and the combination model. The dashed gray line represents the AUC of p-tau217 alone and the p-tau217 + Aβ42/40 model in the total participant 
cohort. The right panels illustrate model fit using AIC and BIC, where lower values indicate better model fit. The error bar indicates 95% confidence inter-
val. Abbreviations: MSD, Meso Scale Discovery; CU, cognitively unimpaired; CI, cognitively impaired; AUC, area under the curve; AIC, Akaike information 
criterion; BIC, Bayesian information criterion
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CI subgroups, suggesting modest model fit improve-
ments despite the lack of significant AUC changes

Discussion
We assessed the diagnostic performance and model fit 
of plasma biomarkers in CU and CI individuals using 
SIMOA and MSD assays, with model development at 
SMC and validation in an independent cohort. Our 
major findings were as follows. First, in CU individuals, 
the combined plasma p-tau217 and Aβ42/40 model sig-
nificantly improved diagnostic accuracy and model fit 
compared to p-tau217 alone, whereas in CI, it provided 
only modest model fit improvements without enhanc-
ing AUC. These findings were consistent across both the 
SIMOA and MSD assays, and the amyloid probability 
score was validated in an independent cohort, support-
ing its robustness and cross-site applicability. In con-
trast, adding GFAP or NfL did not improve diagnostic 
performance or model fit in either group. Finally, within 
CU subgroups stratified by age, sex, APOE4 status, and 
obesity, the combined model enhanced diagnostic per-
formance in older individuals, females, and APOE4 non-
carriers. These findings were observed in both obese and 
non-obese participants and were consistent across both 
the SIMOA and MSD assays. Taken together, these find-
ings suggest that the combined plasma p-tau217 and 
Aβ42/40 model improves predictive performance in spe-
cific CU subgroups, while offering only modest benefits 
in CI individuals. These results underscore the clinical 
potential of integrated plasma biomarker strategies for 
enhancing early diagnosis and individualized risk assess-
ment of AD.

Our primary finding was that in CU individuals, the 
combined plasma p-tau217 and Aβ42/40 model sig-
nificantly improved diagnostic accuracy and model fit 
compared to p-tau217 alone, whereas in CI individu-
als it provided only modest improvements in model fit 
without enhancing AUC. This difference in effective-
ness likely stems from the distinct pathological profiles 
of these groups. Specifically, CI individuals exhibit a 
greater enrichment of tau pathology than CU individuals. 
Although p-tau217 is associated with both Aβ and tau, 
its relationship in CU individuals is predominantly with 
amyloid, whereas in CI individuals—where tau pathology 
is more enriched—it is more closely linked to tau uptake. 
Consequently, in CI individuals, p-tau217 alone is highly 
accurate in identifying amyloid-positive cases, rendering 
the added value of Aβ42/40 minimal. In contrast, in CU 
individuals the sensitivity of p-tau217 for detecting early 
Aβ accumulation may be limited; since Aβ42/40 reflects 
soluble Aβ species that decline prior to Aβ PET positiv-
ity, incorporating it into the model likely enhances early 
Aβ detection.

We identified the optimal AP cutoffs were higher in CI 
than CU individuals, which aligns with our prior findings 
showing that p-tau217 levels are influenced predomi-
nantly by amyloid pathology in CU, and by both amyloid 
and tau pathology in CI [45]. This highlights the poten-
tial need for subgroup-specific thresholds in clinical 
applications.

Indeed, previous studies have indicated that the 
effectiveness of the p-tau217 and Aβ42/40 combina-
tion model is greater in CU individuals than in CI indi-
viduals. In studies focused solely on CI individuals, the 
APS2—derived from the %p-tau217 and Aβ42/40 com-
bination—primarily enhanced model fit relative to the 
%p-tau217-only model, with minimal impact on AUC 
[28]. Conversely, in studies of CU individuals, models 
incorporating both %p-tau217 and Aβ42/40 demon-
strated improved adjusted R² and overall model fit com-
pared to models based exclusively on %p-tau217 [29, 31, 
46]. Furthermore, in a study that separately analyzed CU 
and MCI groups, although direct comparisons were not 
performed, the combined model appeared to be more 
effective in the CU group [30]. Similar findings were 
also observed in another study employing the Fujirebio 
platform, reinforcing the notion that the added value of 
Aβ42/40 is particularly pronounced in the early, cogni-
tively unimpaired stage [47]. These findings underscore 
the stage-dependent diagnostic value of plasma biomark-
ers in AD. Specifically, the enhanced performance of the 
combined model in CU individuals suggests its potential 
utility for early detection and patient stratification, which 
is crucial for timely intervention.

Conversely, GFAP and NfL, which primarily reflect 
neuroinflammation and neurodegeneration, did not sub-
stantially improve Aβ detection in either group. While 
these markers have been associated with AD pathology 
and have shown potential for tracking disease progres-
sion [26, 48–50], their role in early Aβ accumulation 
appears to be limited. In our study, although GFAP and 
NfL contributed modestly to model fit improvements, 
their impact was not as pronounced as that of Aβ42/40, 
particularly in CU individuals. This suggests that while 
GFAP and NfL may provide additional insights into neu-
rodegenerative processes, they do not directly enhance 
the ability to detect Aβ pathology in its earliest stages.

Our final major finding was that in CU individuals, the 
combined model significantly improved diagnostic per-
formance in specific subgroups, particularly older indi-
viduals, females, and APOE4 non-carriers, regardless of 
obesity status, with consistent enhancements in AUC 
and model fit across both the SIMOA and MSD assays. 
These findings suggest that integrating p-tau217 and 
Aβ42/40 may enhance individualized risk assessment in 
CU. In contrast, while younger individuals, males, and 
APOE4 carriers showed a trend toward improved AUC 
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and model fit, these changes did not reach statistical 
significance. Interestingly, in CI individuals, the combi-
nation model did not significantly improve AUC across 
most subgroups, except in males, where a modest but 
significant increase was observed. The reason for this 
sex-specific effect remains unclear, highlighting the need 
for further investigation. These results underscore the 
potential of plasma biomarker combinations for refining 
individualized risk assessment and early detection strat-
egies in AD. Further large-scale studies are needed to 
determine how demographic and genetic factors modu-
late their effectiveness.

Our study has several strengths. It utilized a large, well-
characterized cohort with both plasma biomarker and 
Aβ PET data, enabling development of diagnostic mod-
els and assessment of their generalizability across clini-
cal and demographic strata. The cut-off–based amyloid 
probability score was further validated in an independent 
subset from other centers, supporting its applicability 
across different recruitment sites. However, several limi-
tations should be acknowledged. First, although our over-
all sample size was large, some subgroups defined by age, 
sex, BMI, and APOE ε4 status, especially within the CU 
group, had relatively small sample sizes. Therefore, cau-
tion is warranted when interpreting subgroup-specific 
model improvements, and these findings should be vali-
dated in larger, independent cohorts. Second, although 
findings were consistent across both SIMOA and MSD 
assays, potential platform-specific variability in plasma 
biomarker measurements cannot be entirely excluded. 
Also, although logistic regression was used in this study, 
future work may explore clinically implementable alter-
natives such as decision trees or point-based scoring 
systems. Finally, the use of Aβ PET positivity as the ref-
erence standard may not fully capture the complexity of 
AD pathology, particularly in early stages where tau accu-
mulation and neurodegeneration also play critical roles. 
Despite these limitations, our study provides important 
evidence supporting the complementary role of p-tau217 
and Aβ42/40 in detecting early Aβ pathology, particularly 
in CU individuals. These findings underscore the poten-
tial of integrated plasma biomarker strategies to improve 
the accuracy and efficiency of AD diagnostics in preclini-
cal stages.

In summary, our study demonstrates that combining 
p-tau217 with Aβ42/40 significantly enhances Aβ detec-
tion in CU individuals, improving both diagnostic accu-
racy and model fit, whereas its impact in CI individuals 
is limited to modest model fit improvements. These find-
ings highlight the complementary role of Aβ42/40 in 
capturing early Aβ pathology and suggest that plasma 
biomarker combinations may offer a more sensitive 
approach for detecting preclinical AD.

This work may serve as a foundation for future research 
aimed at developing clinically practical approaches for 
biomarker-based risk assessment.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​1​9​5​-​0​2​5​-​0​1​8​2​6​-​3.

Supplementary Material 1

Acknowledgements
We thank all study participants, their families, and site investigators for their 
invaluable contributions to this study. The data used in this study were 
obtained from the Korea-Registries to Overcome and Accelerate Dementia 
Research (K-ROAD). Eli Lilly kindly enabled the p-tau217-MSD analysis and 
provided review of the final manuscript, but did not provide direct funding 
nor were they involved in data analysis.

Author contributions
H.K. (Heekyoung), D.S., and S.S. conceptualized and designed the study and 
drafted the manuscript. S.Y., D.L.N., S.K., J.Y., M.C., E.L., J.K., and H.K. (Hee Jin) 
acquired the data. H.K. (Heekyoung), D.S., H.Y., J.L., and S.S. contributed to data 
curation and formal analysis.D.S. and S.S. provided critical review and editing 
of the manuscript. Funding was obtained by H.Z., K.B., F.G.O., N.J.A., H.J. and 
S.S. D.S. and S.S. supervised the study. All authors contributed to the final 
manuscript and were involved in the decision to submit it for publication.

Funding
Sang Won Seo was supported by the Korea Dementia Research Project 
through the Korea Dementia Research Center(KDRC), funded by the Ministry 
of Health & Welfare and Ministry of Science and ICT, Republic of Korea (grant 
number: RS-2020-KH106434); the National Research Foundation of Korea(NRF) 
grant funded by the Korea government(MSIT) (RS-2019-NR040057); Institute 
of Information & Communications Technology Planning & Evaluation 
(IITP) grant funded by the Korea government(MSIT) (No.RS-2021-II212068, 
Artificial Intelligence Innovation Hub); Future Medicine 20*30 Project of the 
Samsung Medical Center [#SMX1250081]; the “Korea National Institute of 
Health” research project(2024-ER1003-01); and the Korea Health Technology 
R&D Project through the Korea Health Industry Development Institute 
(KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant 
number: RS-2025-02223212). Henrik Zetterberg is a Wallenberg scholar and 
a distinguished professor at the Swedish Research Council supported by 
grants from the Swedish Research Council (#2023 − 00356, #2022 − 01018, and 
#2019–02397), European Union’s Horizon Europe research and innovation 
program under grant agreement No 101053962, Swedish State Support for 
Clinical Research (#ALFGBG-71320), Alzheimer Drug Discovery Foundation 
(ADDF), USA (#201809–2016862), AD Strategic Fund and the Alzheimer’s 
Association (#ADSF-21-831376-C, #ADSF-21-831381-C, #ADSF-21-831377-C, 
and #ADSF-24-1284328-C), Bluefield Project, Cure Alzheimer’s Fund, Olav Thon 
Foundation, Erling-Persson Family Foundation, Familjen Rönströms Stiftelse, 
Stiftelsen för Gamla Tjänarinnor, Hjärnfonden, Sweden (#FO2022-0270), 
European Union’s Horizon 2020 research and innovation program under the 
Marie Skłodowska-Curie grant agreement No 860197 (MIRIADE), European 
Union Joint Programme– Neurodegenerative Disease Research (JPND2021-
00694), National Institute for Health and Care Research University College 
London Hospitals Biomedical Research Centre, and the UK Dementia Research 
Institute at UCL (UKDRI-1003). Kaj Blennow is supported by the Swedish 
Research Council (#2017 − 00915 and #2022 − 00732), Swedish Alzheimer 
Foundation (#AF-930351, #AF-939721, #AF-968270, and #AF-994551), 
Hjärnfonden, Sweden (#FO2017-0243 and #ALZ2022-0006), Swedish state 
under the agreement between the Swedish government and the County 
Councils, ALF-agreement (#ALFGBG-715986 and #ALFGBG-965240), European 
Union Joint Program for Neurodegenerative Disorders (JPND2019-466-236), 
Alzheimer’s Association 2021 Zenith Award (ZEN-21-848495), Alzheimer’s 
Association 2022–2025 Grant (SG-23-1038904 QC), La Fondation Recherche 
Alzheimer (FRA), Paris, France, Kirsten and Freddy Johansen Foundation, 
Copenhagen, Denmark, and Familjen Rönströms Stiftelse, Stockholm, Sweden. 
The funder of the study had no role in study design, data collection, data 
analysis, data interpretation, or writing of the report.

https://doi.org/10.1186/s13195-025-01826-3
https://doi.org/10.1186/s13195-025-01826-3


Page 10 of 12Kang et al. Alzheimer's Research & Therapy          (2025) 17:184 

K-ROAD was supported by the research grant funded by the Korean Dementia 
Association. (2024-R001).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The institutional review board of Samsung Medical Center (No. 2021-02-135) 
approved this study. All participants provided informed consent to participate 
in the study, and the data were collected in accordance with the Declaration 
of Helsinki.

Consent for publication
Not applicable.

Competing interests
Henrik Zetterberg has served on scientific advisory boards and/or as a 
consultant for Abbvie, Acumen, Alector, Alzinova, ALZPath, Amylyx, Annexon, 
Apellis, Artery Therapeutics, AZTherapies, Cognito Therapeutics, CogRx, Denali, 
Eisai, Merry Life, Nervgen, Novo Nordisk, Optoceutics, Passage Bio, Pinteon 
Therapeutics, Prothena, Red Abbey Labs, reMYND, Roche, Samumed, Siemens 
Healthineers, Triplet Therapeutics, and Wave. He has delivered lectures in 
symposia sponsored by Alzecure, Biogen, Cellectricon, Fujirebio, Lilly, Novo 
Nordisk, and Roche. He is also a co-founder of Brain Biomarker Solutions in 
Gothenburg AB (BBS), which is part of the GU Ventures Incubator Program 
(outside the submitted work). Kaj Blennow has served as a consultant and 
advisory board member for Abbvie, AC Immune, ALZPath, AriBio, BioArctic, 
Biogen, Eisai, Lilly, Moleac Pte. Ltd, Novartis, Ono Pharma, Prothena, Roche 
Diagnostics, and Siemens Healthineers. He has served on data monitoring 
committees for Julius Clinical and Novartis. He has also delivered lectures, 
produced educational materials, and participated in educational programs 
for AC Immune, Biogen, Celdara Medical, Eisai, and Roche Diagnostics. 
Additionally, he is a co-founder of Brain Biomarker Solutions in Gothenburg 
AB (BBS), which is part of the GU Ventures Incubator Program, outside the 
work presented in this paper. All other authors declare no conflicts of interest. 
Theresa A. Day is an employee and minor stockholder of Eli Lilly and Company.

Author details
1Department of Neurology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul  
06351, Republic of Korea
2Alzheimer’s Disease Convergence Research Center, Samsung Medical 
Center, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Republic of Korea
3Department of Psychiatry and Neurochemistry, Institute of Neuroscience 
and Physiology, the Sahlgrenska Academy at the University of 
Gothenburg, Medicinaregatan 3, Göteborg 413 90, Sweden
4Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Blå 
stråket 7, Göteborg 413 45, Sweden
5Department of Neurodegenerative Disease, UCL Institute of Neurology, 
Queen Square, London WC1N 3BG, UK
6UK Dementia Research Institute at UCL, Queen Square,  
London WC1N 3BG, UK
7Hong Kong Center for Neurodegenerative Diseases, Clear Water Bay, 
Hong Kong, P.R. China
8Wisconsin Alzheimer’s Disease Research Center, University of Wisconsin 
School of Medicine and Public Health, University of Wisconsin-Madison, 
600 Highland Ave, Madison, WI 53792, USA
9Paris Brain Institute, ICM, Pitié-Salpêtrière Hospital, Sorbonne University, 
47 Boulevard de l’Hôpital, Paris 75013, France
10Neurodegenerative Disorder Research Center, Division of Life Sciences 
and Medicine, Department of Neurology, Institute on Aging and Brain 
Disorders, University of Science and Technology of China and First 
Affiliated Hospital of USTC, 96 Jinzhai Road, Hefei, Anhui  
230026, P.R. China
11King’s College London, Institute of Psychiatry, Psychology and 
Neuroscience, Maurice Wohl Clinical Neuroscience Institute, De Crespigny 
Park, London SE5 8AF, UK

12NIHR Biomedical Research Centre for Mental Health and Biomedical 
Research Unit for Dementia at South London and Maudsley NHS 
Foundation, De Crespigny Park, Denmark Hill, London SE5 8AZ, UK
13Centre for Age-Related Medicine, Stavanger University Hospital, Gerd- 
Ragna Bloch Thorsens gate 8, Stavanger 4011, Norway
14Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, USA
15Department of Neurology, Korea University Guro Hospital, Korea 
University College of Medicine, 148 Gurodong-ro, Guro-gu, Seoul  
08308, Republic of Korea
16Department of Neurology, Soonchunhyang University Bucheon 
Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon-si, Gyeonggi-do  
14584, Republic of Korea
17Department of Neurology, Yonsei University College of Medicine, 145-1, 
Jayang-ro, Gwangjin-gu, Seoul 05025, Republic of Korea
18Department of Neurology, Yongin Severance Hospital, Yonsei University 
Health System, 225 Geumhak-ro, Cheoin-gu, Yongin-si,  
Gyeonggi-do 17046, Republic of Korea
19Department of Radiology and Imaging Sciences, Indiana University 
School of Medicine, 355 W 16th St, Indianapolis, IN 46202, USA
20Indiana Alzheimer Disease Research Center, Indiana University School of 
Medicine, 355 W 16th St, Indianapolis, IN 46202, USA
21Neuroscience Center, Samsung Medical Center, 81 Irwon-ro, Gangnam- 
gu, Seoul 06351, Republic of Korea
22Department of Digital Health, SAIHST, Sungkyunkwan University, 81 
Irwon-ro, Gangnam-gu, Seoul 06351, Republic of Korea
23Happymind Clinic, 23 Teheran-ro 87-gil, Gangnam-gu, Seoul  
06169, Republic of Korea
24Department of Neurology, Asan Medical Center, University of Ulsan 
College of Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul  
05505, Republic of Korea
25Department of Health Sciences and Technology, SAIHST, 
Sungkyunkwan University, 81 Irwon-ro, Gangnam-gu, Seoul  
06351, Republic of Korea
26Department of Intelligent Precision Healthcare Convergence, 
Sungkyunkwan University, 2066 Seobu-ro, Jangan-gu, Suwon,  
Gyeonggi-do 16419, Republic of Korea

Received: 9 April 2025 / Accepted: 19 July 2025

References
1.	 Hardy J, Selkoe DJ. The amyloid hypothesis of alzheimer’s disease: progress 

and problems on the road to therapeutics. Science. 2002;297:353–6. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​6​​/​s​​c​i​e​n​c​e​.​1​0​7​2​9​9​4.

2.	 Saroja SR, Sharma A, Hof PR, et al. Differential expression of Tau species 
and the association with cognitive decline and synaptic loss in alzheimer’s 
disease. Alzheimers Dement. 2022;18:1602–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​2​
5​1​8.

3.	 Sims JR, Zimmer JA, Evans CD, et al. Donanemab in early symptomatic 
alzheimer disease: the TRAILBLAZER-ALZ 2 randomized clinical trial. JAMA. 
2023;330:512–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​.​2​0​2​3​.​1​3​2​3​9.

4.	 Vlassenko AG, Mintun MA, Xiong C, et al. Amyloid-beta plaque growth in 
cognitively normal adults: longitudinal [11 C]Pittsburgh compound B data. 
Ann Neurol. 2011;70:857–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​n​a​.​2​2​6​0​8.

5.	 Mormino EC, Papp KV. Amyloid accumulation and cognitive decline in clini-
cally normal older individuals: implications for aging and early alzheimer’s 
disease. J Alzheimers Dis. 2018;64:S633–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​J​​A​D​-​1​7​9​9​
2​8.

6.	 Palmqvist S, Zetterberg H, Mattsson N, et al. Detailed comparison of amyloid 
PET and CSF biomarkers for identifying early alzheimer disease. Neurology. 
2015;85:1240–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​W​​N​L​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​1​9​9​1.

7.	 Hansson O, Seibyl J, Stomrud E, et al. 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. Alzheimers 
Dement. 2018;14:1470–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​l​z​.​2​0​1​8​.​0​1​.​0​1​0.

8.	 Michaud TL, Kane RL, McCarten JR, et al. Risk stratification using cerebrospinal 
fluid biomarkers in patients with mild cognitive impairment: an exploratory 
analysis. J Alzheimers Dis. 2015;47:729–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​J​​A​D​-​1​5​0​0​
6​6.

https://doi.org/10.1126/science.1072994
https://doi.org/10.1126/science.1072994
https://doi.org/10.1002/alz.12518
https://doi.org/10.1002/alz.12518
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1002/ana.22608
https://doi.org/10.3233/JAD-179928
https://doi.org/10.3233/JAD-179928
https://doi.org/10.1212/WNL.0000000000001991
https://doi.org/10.1016/j.jalz.2018.01.010
https://doi.org/10.3233/JAD-150066
https://doi.org/10.3233/JAD-150066


Page 11 of 12Kang et al. Alzheimer's Research & Therapy          (2025) 17:184 

9.	 Suarez-Calvet M, Karikari TK, Ashton NJ, et al. Novel Tau biomarkers phos-
phorylated at T181, T217 or T231 rise in the initial stages of the preclinical 
alzheimer’s continuum when only subtle changes in Abeta pathology are 
detected. EMBO Mol Med. 2020;12:e12921. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​2​5​​2​/​​e​m​m​m​.​
2​0​2​0​1​2​9​2​1.

10.	 Nakamura A, Kaneko N, Villemagne VL, et al. High performance plasma 
amyloid-beta biomarkers for alzheimer’s disease. Nature. 2018;554:249–54. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​n​​a​t​u​r​e​2​5​4​5​6.

11.	 Jack CR Jr., Andrews JS, Beach TG, et al. Revised criteria for diagnosis and 
staging of alzheimer’s disease: alzheimer’s association workgroup. Alzheimers 
Dement. 2024;20:5143–69. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​3​8​5​9.

12.	 Barthelemy NR, Salvado G, Schindler SE, et al. Highly accurate blood test for 
alzheimer’s disease is similar or superior to clinical cerebrospinal fluid tests. 
Nat Med. 2024;30:1085–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​1​-​0​2​4​-​0​2​8​6​9​-​z.

13.	 Ashton NJ, Brum WS, Di Molfetta G, et al. Diagnostic accuracy of a plasma 
phosphorylated Tau 217 immunoassay for alzheimer disease pathology. 
JAMA Neurol. 2024;81:255–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​u​​r​o​l​.​​2​0​​2​3​.​5​3​1​9.

14.	 Dyer AH, Dolphin H, O’Connor A, et al. Performance of plasma p-tau217 for 
the detection of amyloid-β positivity in a memory clinic cohort using an 
electrochemiluminescence immunoassay. Alzheimers Res Ther. 2024;16:186. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​1​9​5​-​0​2​4​-​0​1​5​5​5​-​z.

15.	 Martínez-Dubarbie F, Guerra-Ruiz A, López-García S, et al. Diagnostic accuracy 
of plasma p-tau217 for detecting pathological cerebrospinal fluid changes 
in cognitively unimpaired subjects using the lumipulse platform. J Prev 
Alzheimers Dis. 2024;11:1581–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​4​2​8​​3​/​​j​p​a​d​.​2​0​2​4​.​1​5​2.

16.	 Therriault J, et al. Comparison of two plasma p-tau217 assays to detect and 
monitor alzheimer’s pathology. eBioMedicine. 2024;102:105046.

17.	 Ashton NJ, Janelidze S, Mattsson-Carlgren N, et al. Differential roles of 
Aβ42/40, p-tau231 and p-tau217 for alzheimer’s trial selection and disease 
monitoring. Nat Med. 2022;28:2555–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​1​-​0​2​
2​-​0​2​0​7​4​-​w.

18.	 Pérez-Grijalba V, Romero J, Pesini P, et al. Plasma Aβ42/40 ratio detects early 
stages of alzheimer’s disease and correlates with CSF and neuroimaging 
biomarkers in the AB255 study. J Prev Alzheimers Dis. 2019;6:34–41. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​4​2​8​​3​/​​j​p​a​d​.​2​0​1​8​.​4​1.

19.	 Xu C, Zhao L, Dong C. A review of application of Aβ42/40 ratio in diagnosis 
and prognosis of alzheimer’s disease. J Alzheimers Dis. 2022;90:495–512. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​J​​A​D​-​2​2​0​6​7​3.

20.	 Bridel C, et al. Diagnostic value of cerebrospinal fluid neurofilament light 
protein in neurology: a systematic review and meta-analysis. JAMA Neurol. 
2019;76:1035–48.

21.	 Jang H, et al. Differential roles of alzheimer’s disease plasma biomark-
ers in Stepwise biomarker-guided diagnostics. Alzheimers Dement. 
2025;21:e14526.

22.	 Peretti DE, Boccalini C, Ribaldi F, et al. Association of glial fibrillary acidic 
protein, alzheimer’s disease pathology, and cognitive decline. Brain. 
2024;147:4094–104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​b​​r​a​i​n​/​a​w​a​e​2​1​1.

23.	 Benedet AL, Milà-Alomà M, Vrillon A, et al. Differences between plasma and 
cerebrospinal fluid glial fibrillary acidic protein levels across the alzheimer 
disease continuum. JAMA Neurol. 2021;78:1471–83.

24.	 Mazzeo S, Ingannato A, Giacomucci G, et al. The role of plasma neurofilament 
light chain and glial fibrillary acidic protein in subjective cognitive decline 
and mild cognitive impairment. Neurol Sci. 2024;45:1031–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​0​7​​/​s​​1​0​0​7​2​-​0​2​3​-​0​7​0​6​5​-​4.

25.	 Mattsson N, Andreasson U, Zetterberg H, Blennow K. Association of plasma 
neurofilament light with neurodegeneration in patients with alzheimer 
disease. JAMA Neurol. 2017;74:557–66.

26.	 Mattsson N, Cullen NC, Andreasson U, et al. Association between longitu-
dinal plasma neurofilament light and neurodegeneration in patients with 
alzheimer disease. JAMA Neurol. 2019;76:791–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​
n​e​u​​r​o​l​.​​2​0​​1​9​.​0​7​6​5.

27.	 Schindler SE, Petersen KK, Saef B, et al. Head-to-head comparison of lead-
ing blood tests for alzheimer’s disease pathology. Alzheimers Dement. 
2024;20:8074–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​4​3​1​5.

28.	 Meyer MR, Kirmess KM, Eastwood S, et al. Clinical validation of the Preciv-
ityAD2 blood test: a mass spectrometry-based test with algorithm combin-
ing %p-tau217 and Aβ42/40 ratio to identify presence of brain amyloid. 
Alzheimers Dement. 2024;20:3179–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​3​7​6​4.

29.	 Janelidze S, Barthélemy NR, Salvadó G, et al. Plasma phosphorylated Tau 
217 and Aβ42/40 to predict early brain Aβ accumulation in people without 

cognitive impairment. JAMA Neurol. 2024;81:947–57. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​
/​j​​a​m​a​​n​e​u​​r​o​l​.​​2​0​​2​4​.​2​6​1​9.

30.	 Janelidze S, Palmqvist S, Leuzy A, et al. Detecting amyloid positivity in early 
alzheimer’s disease using combinations of plasma Aβ42/Aβ40 and p-tau. 
Alzheimers Dement. 2022;18:283–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​2​3​9​5.

31.	 Rissman RA, Langford O, Raman R, et al. Plasma Aβ42/Aβ40 and phospho-
tau217 concentration ratios increase the accuracy of amyloid PET classifica-
tion in preclinical alzheimer’s disease. Alzheimers Dement. 2024;20:1214–24. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​3​5​4​2.

32.	 Rissman RA, Donohue MC, Langford O, et al. Longitudinal phospho-tau217 
predicts amyloid positron emission tomography in asymptomatic alzheimer’s 
disease. J Prev Alzheimers Dis. 2024;11:823–30.

33.	 Fang T, Dai Y, Hu X, et al. Evaluation of serum neurofilament light chain and 
glial fibrillary acidic protein in the diagnosis of alzheimer’s disease. Front 
Neurol. 2024;15:1320653. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​e​u​r​.​2​0​2​4​.​1​3​2​0​6​5​3.

34.	 Kivisäkk P, Carlyle BC, Sweeney T, et al. Plasma biomarkers for diagnosis of 
alzheimer’s disease and prediction of cognitive decline in individuals with 
mild cognitive impairment. Front Neurol. 2023;14:1069411. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​​3​3​8​9​​/​f​​n​e​u​r​.​2​0​2​3​.​1​0​6​9​4​1​1.

35.	 Pichet Binette A, Janelidze S, Cullen N, et al. Confounding factors of alzheim-
er’s disease plasma biomarkers and their impact on clinical performance. 
Alzheimers Dement. 2023;19:1403–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​2​7​8​7.

36.	 Lee EH, Kang SH, Shin D et al. Plasma Alzheimer’s disease biomarker vari-
ability: amyloid-independent and amyloid-dependent factors. Alzheimers 
Dement. 2024;:. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​l​z​.​1​4​3​6​8

37.	 Chun MY, Jang H, Kim HJ, et al. Contribution of clinical information to the 
predictive performance of plasma beta-amyloid levels for amyloid positron 
emission tomography positivity. Front Aging Neurosci. 2023;15:1126799. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​a​g​i​.​2​0​2​3​.​1​1​2​6​7​9​9.

38.	 Jang H, Shin D, Kim Y, et al. Korea-Registries to overcome dementia and 
accelerate dementia research (K-ROAD): a cohort for dementia research and 
ethnic-specific insights. Dement Neurocogn Disord. 2024;23:212–23. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​7​7​​9​/​​d​n​d​.​2​0​2​4​.​2​3​.​4​.​2​1​2.

39.	 Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive 
impairment due to alzheimer’s disease: recommendations from the National 
Institute on Aging-Alzheimer’s association workgroups on diagnostic guide-
lines for alzheimer’s disease. Alzheimers Dement. 2011;7(3):270–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​l​z​.​2​0​1​1​.​0​3​.​0​0​8.

40.	 Kim J, Jahng S, Kim S, et al. A comparison of item characteristics and test 
information between the K-MMSE ~ 2:SV and K-MMSE. Dement Neurocogn 
Disord. 2024;23(3):117–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​7​7​​9​/​​d​n​d​.​2​0​2​4​.​2​3​.​3​.​1​1​7.

41.	 Ryu HJ, Yang DW. The Seoul neuropsychological screening battery (SNSB) for 
comprehensive neuropsychological assessment. Dement Neurocogn Disord. 
2023;22(1):1–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​7​7​​9​/​​d​n​d​.​2​0​2​3​.​2​2​.​1​.​1.

42.	 Cho SH, et al. A new centiloid method for (18)F-florbetaben and (18)
F-flutemetamol PET without conversion to PiB. Eur J Nucl Med Mol Imaging. 
2020;47:1938–48.

43.	 Bischof GN, et al. Subthreshold amyloid and its biological and clinical mean-
ing. Neurology. 2019;93:72–9.

44.	 Amadoru S, et al. Comparison of amyloid PET measured in centiloid units 
with neuropathological findings in alzheimer’s disease. Alzheimers Res Ther. 
2020;12:22.

45.	 Ahn J, Lee EH, Yoo H, et al. Tailoring thresholds for interpreting plasma 
p-tau217 levels. J Neurol Neurosurg Psychiatry. 2025 May;24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​0​2​5​-​3​3​5​8​3​0.

46.	 Niimi Y, Janelidze S, Sato K, et al. Combining plasma Aβ and p-tau217 
improves detection of brain amyloid in non-demented elderly. Alzheimers 
Res Ther. 2024;16:115. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​1​9​5​-​0​2​4​-​0​1​4​6​9​-​w.

47.	 De Simone FI et al. Clinical performance of the Lumipulse G pTau 
217/β-amyloid 1–42 plasma ratio. Presented at the 17th Clinical Trials on 
Alzheimer’s Disease Congress, Madrid, Spain, 2024.

48.	 Verberk IMW, Laarhuis MB, van den Bosch KA, et al. Serum markers glial fibril-
lary acidic protein and neurofilament light for prognosis and monitoring in 
cognitively normal older people: a prospective memory clinic-based cohort 
study. Lancet Healthy Longev. 2021;2:e87–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​2​6​6​
6​-​7​5​6​8​(​2​0​)​3​0​0​6​1​-​1.

49.	 Mattsson N, Andreasson U, Zetterberg H, Blennow K, Alzheimer’s Disease 
Neuroimaging Initiative. Association of plasma neurofilament light with 
neurodegeneration in patients with alzheimer disease. JAMA Neurol. 
2017;74:557–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​u​​r​o​l​.​​2​0​​1​6​.​6​1​1​7.

https://doi.org/10.15252/emmm.202012921
https://doi.org/10.15252/emmm.202012921
https://doi.org/10.1038/nature25456
https://doi.org/10.1038/nature25456
https://doi.org/10.1002/alz.13859
https://doi.org/10.1038/s41591-024-02869-z
https://doi.org/10.1001/jamaneurol.2023.5319
https://doi.org/10.1186/s13195-024-01555-z
https://doi.org/10.1186/s13195-024-01555-z
https://doi.org/10.14283/jpad.2024.152
https://doi.org/10.1038/s41591-022-02074-w
https://doi.org/10.1038/s41591-022-02074-w
https://doi.org/10.14283/jpad.2018.41
https://doi.org/10.14283/jpad.2018.41
https://doi.org/10.3233/JAD-220673
https://doi.org/10.3233/JAD-220673
https://doi.org/10.1093/brain/awae211
https://doi.org/10.1007/s10072-023-07065-4
https://doi.org/10.1007/s10072-023-07065-4
https://doi.org/10.1001/jamaneurol.2019.0765
https://doi.org/10.1001/jamaneurol.2019.0765
https://doi.org/10.1002/alz.14315
https://doi.org/10.1002/alz.13764
https://doi.org/10.1001/jamaneurol.2024.2619
https://doi.org/10.1001/jamaneurol.2024.2619
https://doi.org/10.1002/alz.12395
https://doi.org/10.1002/alz.13542
https://doi.org/10.1002/alz.13542
https://doi.org/10.3389/fneur.2024.1320653
https://doi.org/10.3389/fneur.2023.1069411
https://doi.org/10.3389/fneur.2023.1069411
https://doi.org/10.1002/alz.12787
https://doi.org/10.1002/alz.14368
https://doi.org/10.3389/fnagi.2023.1126799
https://doi.org/10.3389/fnagi.2023.1126799
https://doi.org/10.12779/dnd.2024.23.4.212
https://doi.org/10.12779/dnd.2024.23.4.212
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.12779/dnd.2024.23.3.117
https://doi.org/10.12779/dnd.2023.22.1.1
https://doi.org/10.1136/jnnp-2025-335830
https://doi.org/10.1136/jnnp-2025-335830
https://doi.org/10.1186/s13195-024-01469-w
https://doi.org/10.1016/S2666-7568(20)30061-1
https://doi.org/10.1016/S2666-7568(20)30061-1
https://doi.org/10.1001/jamaneurol.2016.6117


Page 12 of 12Kang et al. Alzheimer's Research & Therapy          (2025) 17:184 

50.	 Contador J, Suárez-Calvet M. Blood-based biomarkers in the oldest old: 
towards alzheimer’s disease detection in primary care. Lancet Reg Health Eur. 
2024;45:101077. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​​.​l​a​n​​​e​p​e​​.​​​2​0​2​4​.​1​0​1​0​7​7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.lanepe.2024.101077

	﻿Plasma phosphorylated tau 217 and amyloid‑﻿β﻿ 42/40 for amyloid risk in subgroups
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Brain magnetic resonance imaging acquisition
	﻿A﻿β﻿ PET imaging acquisition and quantification using RdcCL methods
	﻿Plasma collection and processing
	﻿Stratification by potential influencing factors affecting plasma p-tau217 level
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the study population
	﻿Development of plasma biomarker models in the SMC cohort
	﻿Validation of plasma biomarker models in the independent cohort
	﻿Plasma p-tau217 and A﻿β﻿42/40 combination across subgroups

	﻿Discussion
	﻿References


