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Abstract

Background Early detection of amyloid-p (AP) pathology is critical for timely intervention in Alzheimer’s dis-
ease (AD). Changes in plasma AB42/AB40 levels appear early in the AD continuum, but whether they precede
amyloid deposition detected by AB-PET requires further research.

Methods Data from 164 AB-PET negative (AB-PET(—)<13.5 CL) individuals with subjective cognitive decline
(SCD) from the Fundacié ACE Healthy Brain Initiative (FACEHBI) study were included. Baseline plasma A42/
AB40 levels were quantified using mass spectrometry, and participants were classified as plasma AB(+) or AB(—)
using a threshold of 0.241. Participants underwent florbetaben PET at baseline and 2, 5, and 8 years, with annual
clinical assessments. Rates of brain amyloid accumulation (Centiloids, CL) and progression to AB-PET positive
(AB-PET(+)) or mild cognitive impairment (MCI) due to AD (incident MCI with concomitant AB-PET(+)) were
analyzed according to plasma AP status for two conversion thresholds: 22 CL and 13.5 CL.

Results Plasma AB(+) participants (n=34) at baseline exhibited faster amyloid accumulation than AB(—) indi-
viduals (n=130) (B=1.99, 95% CI 1.12-2.86; p<0.001), despite no significant differences in baseline CL values.
At the 22 CL threshold for AB-PET(+) conversion, significant group differences were observed in time to event
(p=0.003 for AB-PET(+); p=0.002 for MCI due to AD). Plasma AB(+) status was associated with higher risk
of conversion to AB-PET(+) (Hazard ratio (HR): 6.86, 95% CI 2.45-19.20, p<0.001) and MCI due to AD (HR
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9.50, 1.98-45.65, p=0.005). Findings were consistent for the 13.5 CL threshold (p=0.015 and 0.014; HR 3.93,
1.69-9.11, p=0.001 and HR 7.11, 1.67-30.29, p=0.008, respectively).

Conclusion In a population of SCD AB-PET(—) participants, plasma AB42/AB40 identified individuals with
emerging amyloid pathology, supporting that plasma alterations may precede PET-detectable cortical deposition.
Plasma AB(+)/AB-PET(-) individuals showed increased risk of subsequent amyloid accumulation and clinical
progression, consistent with an early amyloid transitional stage not yet fully captured by PET. These findings
highlight the potential of plasma AB42/AB40 as a first-step screening tool for clinical trial enrichment with impor-
tant implications for primary prevention trials.

Keywords Alzheimer’s disease - Amyloid-f - AB42/AB40 ratio - Blood biomarkers - Plasma - PET - Mass
spectrometry - Subjective cognitive decline - FACEHBI - Primary prevention trials

Abbreviations

AP Amyloid-f

AD Alzheimer’s disease

APOE Apolipoprotein E

AUC Area Under the ROC Curve

CI Confidence interval

CL Centiloid

CSF Cerebrospinal fluid

CU Cognitively unimpaired
FACEHBI Fundaci6 ACE Healthy Brain Initiative
FBB I8F_Florbetaben

HR Hazard ratio

LMEM Linear mixed-effects model
MCI Mild cognitive impairment
MMSE Mini-Mental State Examination
MRI Magnetic resonance imaging
MS Mass spectrometry

NPV Negative predictive value

p-tau Phosphorylated tau

PET Positron emission tomography
PPV Positive predictive value

ROC Receiver Operating Characteristic
SCD Subjective cognitive decline

SUVR Standard uptake value ratio

Background

Alzheimer’s disease (AD) is characterized by a prolonged preclinical phase during which pathological processes
develop silently for years before the onset of overt cognitive symptoms [1]. Within this continuum, amyloid-f
(AP) accumulation represents one of the earliest detectable biological alterations, preceding tau pathology, neu-
rodegeneration, and clinical impairment [2, 3]. Identifying individuals in these very early stages, when the first
pathophysiological changes are emerging, has become a central objective in the field, as therapeutic strategies are
likely to be most effective early in the disease course [4—6]. Achieving this goal may require identifying cogni-
tively unimpaired (CU) individuals with minimal or undetectable cortical amyloid burden in vivo who are at risk
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of progression [7-9]. In this context, blood-based biomarkers have emerged as promising and accessible tools,
offering practical advantages over more invasive and costly approaches such as lumbar puncture or positron
emission tomography (PET).

Recent advances in ultrasensitive analytical platforms have enabled the rapid development of plasma biomark-
ers with high analytical performance. Among them, the plasma APB42/AB40 ratio is a well-established indicator
of cerebral amyloid pathology in CU individuals [10-14], and it is considered one of the earliest biomarkers to
become abnormal along the AD continuum [15, 16]. While previous studies were challenged by analytical vari-
ability and overlapping AB42/AB40 values between groups [17], improvements in assay standardization and the
development of high-performance immunoassays [18, 19] and mass spectrometry (MS)—-based methods [20—22]
have substantially enhanced their precision and reliability. As a result, improved analytical performance, together
with evidence that plasma AP42/AB40 levels change very early in the disease course, has positioned this bio-
marker as a reliable peripheral measure of amyloid pathology and a promising tool for identifying individuals at
increased risk of progression at the earliest preclinical stages.

An important unsolved question concerns the interpretation of individuals who test positive for plasma AB42/
AP40 while remaining negative on AB-PET, the imaging reference standard for cortical amyloid burden. Such
cases are frequently labeled “false positives”, contributing to modest positive predictive values (PPV) in cross-
sectional studies [8]. However, it remains unclear whether this apparent discordance truly reflects misclassifi-
cation or instead captures a transitional biological stage in which amyloid-related alterations are detectable in
peripheral fluids before reaching the threshold of cortical deposition measurable by AB-PET. While studies com-
paring cerebrospinal fluid (CSF) and PET have demonstrated that CSF biomarkers may precede PET positivity
[23, 24], evidence supporting a similar temporal sequence for plasma biomarkers remains limited.

Longitudinal studies, such as our previous work [25] and others, have shown that CU individuals, including
those with subjective cognitive decline (SCD), with low plasma AB42/AB40 levels are at increased risk of future
conversion to AB-PET (+) [12, 26, 27]. They are also at a higher risk of clinical progression to mild cognitive
impairment (MCI) and AD dementia [28, 29]. Nevertheless, the extent to which plasma AB42/AB40 may reflect
incipient biological risk in AB-PET—negative (AB-PET(-)) individuals requires further research.

In the present study, we followed the Fundacié ACE Healthy Brain Initiative (FACEHBI) cohort of individuals
with SCD for up to eight years and focused on participants with baseline AB-PET(-), defined as<13.5 Centiloids
(CL), an early amyloid deposition threshold. We examined whether baseline plasma AB42/AB40 was associated
with subsequent abnormal cortical amyloid accumulation. In addition, we assessed whether plasma Ap42/AB40
positivity conferred an increased risk of conversion to AB-PET(+), all-cause MCI, and MCI due to AD (MCI
together with AB-PET(+)). Finally, we explored the potential implications of initial plasma AB42/AB40 assess-
ment for optimizing participant stratification in preventive and early-intervention clinical trials.

Methods
Participants

This study included 200 Caucasian SCD participants initially enrolled in the FACEHBI cohort, an 8-year lon-
gitudinal, single-center, prospective observational study conducted at Ace Alzheimer Center Barcelona (Spain).
Participants underwent annual blood collection and comprehensive neurological and neuropsychological assess-
ments, including clinical diagnosis of SCD or MCI. Additionally, at baseline (V0) and at 2-year (V2), 5-year
(V5), and 8-year (V8) follow-up visits, '3F-florbetaben (FBB)-PET scans were performed to assess cortical amy-
loid burden. Written informed consent was obtained from all participants, and the study protocol was approved
by the Ethics Committee of Hospital Clinic i Provincial (Barcelona, Spain) (EudraCT: 2014—000798-38). A more
detailed description of the study design has been published elsewhere, including inclusion and exclusion criteria
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[30], the study procedures [13], and the criteria used for the diagnosis of SCD and MCI (Supplementary Informa-
tion—Diagnosis criteria for SCD and MCI section).

'8F-Florbetaben positron emission tomography (FBB-PET)

Details on FBB-PET acquisition have been previously described [13]. Briefly, participants received a single intra-
venous 300 Mbq dose of the FBB radiotracer (NeuraCeq®). The standard uptake value ratio (SUVR) values were
derived using the average uptake in magnetic resonance imaging (MRI)-defined cortical regions, normalized to
the cerebellum. CL values were calculated following established published procedures [31].

Definition of AB-PET thresholds

Participants were classified as AB-PET(—) at baseline if cortical amyloid burden was<13.5CL, a threshold pro-
posed as a marker of early amyloid accumulation during the preclinical stages of AD [32]. To define conversion
to AB-PET(+), two thresholds were considered: 22 CL was employed to define a more advanced amyloid deposi-
tion, whereas a threshold of 13.5 CL was used to capture conversion at the earliest stages of amyloid deposition.
The cutoff of 22 CL has been widely used in the literature to define abnormal amyloid levels [9, 33].

Plasma analysis

Baseline plasma levels of AB40 and AB42 were quantified using ABtest-MS (Araclon Biotech, Zaragoza, Spain).
This approach relies on an antibody-free method based on high-performance liquid chromatography combined
with differential mobility spectrometry and triple quadrupole mass spectrometry (HPLC-DMS-MS/MS). Briefly,
analytes were extracted directly from plasma, as no immunoprecipitation step was applied. Because enzymatic
digestion was not required, measurements corresponded to the intact AB40 and AB42 peptides. Deuterated inter-
nal standards (*H-AB40 and 2H-AB42; Bachem AG, Bubendorf, Switzerland) were added to all samples, and the
response ratios for the endogenous peptides (*N-Ap40/°H-AB40 and '“N-AB42/°H-AB42) were determined by
interpolation against the calibration curves. Additional methodological details, including analytical workflow,
instrument settings, and data on sensitivity, parallelism, accuracy, and precision, are available in the published
literature [13].

Statistical analyses

All statistical analyses and data visualization were performed using GraphPad Prism (v5.03; GraphPad Software,
San Diego, CA, USA), SPSS (v18; IBM, Armonk, NY, USA), and R (v4.4.2). Statistical significance was defined
as a two-sided p-value <0.05.

Receiver operating characteristic (ROC) analysis was previously conducted [13] in the whole baseline sam-
ple (n=200) to determine the plasma AB42/AB40 threshold that best discriminated AB-PET status at baseline,
according to the 13.5 CL cutoff. The plasma threshold corresponding to the maximum Youden index, 0.241, was
then selected to classify individuals as plasma AB42/AB40 negative (“plasma AB(-)”, AB42/Ap40>0.241) or
positive (“plasma AB(+)”, AB42/AB40<0.241).

In the present study, analyses were focused on the AB-PET(—) group of this cohort. Within this subgroup, indi-
viduals classified as plasma AB(—) were considered concordant cases, while those classified as plasma AB(+) were
considered discordant cases. Comparisons between both groups, including baseline characteristics and conver-
sion rates, were conducted using Chi-square or Fisher’s exact tests for categorical variables and Mann—Whitney
U test for continuous variables.

Multiple linear regression analyses were performed to assess whether baseline plasma A42/AB40 levels and
baseline AB-PET burden were associated with subsequent amyloid accumulation. These analyses were repeated
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in subsets of participants classified as AB-PET(—) using progressively higher CL thresholds (<5,<10,<13.5,<22,
and<30 CL). Three models were fitted for each threshold: Model 1 included baseline AB-PET (CL) as the main
predictor; Model 2 included baseline plasma AB42/AB40; and Model 3 included both biomarkers. All models
were adjusted for age, sex, and APOE &4 carrier status (dichotomized as carriers or non-carriers). Interaction
terms between baseline CL and plasma AB42/AB40 were initially included in Model 3. However, these interac-
tion terms were not statistically significant across all PET thresholds and were therefore excluded from the final
models.

To examine whether baseline plasma A status was associated with longitudinal trajectories of AB-PET, linear
mixed-effects models (LMEMs) were fitted. These models included subject-specific random intercepts and ran-
dom slopes for time, allowing individual trajectories to vary in both baseline levels and rates of change. Fixed
effects included age, sex, APOE &4 carrier status, baseline AB-PET (CL) levels, plasma AP group, time, and the
plasma A group x time interaction. Time was included in the models as a continuous variable representing the
exact elapsed time (in years) since baseline. The interaction term’s § coefficient, 95% confidence intervals (CI),
and p-value were reported. A compound symmetry covariance structure was used for the repeated measure.
Despite the fact that amyloid accumulation is intrinsically non-linear, within this relatively narrow CL range,
a linear approximation was chosen to characterize longitudinal amyloid accumulation. This approach provides
easily interpretable slope values and a good explanation of the observed trajectories, enabling a parsimonious
description of change over time.

Kaplan—Meier survival analyses were carried out to describe time to conversion to AB-PET(+), all-cause MCI,
or MCI due to AD according to baseline plasma status, and differences between groups were assessed using the
log-rank test. All survival analyses were performed separately using the two predefined thresholds for AB-PET
conversion (22 CL and 13.5 CL). In the case of conversion to MCI due to AD, the event time was defined as the
later of the two events: either the date of MCI diagnosis or the date of conversion to AB-PET(+). Cox proportional
hazards models were used to compare conversion risk between groups. Models were fitted both unadjusted and
adjusted for age, sex, APOE &4 carrier status, and baseline AB-PET (CL) levels. Initially, Cox models were fitted,
including an interaction term between plasma AB42/AB40 group and baseline AB-PET burden to assess potential
effect modification by baseline amyloid levels. However, this covariate did not reach statistical significance, and
it was not retained in the final models. The proportional hazards assumption was assessed using Schoenfeld resid-
uals and visually evaluated using log-minus-log plots. Finally, to assess the robustness of interval estimates, 95%
CIs for the hazard ratios (HR) were derived from 1,000 non-parametric bootstrap iterations of the Cox models.

Results

Study population

Based on the AB-PET threshold of 13.5 CL, 164 of the 200 FACEHBI participants were AB-PET(—) and consti-
tuted the study population. Within this group, 130 individuals (79.3%) were classified as plasma AB(—) (Ap42/
AP40>0.241), whereas 34 (20.7%) were classified as plasma AB(+) (AP42/Ap40<0.241).

Compared with the plasma AB(—) group, plasma AP(+) participants included a lower proportion of women
(52.9% vs. 70.8%; p=0.049) and were slightly older (median [Q1-Q3]: 67.5 [61.8-72.5] vs. 64.0 [60.0-69.0]
years; p=0.051), with differences of borderline statistical significance. As expected, given the group definition,
plasma AP(+) participants had significantly lower plasma AB42 levels (62.3 [55.9-68.8] vs. 71.9 [65.6-78.7] pg/
mL; p<0.0001) and AP42/AB40 ratios (0.226 [0.217-0.235] vs. 0.268 [0.257-0.284]; p<0.0001). Importantly,
baseline cerebral amyloid burden, as measured by AB-PET, did not differ between plasma groups (p=0.094). The
two groups were otherwise well balanced with respect to APOE &4 carrier status, educational level, global cogni-
tive performance (Mini-Mental State Examination, MMSE), and duration of the follow-up (Table 1).
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Table 1 Baseline characteristics of the AB-PET(-) (<13.5 CL) study population

All participants Plasma AB(-) Plasma AB(+) p-valuef
(AB-PET(-), n=164) (n=130)* (n=34)*

Demographics

Age, years 66.0 [60.0—69.8] 64.0 [60.0—69.0] 67.5 [61.8—72.5] 0.051

Female, n (%) 110 (67.0) 92 (70.8) 18 (52.9) 0.049
APOE &4, n (%) 0.129

Non-carrier 131 (79.9) 107 (82.3) 24 (70.6)

Carrier 33 (20.1) 23 (17.7) 10 (29.4)

Education, years 15.0 [12.0—18.0] 15.0 [12.0—18.0] 15.5[10.8—18.5] 0.893
Neuroimaging

AB-PET, CL —3.73 [-7.97—1.70] —4.08 [-8.23—1.50] —2.14[-6.16—5.07] 0.094
Plasma biomarkers

Plasma AB40, pg/mL 269.26 [243.7—294.2] 266.9 [242.3—291.2] 283.2 [251.5-301.1] 0.096

Plasma AB42, pg/mL 70.3 [63.1—77.4] 71.9 [65.6—78.7] 62.3 [55.9—68.8] <0.0001

Plasma AB42/AB40 0.261 [0.244—0.279] 0.268 [0.257—0.284] 0.226 [0.217—0.235] <0.0001
Global cognition

MMSE, score 29.0 [29.0—30.0] 29.0 [29.0—30.0] 29.0 [29.0—30.0] 0.836
Follow-up

Follow-up duration?, years 8.01[4.10—8.13] 8.01[4.17—8.13] 8.02 [3.35—8.13] 0.703

Attrition, n (%) 69 (42.1) 53 (40.8) 16 (47.1) 0.508

Data are median [Q1-Q3] values, except for the variables “female” and “APOE”, which are the number of cases (%)

Abbreviations: APOE apolipoprotein E, A amyloid-beta, PET positron emission tomography, CL centiloid, MMSE Mini-Mental State Exami-
nation

*: Plasma AP(-) and Plasma AB(+) were defined using a cutoff of AB42/AB40>0.241 and <0.241, respectively

T: Differences between groups (plasma AB(-) vs. plasma AB(+)) were tested using the Mann-Whitney U test, Chi-square tests or Fisher’s exact
test, as appropriate. Significant p-values (<0.05) are highlighted in bold

f: Only cases with at least one follow-up visit were included: n=158 in the “All population” group; n= 126 in the plasma AB(-) group; n=32 in
the plasma AB(+)

During the 8-year follow-up, 69 of the 164 participants (42.1%) defined as AB-PET(—) at baseline discontinued
the study. The reasons for participant withdrawal are provided in Supplementary Table 1. The number of dropouts
per visit was as follows: V1: 6; V2: 5; V3: 22; V4: 6, V5: 10; V6: 13; V7: 4 and V8: 3. Among the 164 partici-
pants, 49% (81/164) underwent up to four AB-PET assessments, with an additional 21 (13%) having three scans,
37 (23%) two scans, and 25 (15%) only the baseline scan (withdrawals).

Association of baseline AB-PET and plasma ApB42/AB40 with longitudinal cortical amyloid
accumulation across different negative thresholds

Multiple linear regression analyses were performed across AB-PET(—) populations defined by progressively
higher CL thresholds, to examine the association between baseline biomarkers and subsequent amyloid accu-
mulation (Table 2). Baseline AB-PET levels were not significantly associated with amyloid accumulation in the
lowest CL ranges (<5 and<10 CL). Coeflicients became significant only when the assessed thresholds included
higher baseline CL values (Table 2, Model 1). In contrast, baseline plasma AB42/AB40 levels were consistently
associated with amyloid accumulation across all CL thresholds, including those with minimal baseline amyloid
burden (<5 and<10 CL) (Table 2, Model 2). When both biomarkers were included simultaneously in the model
(Table 2, Model 3), plasma AB42/AP40 remained independently associated with amyloid accumulation across
thresholds, whereas the association with baseline AB-PET was again restricted to populations including higher
baseline CL levels (13.5 CL or higher). A visualization of the standardized regression coefficients across the dif-
ferent CL thresholds is provided in Supplementary Fig. 1.
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Association of baseline AB42/AB40 status with longitudinal AB-PET deposition

LMEM were used to examine whether baseline plasma APB42/AB40 status was associated with longitudinal
changes in cerebral amyloid burden over the 8-year follow-up. AB-PET burden increased over time in plasma
APB(-) individuals at a rate of 1.16 CL/year (95% CI 0.78—-1.54; p<0.001). Plasma AB(+) individuals showed a
significantly steeper rate of amyloid accumulation compared with plasma AB(—) individuals (interaction p=1.99,
95% CI 1.12-2.86; p<0.001), corresponding to an estimated annual increase of approximately 3.13 CL/year

(Fig. 1).
Conversion to AB-PET(+) and to MCl due to AD

The proportional hazards assumption was met for models evaluating conversion to AB-PET(+) and to MCI due to
AD, as indicated by non-significant Schoenfeld residual tests and approximately parallel log-minus-log survival
curves. Conversions were assessed using two different amyloid positivity thresholds:

Conservative amyloid threshold

When conversion to AB-PET(+) was evaluated using a conservative amyloid threshold of 22 CL, 21 individu-
als converted during the follow-up. Among them, a higher proportion of converters was observed in the plasma
APB(+) group (9/34, 26.5%) compared with the plasma AB(—) group (12/130, 9.2%; p=0.007). Kaplan—Meier
curves showed significant differences between groups (log-rank p=0.003) (Fig. 2A). In addition, Cox regres-
sion models indicated an increased risk of conversion to AB-PET(+) in plasma AB(+) participants (unadjusted
HR=3.46, 95% CI 1.45-8.23, p=0.005), which remained significant after adjustment for covariates (HR=6.86,
95% CI12.45-19.20, p<0.001). Bootstrap analyses under the 22 CL threshold yielded 95% ClIs (2.91-51.4) con-
sistent with the primary Cox estimates.

Plasma AP(+) participants also showed a higher frequency of conversion to MCI due to AD (5/34, 14.7%
vs. 3/130, 2.3%; p=0.007) and a significantly higher cumulative probability of conversion over time (log-rank
p=0.002; Fig. 2B). Moreover, positive baseline plasma Ap42/AB40 status was associated with an increased risk
of conversion during follow-up (unadjusted HR=7.21, 95% CI 1.72-30.18, p=0.007), independent of age, sex,
APOE &4 status, and baseline AB-PET burden (adjusted HR=9.50, 95% CI 1.98-45.65, p=0.005). In this case,

Fig. 1 Longitudinal trajectories Predicted CL accumulation over time
of AB-PET burden according 304
to baseline plasma AB42/AB40
status. Predicted Centiloid (CL)
values over time (years) derived
from linear mixed-effects models
are shown for plasma AB(—) and
plasma AB(+) groups. Solid lines
represent model-estimated mean
trajectories, and shaded areas indi-
cate 95% confidence intervals

N
o

-
o

= Plasma AB(-)
= Plasma ABé+)

o

Predicted Centiloid (mean + 95% ClI)

0 1 2 3 4 5 6 7 8 9
Time (years)
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A Conversion to AB-PET(+): 22 CL B Conversion to MCI due to AD: 22 CL
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Fig. 2 Kaplan—Meier curves for conversion to AB-PET(+) and MCI due to AD. Curves show the fraction of participants
remaining AB-PET(-) (A and C) or remaining SCD and AB-PET(-) (B and D) according to plasma Ap42/AB40 status. Panels
A and B correspond to the conservative cutoff of amyloid positivity (22 CL) while panels C and D correspond to the early
cutoff of amyloid positivity (13.5 CL). Plasma AB(-) and plasma AB(+) groups were defined based on a baseline plasma
AP42/ABA40 cutoff of 0.241. Vertical tick marks on lines indicate censored observations. Log-rank test p-values are shown.
Tables below the plots display the number of participants at risk of conversion at each time point

after bootstrap resampling, the 95% CI was wide (1.49-155.44) due to a low number of events, although the
effect remained consistent.

Early amyloid threshold

Survival analyses were repeated using an early threshold for conversion to AB-PET(+) (13.5 CL). In this case, 31
individuals converted to AB-PET(+) during the follow-up: 20/130 (15.4%) in the plasma AB(—) group and 11/34
(32.4%) in the plasma AB(+) group (p=0.018). Kaplan—Meier curves demonstrated a higher cumulative probabil-
ity of conversion among plasma AB(+) individuals (log-rank p=0.015; Fig. 2C). In addition, plasma AB(+) status
was associated with an increased risk of conversion to AB-PET(+) (HR=2.42, 95% CI 1.16—5.07, p=0.019),
which remained significant after adjustment for covariates (HR=3.93, 95% CI 1.69—-9.11, p=0.001). Bootstrap-
derived CI (95% CI 1.58-15.97) supported the robustness of the association.

Conversion to MCI due to AD was also more frequent in the plasma AB(+) group (5/34, 14.7%) than in the
plasma AB(—) group (5/130, 3.9%; p=0.024) when the early cutoff of conversion was considered. Kaplan—Meier
analysis showed significant differences in time to conversion between groups (log-rank p=0.014; Fig. 2D) and
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Cox models indicated an increased risk for future conversion to MCI due to AD in the plasma AB(+) group (unad-
justed HR=4.17, 95% CI 1.21-14.41, p=0.024; adjusted HR=7.11, 95% CI 1.67-30.29, p=0.008). Again, boot-
strap CI were wide (95% CI: 1.12—108.32) due to the low number of events, but the effect remained consistent.

Table 3 summarizes conversion frequencies and Cox analyses using both the conservative (22 CL) and early
(13.5 CL) amyloid positivity thresholds.

Conversion to all-cause MCl

For all-cause MCI conversion, the primary predictor (plasma A group) satisfied the proportional hazards assump-
tion (p=0.39), whereas deviations were observed for age (p=0.005) and APOE genotype (p=0.028), yielding a
significant global test. As these variables were included as adjustment covariates and the main exposure fulfilled
the proportional hazards assumption, estimates for the association between plasma status and all-cause MCI were
interpreted with caution but considered informative.

Conversion to all-cause MCI occurred in 30/130 (23.1%) plasma AB(—) participants and 6/34 (17.6%) plasma
AP(+) participants (Supplementary Table 2). Between-group differences in conversion rates were not statistically
significant (p=0.542). Consistent with this, time-to-event analyses showed no evidence of group differences in
Kaplan—Meier estimates (log-rank p=0.722; Supplementary Fig. 2) or in Cox regression models (unadjusted
HR=0.85, 95% CI 0.36-2.05, p=0.722; adjusted HR=0.80, 95% CI 0.32-1.99, p=0.633).

Implications for clinical trial enrichment

Based on the combined diagnostic and prognostic findings of this study, we next explored the potential clinical
utility of plasma AB42/AB40 as a first-line screening tool to support recruitment for clinical trials. Specifically,
we integrated the results of the ROC analysis performed in the full cohort at baseline [13] with the longitudinal
analyses conducted in AB-PET(—) individuals to illustrate how plasma testing could be incorporated into real-
world trial enrichment strategies (Fig. 3).

In the full cohort of 200 individuals with SCD, baseline plasma AB42/AB40 would stratify participants into 135
plasma AB(—) (67.5%) and 65 plasma AB(+) (32.5%) individuals [25]. Given the high negative predictive value

Table 3 Conversion rates and survival analyses by plasma AP status
Conservative threshold for AB-PET positivity (>22.0  Early threshold for AB-PET positivity (>13.5 CL)

CL)
Plasma Plasma Conver- Cox analysis Plasma Plasma Conver- Cox analysis
AB() AB(+)  sion status AB(-) APB(+) sion status
(n=130) (n=34) (n=130) (n=34)
n (%) n (%) p-value* HR (95% p-value n (%) n (%) p-value* HR (95% D-
CI) CI) value
Conver- Withdrawals 18 (13.9) 7(20.6) 0.007 6.86 <0.001 18(13.9) 7(20.6) 0.018 3.93 0.001
sion to Converters  12(9.2) 9 (26.5) (2.45—19.20) 20 (15.4) 11 (1.69-9.11)
AB-PET(+) (32.4)
Non-Con- 100 18 92 (70.8) 16
verters (76.9) (52.5) 47.1)
Conversion Withdrawals 18 (13.9) 7 (20.6) 0.007 9.50 0.005 18(13.9) 7(20.6) 0.024 7.11 0.008
to MCIdue Converters 3 (2.3) 5 (14.7) (1.98—45.65) 5(3.9)  5(14.7) (1.67-30.29)
toAD Non-Con- 109 22 107 22
verters (76.9) (64.7) (82.3) (64.7)

Conversion counts to AB-PET(+) and to MCI due to AD are presented as n (%) with percentages calculated, using the total number of partici-
pants in each group

*P-values in the “conversion status” column correspond to Fisher’s exact test comparing converters versus non-converters among participants
with available follow-up data (withdrawals excluded). Cox regression models (HR with 95% CI) adjusted for age, sex, APOE-¢4 status and
baseline AB-PET (CL) are depicted. Results are presented for both conservative and early thresholds used for defining conversion to AB-PET(+)
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Fig. 3 Plasma-based screening strategy for recruitment in primary and secondary prevention clinical trials. Proposed step-
wise screening strategy using plasma AB42/AB40 to enrich clinical trial populations and optimize AB-PET utilization

(NPV) of the plasma assay (96%), the large majority of plasma AB(—) participants would be correctly classified as
amyloid-negative. These ruled-out individuals would therefore be unlikely to exhibit imminent amyloid pathol-
ogy and may not require further biomarker-based screening at this stage.

Among the plasma AB(+) subjects, AB-PET imaging would confirm cerebral amyloid deposition in 31 indi-
viduals (31/65: 48% plasma true positives). This stepwise strategy would substantially enrich the population in
AB-PET(+) individuals. Compared with an alternative direct PET-based screening strategy, which would require
approximately 172 scans to identify 31 amyloid-positive individuals based on the observed prevalence (18%),
plasma prescreening would reduce PET utilization by about 63%. These amyloid-positive individuals would rep-
resent optimal candidates for secondary prevention trials targeting downstream pathological processes.

On the other hand, 34 plasma AB(+) individuals (34/65: 52%) would test AB-PET(—) at baseline. Despite the
absence of detectable cortical amyloid pathology, this group would exhibit a substantially increased risk of future
progression, compared to plasma AB(—). Among those with longitudinal PET follow-up (n=27, Table 2), 41%
(11/27) converted to AB-PET(+) and 18.5% (5/27) progressed to MCI due to AD. These individuals would there-
fore constitute a high-risk preclinical population, detectable through the plasma AB42/A 40 analysis, suitable for
primary prevention strategies aimed at delaying or preventing amyloid accumulation.
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Discussion

In this 8-year longitudinal study of individuals with SCD from the FACEHBI cohort, we specifically focused on
those with negative baseline AB-PET status, defined using an early amyloid deposition threshold of 13.5 CL. Our
analyses showed that, within this AB-PET(-) population, plasma AB(+) participants exhibited steeper longitudi-
nal increases in cortical amyloid burden, along with a significantly higher risk of conversion to AB-PET(+) and to
MCI due to AD. These findings suggest that plasma AB42/AB40 positivity identified individuals in early amyloid
transition despite PET negativity. Importantly, in a screening context for clinical trials, assessing plasma AB42/
AP40 as an initial step may help rule out individuals at low risk of amyloid pathology, reducing the number of
PET scans required to identify AB-PET(+) individuals. Furthermore, this approach might optimize selection for
primary prevention trials by identifying those at higher risk of future progression, rather than assuming that all
AB-PET(-) participants have the same risk.

The use of 13.5 CL to define the AB-PET(—) group is based on previous evidence from FBB-PET showing that
this threshold captures the earliest stages of amyloid deposition and is therefore suitable for identifying individu-
als with emerging AP pathology [32]. This threshold has been previously applied in the FACHEBI cohort [13,
25] and is consistent with other studies supporting values around 12 CL as indicative of early amyloid-related
changes. For example, La Joie et al. [34], optimally detected Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) moderate-to-frequent neuritic plaques at a cutoff of 12.2 CL. Salvad¢ et al., reported optimal
agreement with CSF AB42 at 12 CL and proposed this value as a transition point between absent and subtle
amyloid pathology [35]. Similarly, Mila-Aloma et al., subsequently used a threshold of>12 CL to identify CU
individuals with early AB aggregation [36].

The objective of the present study was to assess whether plasma AB42/AB40 was associated with subsequent
amyloid outcomes independently of baseline cortical amyloid burden. In our cohort, plasma AB(—) and plasma
AP(+) groups had comparable baseline CL levels, suggesting that both groups were at a similar initial stage of
cortical amyloid pathology detectable by PET. Nevertheless, baseline CL levels were systematically accounted
for in all analyses.

When examining the association between baseline plasma AB42/AB40 and baseline CL with subsequent corti-
cal amyloid changes, the standardized effect size of plasma exceeded that of baseline PET across the AB-PET(-)
spectrum. Both variables were associated with amyloid accumulation in populations including higher CL levels
(<13.5,<22 and <30 CL), suggesting that they may capture partially distinct components of the amyloid process.
However, in individuals with very low baseline amyloid levels (<5 and<10 CL), baseline CL values were not
associated with future accumulation. Baseline plasma A remained associated, even after adjusting for baseline
PET burden, reflecting an earlier change in plasma. Consistently, plasma AB(+) individuals exhibited a signifi-
cantly faster rate of amyloid deposition than plasma AB(—) participants, diverging over time despite their com-
parable baseline cortical burden assessed by AB-PET. This pattern is consistent with an accelerated pathological
process within the plasma AB(+)/PET(—) group and supports the notion that plasma AB42/AB40 captures very
early amyloid changes that are not yet detectable with conventional PET, suggesting that it may act as an earlier
biomarker of incipient amyloid pathology than PET imaging.

Consistently, plasma AB(+) status was associated with a higher risk of conversion to AB-PET(+) and to MCI
due to AD. These associations remained statistically significant after adjustment for demographics and baseline
CL levels. The persistence of the plasma effect, even adjusting for baseline AB-PET, indicates that the association
of plasma AP status with conversion is independent of baseline amyloid burden as measured by PET. Further-
more, the absence of a significant interaction between plasma status and baseline amyloid burden suggests that
the plasma association is comparable across the full spectrum of AB-PET(-) individuals. Importantly, similar
associations were observed when conversion to AB-PET(+) was either defined using a broadly used cutoff for
abnormal AB-PET (22 CL) or an earlier (13.5 CL) threshold. Conversion to 22 CL reflects a more advanced stage
of amyloid accumulation, indicating that baseline plasma AB42/AB40 identifies individuals at risk of reaching
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clinically relevant levels of amyloid burden. Notably, the persistence of the association when using the lower
13.5 CL threshold further indicates that plasma AB42/Ap40 is informative of increased risk of early conversion.

Taken together, these results suggest that plasma AP42/AB40 captures early dynamic aspects of amyloid
pathology that are not fully reflected by AB-PET. Rather than merely mirroring subtle baseline cortical differ-
ences, plasma positivity appears to identify a biologically active transitional stage characterized by accelerated
amyloid accumulation and a greater likelihood of clinical progression. Plasma AB42/AB40 showed no associa-
tion with conversion to all-cause MCI, which was not unexpected, as the plasma-based tool used is specifically
related to cerebral amyloid pathology. In our cohort, 72% of individuals who converted to all-cause MCI did not
exhibit amyloid positivity on AB-PET imaging during follow-up, suggesting predominantly non-AD etiologies.
Accordingly, the lack of association with all-cause MCI likely reflects outcome heterogeneity rather than limited
performance of the plasma biomarker.

Direct comparison of our findings with previous studies is challenging due to differences in the thresholds used
to define AB-PET(—) and conversion to AB-PET(+). Nevertheless, other studies have reported results consistent
with ours. In a cohort composed predominantly of CU individuals, Schindler et al. [12] showed that participants
with a negative baseline amyloid PET scan (SUVR <1.42 for Pittsburgh Compound B (PiB) and<1.22 for AV45)
but positive plasma AB42/AB40 had a 15-fold greater risk of subsequent conversion to PET positivity than those
with negative plasma levels. Similarly, Janelidze et al. [27] reported that in CU participants with subthreshold
baseline amyloid burden (<40 CL), plasma AB42/AB40 levels were associated with longitudinal increases in Af-
PET signal. They also found significant associations when lower (<20 CL and<12 CL) AB-PET thresholds were
applied, but with smaller effect sizes. More recently, Feizpour et al. [8] reported across three international cohorts
that plasma AP42/AB40 positivity predicted PET conversion in CU individuals with very low baseline amyloid
levels (<5 CL), although no added predictive value was observed in those with higher subthreshold levels (5-20
CL). By focusing on individuals with SCD and using a low-burden threshold to identify AB-PET(-) individu-
als, our study extends these findings by showing that plasma AB42/AB40 is associated with accelerated amyloid
accumulation.

Importantly, we additionally examined clinical progression from SCD to MCI due to AD as a downstream out-
come to evaluate whether plasma AB42/AB40 screening status relates not only to underlying amyloid pathology,
but also to subsequent clinical disease expression. Plasma AB(+) individuals showed a higher risk of progression
to MCI due to AD compared with plasma AB(—), supporting the clinical relevance of this biomarker-based strati-
fication beyond its association with amyloid burden. In this context, progression to MCI due to AD represents a
clinically defined stage consistent with underlying AD pathology, thereby providing evidence that plasma Ap-
based screening captures individuals at increased risk of clinically manifest disease. While prior longitudinal
studies have linked plasma AB42/AB40 to cognitive decline and clinical conversion in CU individuals, these
have largely been conducted in mixed amyloid populations [37-39]. To our knowledge, no prior longitudinal
studies have specifically assessed clinical progression from CU/SCD to MCI in cohorts restricted to AB-PET(-)
individuals; however, these findings warrant replication in larger cohorts, particularly given the low number of
conversion events in our study.

Longitudinal modeling of amyloid trajectories has suggested that plasma A alterations may precede measur-
able brain amyloid accumulation by AB-PET [15, 16]. In a natural history analysis, Burnham et al. [40] reported
that the trajectory of plasma AP preceded that of AB-PET by a median of approximately six years, suggesting
that plasma changes may arise before conventional PET positivity. More recently, Canovas et al. [41] described
a steep decline in plasma AB42/AB40 occurring at an AB-PET burden of approximately 15 CL and characterized
a transitional phase between 10 and 15 CL, with plasma abnormalities emerging slightly (~2 years) before PET
reaches conventional positivity thresholds (20 CL). Notably, this transitional window overlaps closely with the
early cutoff (13.5 CL) applied in our study to define PET negativity at baseline. Together, our findings are consis-
tent with these observations and support the hypothesis that plasma AB42/AB40 captures early biological shifts
that precede the initial phases of PET-detectable amyloid accumulation.
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The present study focused exclusively on plasma AP42/AB40. Other blood-based biomarkers, particularly
p-tau217, have also emerged as promising tools in the field. However, within the framework of the amyloid
cascade hypothesis, altered tau phosphorylation occurs downstream of initial amyloid deposition [42, 43]. Thus,
as an earlier marker, plasma AB42/AB40 may be particularly well suited to detect incipient changes during the
earliest phases of the disease. In line with this, Feizpour et al. [8] have suggested that plasma AB42/AB40 may
better capture future amyloid positivity due to its earlier trajectory, whereas p-tau217 may be more effective for
pre-screening in trials targeting current pathology. Similarly, Schindler et al. [44] reported that among individuals
with low PET burden (<20 CL), AB42/AB40 levels showed the strongest association with low levels of cortical
amyloid compared with other leading plasma biomarkers, including p-tau217. Using the same threshold to define
AB-PET amyloid status (20 CL), Gogola et al. [45] found significant associations between baseline AB42/AB40
with future progression from AB-PET(—) to AB-PET(+) in individuals with plasma A(+) without dementia, but
no significant associations were observed for p-tau217. Additionally, Cogswell et al. [9] observed no evidence
of interaction when both biomarkers were included in the same models, supporting complementary rather than
competing roles. This is consistent with additional studies suggesting that the combination of AB42/AB40 and
p-tau217 may improve the prediction of AB-PET progression among AB(—) individuals [27, 46], in line with the
concept that these biomarkers may capture distinct stages along the AD continuum, reflecting complementary
aspects of early pathological processes [47]. Future studies directly comparing and integrating AB42/AB40 and
p-tau217 within the same early PET-negative populations will be essential to clarify their respective contribu-
tions and determine whether combined approaches further enhance early risk stratification.

Finally, our findings have potential implications for trial design, particularly in the context of biomarker-based
recruitment strategies in CU individuals. As disease-modifying therapies increasingly target early stages of AD
[48], the identification of CU individuals at the highest risk of progression has become a central objective of
prevention trials. In this regard, the high NPV observed in our cohort supports the use of plasma AB42/AB40 as
a practical rule-out biomarker of cortical amyloid pathology. Excluding individuals unlikely to harbor significant
amyloid pathology at the time of screening allows PET imaging to be applied in a more targeted manner, sub-
stantially reducing the logistical and economic burden associated with PET-based recruitment. Individuals with
concordant plasma AB(+)/PET(+) profiles would represent candidates for secondary prevention trials targeting
downstream disease mechanisms.

Of particular relevance, however, are plasma AB(+)/PET(-) individuals. In the absence of plasma prescreen-
ing, these participants would typically be classified as amyloid-negative and excluded from amyloid-focused
studies. Our longitudinal findings suggest that this group may represent a biologically active transitional stage
characterized by increased risk of subsequent amyloid accumulation and clinical progression. These results sup-
port the value of plasma AB42/AB40-based screening as a tool for clinical trial enrichment, extending beyond the
identification of amyloid-positive individuals to the enrichment of cohorts with a higher likelihood of subsequent
clinical progression. The identification of such high-risk yet AB-PET(-) individuals may therefore open a win-
dow for primary prevention approaches, targeting the earliest detectable phase of amyloid dysregulation before
conventional imaging thresholds are reached. Overall, these data support the integration of plasma AB42/AB40
as a first-line screening tool to optimize trial enrichment strategies, enhance the efficiency of PET-based screen-
ing, and enable the identification of individuals who may benefit from intervention at the very earliest stages of
disease. Finally, this tool could also have potential utility in future clinical settings as a large-scale screening
approach for CU individuals at risk of progression, as individuals with a positive plasma result could benefit from
closer monitoring and/or earlier intervention.

CU individuals with biomarker evidence of amyloid pathology are conceptualized differently across current
frameworks, including those proposed by the National Institute on Aging and the Alzheimer’s Association [49],
and the International Working Group [50]. However, these frameworks converge in not recommending a clinical
diagnosis of AD in CU individuals on the basis of biomarker positivity alone. In this context, the present find-
ings should be interpreted within a risk stratification and enrichment framework, aimed at identifying individu-
als at increased likelihood of early amyloid accumulation and subsequent clinical progression, rather than as a
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diagnostic approach. These considerations are particularly relevant for the design of prevention and early inter-
vention trials. In the future, if disease-modifying therapies demonstrate efficacy in the preclinical stage, current
conceptual boundaries may require further refinement.

Several strengths of this study should be highlighted. First, plasma AB42/AB40 was quantified using a MS—
based method, which is known to provide reliable performance in the quantification of AP peptides [51]. Second,
the AB42/AB40 ratio is less affected by comorbid conditions such as renal dysfunction or body mass index than
other plasma biomarkers associated with AD pathology, such as p-tau, neurofilament light chain (NfL), or glial
fibrillary acidic protein (GFAP) [52, 53], supporting its suitability for investigating very early amyloid-related
changes. Third, we focused on a cohort of AB-PET(-) individuals with SCD, a population characterized by
self-perceived cognitive changes not yet detectable on standardized neuropsychological tests [54]. This group
represents a particularly relevant stage for studying early pathological processes, as individuals who are within
a potential window for preventive intervention. Fourth, the FACEHBI cohort was extensively characterized, and
all samples were collected, processed, and analyzed at a single center following standardized protocols. This
reduces inter-site variability and minimizes methodological heterogeneity unrelated to the underlying disease
process. In addition, the longitudinal design included up to four AB-PET assessments per participant, providing a
more detailed characterization of amyloid trajectories than is typically available in cohorts with only two imaging
timepoints. Fifth, PET negativity at baseline was defined using an early and relatively stringent cutoff (13.5 CL),
ensuring the inclusion of individuals with very low cortical amyloid burden and strengthening the focus on the
earliest phases of amyloid accumulation. Finally, the association of plasma AB42/A 40 with longitudinal conver-
sion to AB-PET(+) was evaluated using two complementary thresholds, a threshold reflecting a more advanced
amyloid accumulation and an earlier threshold capturing very initial changes, confirming the robustness of our
findings across the spectrum of amyloid progression.

Limitations

This study has several limitations that should be acknowledged. First, it was conducted in a single-center cohort
of modest size composed exclusively of Caucasian individuals with SCD and relatively high educational attain-
ment. Although this homogeneous design reduces methodological variability and potential confounding factors,
it may limit the generalizability of the findings to more heterogeneous populations. Replication in larger, multi-
center cohorts including individuals with diverse ethnic, educational, clinical and socioeconomic backgrounds
will be necessary to confirm the robustness and external validity of the results, and assess their broader applica-
bility to other settings.

In addition, the relatively low number of clinical progression events warrants cautious interpretation of the
effect size estimates. This study was exploratory. The cutoff used in this cohort should be validated in independent
cohorts to confirm its generalizability.

A MS—based assay was used to measure AB42/AB40. Although using this method has analytical advantages,
its widespread implementation is somewhat limited due to technical complexity and accessibility, requiring cen-
tralized sample analyses in a reference laboratory.

Finally, the present analyses focused on plasma AB42/AB40 given its well-established role as an early marker
of amyloid pathology. While this approach aligns with the objective of identifying individuals at the earliest
stages of disease, future studies should assess whether the inclusion of additional amyloid-related biomarkers,
such as p-tau217, further improves risk prediction or refines stratification models.
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Conclusion

Our study shows that plasma AB42/AB40 detects emerging amyloid pathology in AB-PET(—) SCD individuals,
suggesting the notion that plasma alterations precede detectable changes on PET imaging. Plasma AB(+)/PET(-)
individuals, who are at a higher risk of developing cortical amyloid pathology and subsequent cognitive decline,
appear to represent an early amyloid transitional stage, in which pathological processes are already underway but
not yet captured by PET imaging. Our results further support the potential use of plasma AB42/AB40 as a first-
step screening tool for clinical trials, with plasma AB(+)/PET(-) individuals representing particularly suitable
candidates for primary prevention approaches targeting the earliest detectable phase of amyloid accumulation.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1186/
$13195-026-02158-6.
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