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Mass spectrometry
Subjective cognitive decline

The Journal of Prevention of Alzheimer’s Disease xxx (XXxX) XXX

Design, setting and participants: This study extends the Fundacié ACE Healthy Brain Initiative (FACEHBI) study
(Barcelona, Spain), comprising 200 individuals with subjective cognitive decline (SCD) followed over five years.
Measurements: AB42/AB40 ratio was quantified using ABtest-MS, an antibody-free mass-spectrometry (MS)
method. Survival analyses compared conversion risks to amyloid-PET positivity and mild cognitive impairment
(MCI), in participants classified as low or high Ap42/AB40, based on a cutoff of < 0.241. Linear mixed-effect
models evaluated associations of this biomarker with longitudinal changes in amyloid deposition, brain vol-
ume, and cognition.

Results: Low baseline Ap42/Af40 was significantly associated with increased amyloid accumulation (p = 0.257,
95% confidence interval (CI) 0.177-0.336, P < 0.001), and with higher risk of conversion to Ap-PET positivity
(Hazard ratio (HR) = 2.84, 95% CI 1.14-7.04, P = 0.025) and to MCI due to AD (HR = 3.25, 95% CI 1.17-9.01, P
= 0.024). It was also linked to decreased hippocampal (f = -1.183, 95% CI -2.154 to -0.211, P = 0.017) and
cortical (B = -75.921, 95% CI -151.728 to -0.113, P = 0.050) volumes, and increased ventricular volume (f =
35.175, 95% CI 18.559-51.790, P < 0.001). Moreover, lower baseline levels of AB42/Ap40 were weakly asso-
ciated with greater worsening in Mini-Mental State Examination and complex associative memory.
Conclusions: Our findings suggest that the plasma Ap42/Ap40 ratio is associated with future amyloid accumu-
lation, brain atrophy, and conversion to prodromal AD in individuals with SCD. This biomarker may help
characterize individuals with a higher likelihood of progression and could support earlier and more personalized

strategies.

1. Introduction

As one of the most pressing public health challenges of our time,
Alzheimer’s disease (AD) is a complex neurodegenerative disorder
defined by the accumulation of extracellular amyloid-beta (Af) plaques
and intracellular hyperphosphorylated tau tangles, which culminate in
cognitive impairment and dementia [1]. AD causes 60-70 % of dementia
cases, affecting 57 million people worldwide [2]. This number is ex-
pected to triple by 2050 due to the aging population [3], highlighting
the critical need for effective interventions.

AD is characterized by an extended asymptomatic phase, with am-
yloid pathology being recognized as the earliest pathophysiological
change [4]. Indeed, only after amyloid accumulation becomes
abnormal, other biomarkers such as those related to tau pathology,
neuroinflammation, synaptic dysfunction, and neurodegeneration
become altered [5].

Cumulative evidence suggests that current disease-modifying ther-
apies could be more effective in individuals at less advanced stages of
the disease [6,7]. For this reason, ongoing clinical trials with
Ap-targeting monoclonal antibodies are being conducted in cognitively
healthy (CH) individuals who show evidence of early AD pathology [8,
9].

The advances in treatment options have forced rapid progression in
the field of diagnostics, as the correct identification of individuals who
could benefit most from these therapies is of utmost importance. The
diagnosis of AD has been primarily based on cerebrospinal fluid (CSF)
biomarkers, such as AB42 [10], total tau (t-tau) and phosphorylated tau
(p-tau) [11], or neuroimaging techniques like positron emission to-
mography (PET), to assess amyloid pathology [12]. While these methods
have proven diagnostic value, they are invasive, costly, and not suitable
for routine clinical practice, longitudinal studies, and widespread
screening.

In recent years, blood-based biomarkers have gained attention as
non-invasive, accessible, and cost-effective alternatives, more appro-
priate for large-scale screening of at-risk individuals. Among these, the
plasma AB42/Ap40 ratio has shown a strong association with cortical
amyloid burden, as measured by PET imaging or CSF analysis [13-15],
indicating that this biomarker may offer a viable alternative to invasive
methods. Furthermore, as a marker of amyloidosis, it has the potential to
identify individuals at risk for AD years before clinical symptoms
appear, making it a valuable tool for early detection.

However, reliable quantification of these peptides in plasma, espe-
cially AB42, has been an ongoing challenge [16], due to its low con-
centration and propensity for aggregation with other highly abundant
compounds in this matrix. In addition, the significant overlap in plasma
Ap42/AB40  values between cortical amyloid-positive and

amyloid-negative groups [17] introduces an additional challenge.

Recent advancements in mass spectrometry (MS) and immunoassays
have significantly improved the sensitivity, precision, and reliability of
plasma Af measurements [18,19]. Plasma MS-based assays offer ad-
vantages over immunoassays in terms of accuracy, as evidenced in
head-to-head studies [20].

In recent years, increasing attention has been paid to the potential of
blood biomarkers to predict longitudinal changes in cumulative
amyloidosis, brain atrophy, and cognitive function [21-25]. Neverthe-
less, despite these advancements, data from studies utilizing highly
reliable techniques remain limited, underscoring the need for more
comprehensive research.

This study provides a 5-year extension of previously published data
(see Pascual-Lucas et al., 2023 [15], with results from the baseline visit
and the 2-year follow-up visit) from the Fundacié ACE Healthy Brain
Initiative (FACEHBI) cohort, which includes 200 CH individuals with
subjective cognitive decline (SCD). This population, characterized by
self-reported cognitive decline without objective deficits on standard-
ized cognitive tests [26], has gained attention due to its association with
an increased risk of developing mild cognitive impairment (MCI) and
eventually progressing to dementia [27]. In this longitudinal study, we
explored whether the plasma Ap42/AB40 ratio, measured at baseline
using an antibody-free MS technique (ABtest-MS; Araclon Biotech), is
associated with: a) amyloid accumulation, as assessed by AB-PET; b)
clinical conversion from SCD to MCL c) changes in brain volumes,
measured by magnetic resonance imaging (MRI); and d) cognitive
decline, assessed through the Mini-Mental State Examination (MMSE)
and several cognitive composites derived from an extensive battery of
neuropsychological tests.

2. Methods
2.1. Participants

FACEHBI is a long-term, single-center, prospective observational
study conducted at Ace Alzheimer Center Barcelona (Spain) aimed at
characterizing a population of subjects with SCD. One of the main ob-
jectives of the study is to determine which clinical, genetic, neuropsy-
chological, biochemical, and neuroimaging variables are the best
predictors of cognitive and functional impairment over time in in-
dividuals with SCD [28].

A total of 200 individuals with SCD diagnosis over the age of 49 were
initially enrolled in this study. Data from baseline to 5-year follow-up
visit (V5) are presented in this manuscript. Blood collection and com-
plete neurological and neuropsychological examinations, including
clinical diagnosis (SCD or MCI), were performed at each annual visit.
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Further details regarding the criteria used for SCD and MCI diagnosis are
provided in the Supplementary Material (section “Diagnosis criteria for
SCD and MCI™).

An '8F-florbetaben (FBB)-PET, used to identify cortical amyloid load,
and a brain MRI scan, used to assess brain atrophy and vascular pa-
thology, were included at the baseline visit, as well as at the 2-year (V2)
and 5-year (V5) follow-ups. A more detailed description of the proced-
ures associated with this study is included in the Supplementary Infor-
mation of Pascual-Lucas et al. 2023 [15]. Further information about
FACEHBI study design and inclusion/exclusion criteria can be found
elsewhere [28].

2.2. Plasma Ap analyses

Plasma samples from baseline visit (VO) were collected between
December 2014 and March 2016. Plasma AB40 and AB42 were quanti-
fied using ABtest-MS in July 2021. This method is an antibody-free high-
performance liquid chromatography-differential mobility spectrometry-
triple quadrupole mass-spectrometry (HPLC-DMS-MS/MS) method
developed by Araclon Biotech (Zaragoza, Spain). Briefly, analytes were
extracted directly from plasma since no immunoprecipitation (IP) pro-
cedure was followed. Intact AB40 and AB42 species were measured as no
enzymatic digestion was required. Deuterated internal standards (*H-
Ap40 and 2H-AB42, Bachem AG, Bubendorf, Switzerland) were spiked in
all samples, and response ratios corresponding to the endogenous spe-
cies in study samples (**N-Ap40/2H-Ap40 and *“N-Ap42/2H-Ap42) were
interpolated in the calibration curves. Further details about the analyt-
ical procedure and instrumental acquisition parameters, as well as re-
sults about sensitivity, parallelism, accuracy and precision are described
in the literature [15].

To identify individuals with amyloid deposition, a cutoff of 0.241
was previously established for plasma Ap42/Ap40 based on the analysis
of the baseline visit of the FACHEBI cohort [15]. This cutoff was
calculated at the maximum Youden index for amyloid deposition after
Receiver Operating Characteristic (ROC) analysis (Area Under the ROC
Curve (AUC) 0.87, 95 % confidence interval (CI) 0.80-0.93; sensitivity
86.1 %, specificity 80.5 %, positive predictive value 49.2 % and negative
predictive value 96.4 %). Individuals with baseline plasma Ap42/Ap40
values < 0.241 (n = 65) were classified as low Ap42/Ap40, whereas
those with Ap42/Ap40 values > 0.241 (n = 135) were identified as high
AB42/AB40.

Alternative dual-cutoff strategies, which introduce an ‘indetermi-
nate’ zone, were not applied in this study. Such approaches can help
reduce misclassification around the threshold and may provide addi-
tional value in a diagnostic context. However, the aim of the present
analysis was not to establish a diagnostic classification system, but
rather to examine longitudinal trajectories of individuals stratified ac-
cording to a single, predefined cutoff of plasma Ap42/Ap40 positivity.

2.3. 8F-Florbetaben positron emission tomography (FBB-PET)

Detailed information about FBB-PET acquisition has been previously
described [15]. In brief, a single dose of 300 Mbq of the FBB radiotracer
(NeuraCeq) was administered. The standard uptake value ratio (SUVR)
was calculated using the mean values from the cortical regions
segmented on MRI. The cerebellum was used as the reference region for
normalization. Centiloid (CL) values were calculated according to pub-
lished procedures [29], considering the early amyloid deposition value
of 13.5 CL as the threshold for positivity [30]. The intervals between the
scan performed at baseline and those performed at the 2-year and 5-year
follow-up visits were 25.3 [24.4-26.4] and 63.9 [62.3-65.7] months,
(median [interquartile range, IQR]), respectively.
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2.4. Brain MRI

A detailed explanation of the MRI acquisition process has been pre-
viously published [15]. Three different MRI parameters were measured:
1) hippocampal volume, defined as the mean of the left and right hip-
pocampal volumes; 2) cortical volume and 3) total ventricular volume,
calculated as the sum of the volumes of the left lateral ventricle, left
inferior lateral ventricle, right lateral ventricle, right inferior lateral
ventricle, third ventricle, and fourth ventricle. Additionally, the esti-
mated total intracranial volume was also calculated, which was used to
normalize the former three parameters (hippocampal, cortical and
ventricular volumes). The median [IQR] time between baseline and
follow-up scans was 24.8 [24.4-25.3] and 61.9 [60.6-64.1] months, for
V2 and V5 respectively.

2.5. Clinical outcome measures

Participants from the FACEHBI cohort were administered an exten-
sive neuropsychological assessment which included the MMSE [31,32],
the Neuropsychological battery of Fundacié ACE (NBACE) [33,34], and
additional tests such as the Spanish version of the Face-Name Associa-
tive Memory Exam (S-FNAME) [35]. The FNAME is an associative
memory test created to detect memory deficits in individuals with pre-
clinical AD [36]. Twelve cognitive composites were calculated at base-
line and follow-up V2 and V5 using data from MMSE, NBACE and
S-FNAME scores (more detailed information can be found in Supple-
mentary Materials - Cognitive Composites section). For the present
study, data from MMSE and ten composites (Memory - Verbal, Memory -
S-FNAME - Names, Memory - S-FNAME - Occupations, Memory - Visual,
Language, Processing speed, Executive functions, Visuoperceptual/Vi-
suospatial, Praxis and Attention) were used for the analysis. Addition-
ally, at follow-up V2 and V5 a clinical diagnosis was assigned to each
participant according to the information gathered by the neurologist
regarding the individual’s cognition and functionality and performance
on NBACE [33,34]. Of note, S-FNAME scores were not used for diagnosis
assessment.

2.6. Statistical analyses

Statistical analyses and graphical representations of the data were
conducted using GraphPad Prism v5.03 (GraphPad Software, San Diego,
CA, USA) and SPSS v18 (IBM, Armonk, NY, USA), with the exception of
linear mixed-effects models (LMEMSs). For these models, R software
(version 4.4.2) was utilized, specifically the lme() function from the
nlme package. A two-tailed P-value of <0.05 was considered statistically
significant.

To compare different groups, the Chi-square test or Fisher’s exact test
(when appropriate) was used for categorical variables, and the Mann-
Whitney U test was applied for continuous variables. The Bonferroni
correction was applied to adjust the significance level for multiple
comparisons. The association between two continuous variables was
assessed using Spearman's rank correlation coefficient. Changes in the
variables throughout the study were represented as the difference be-
tween the data at the 5-year follow-up (V5) and the data at baseline
(V0).

Kaplan-Meier survival analysis and Log-rank tests were performed to
assess the association between baseline Ap42/Af40 ratio in plasma and
conversion to AB-PET positivity during the follow-up. Additionally,
adjusted and unadjusted Cox regression models were fitted, together
with hazard ratios (HR) with 95% CI. Age and APOE (number of &4
alleles) were included as covariates in the adjusted models. The “time-
to-event” variable was defined as the time from baseline to conversion to
AB-PET- or the time from baseline to last assessment in the case of those
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who remained as AB-PET-. For these analyses, only AB-PET- subjects at
baseline were included (n = 164), as they were the population at risk of
conversion. The same procedure was followed to evaluate the associa-
tion between baseline plasma Af42/Ap40 values and either conversion
to all-cause MCI or conversion to MCI and AB-PET+ (hereafter referred
to as “MCI due to AD” in the text). In the last case, conversion time was
defined as the later of the two events: either the date of MCI conversion
or the date of AB-PET+ conversion. The 200 SCD participants were
initially included in both analyses as they were all classified as SCD at
baseline and thus, at risk of progressing to MCI during the follow-up.
LMEMs were used to assess the association between baseline plasma
AP42/Ap40 values and the trajectories (longitudinal changes) of Ap-
PET, volumetric MRI measurements and cognitive decline over time.
The models included participant-specific random intercepts and time-
specific random slopes, allowing for individual variation in the rate of
change throughout the follow-up period. Age, APOE status (number of
€4 alleles), plasma AB42/AB40, time and the interaction term “Ap42/
Ap40 x time” were included as fixed effects. § coefficient, 95 % CI and
the P-value of this interaction term are reported, as it reflects the effect
of plasma AP42/Ap40 changes over time. APB42/Ap40 data were
included in a dichotomized format (high and low Ap42/Ap40, using the
previously established cutoff of 0.241). Some analysis were also per-
formed considering Ap42/Ap40 as a continuous variable. An unstruc-
tured covariance matrix was used to model the correlation structure.

3. Results
3.1. Characteristics of the study population

At baseline, the 200 individuals enrolled in the study had a median
[IQR] age of 67.0 [60.0-70.0] years, 63 % (n = 126) were women, and
26 % (n = 52) were APOE ¢4 carriers. The prevalence of AB-PET posi-
tivity (cutoff > 13.5 CL) was 18 % (n = 36) and the median [IQR] MMSE
score was 29.5 [29.0-30.0]. The study sample consisted entirely of
participants of Caucasian ethnicity.

During the five years of follow-up, 30.5% (n = 61) of participants
withdrew from the study: 3.5 % (n = 7) at the 1-year follow-up, 3% (n =
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6) at the 2-year follow-up, 14 % (n = 28) at the 3-year follow-up, 3 % (n
= 6) at the 4-year follow-up and 7 % (n = 14) at the 5-year follow-up.
The reasons for participant withdrawal are provided in Supplemen-
tary Table 1. For the 193 participants with at least one follow-up visit,
the mean (SD) duration of monitoring was 4.5 (1.3) years, with an
average number of follow-up visits of 4.3 (1.2).

Table 1 provides baseline characteristics of the study participants for
the whole population and for the high and low A$42/Ap40 groups. The
participants with low AB42/Ap40 at baseline were older (median [IQR]:
69.0 [65.0-73.0] vs 64.0 [60.0-69.0] years, P = 0.001), had a lower
proportion of females (47.7 % vs 70.4 %, P = 0.002) and a higher fre-
quency of APOE &4 carriers (41.5 % vs 18.5 %, P = 0.002). They also had
higher AB-PET CL values (11.39 [-2.17-35.37] vs —3.70 [—7.92-1.69]
CL, P < 0.001) and higher ventricular volume (28,119.5
[22,732.5-34,933.1] vs 24,319.2 [18,727.2-32,028.2] mm>, P =
0.049). Plasma levels of Ap40, Ap42 and AB42/Ap40 ratio were also
lower in the low Ap42/Ap40 group (P = 0.004, P < 0.001 and P < 0.001
respectively).

The results of MMSE (Table 1) and the cognitive composites (Sup-
plementary Table 2) performed at baseline were compared between
the high and low Ap42/Ap40 groups. While MMSE scores were not
different between the two groups, several cognitive composites (Mem-
ory - Verbal, Memory - S-FNAME Names, Memory - Visual, Praxis and
Attention) showed statistically significant differences between high and
low Ap42/AB40 groups at baseline, reflecting worse cognitive perfor-
mance in those individuals with lower Ap42/AB40 values.

3.2. Association between baseline A42/Af40 and conversion to Ap-
PET+ at 5-year follow-up

In this study, 36 individuals (18 %) were enrolled as AB-PET+, and
24 additional participants converted over the follow-up (6 of them at the
2-year visit and 18 at the 5-year visit) (Table 2). At baseline, plasma
AB42/AB40 values were significantly lower (P = 0.028) in the 24 sub-
jects who converted to Ap-PET+ than in those who remained AB-PET—
over the five-year follow-up period (n = 75) (Fig. 1A). No significant
differences were observed between these two groups concerning

Table 1
Baseline characteristics of the study population*.

Whole population (n = 200) High plasma Af42/Ap40 (n = 135) Low plasma Ap42/AB40 (n = 65)' P-value
Demographics
Age, years 67.0 [60.0-70.0] 64.0 [60.0-69.0] 69.0 [65.0-73.0] 0.001
Female, n (%) 126 (63.0) 95 (70.4) 31 (47.7) 0.002
APOE ¢4, n (%) 0.002
0 alleles 148 (74.0) 110 (81.5) 38 (58.5)
1 allele 47 (23.5) 23 (17.0) 24 (36.9)
2 alleles 5(2.5) 2(1.5) 3(4.6)
Education, years 15.0 [11.0-18.0] 15.0 [12.0-18.0] 16.0 [10.0-18.0] 0.995
Neuroimaging
AB-PET, CL —1.69 [-6.70-8.21] —3.70 [-7.92-1.69] 11.39 [-2.17-35.37] <0.001
AB-PET positivity
AB-PET-, n (%) 164 (82) 130 (96.3) 34 (52.3) <0.001
AB-PET+, n (%) 36 (18) 5(.7) 31 (47.7)
Hippocampal volume"’, mm® 3,606.1 [3,401.2-3,820.3] 3,619.2 [3,454.1-3,822.0] 3,603.6 [3,312.1-3,769.0] 0.181
Ventricular volume"’, mm? 25,554.0 [20,116.6-33,576.8] 24,319.2 [18,727.2-32,028.2] 28,119. 5 [22,732.5-34,933.1] 0.049
Cortical volume™’, mm? 420,841.3 [407,841.9-438,278.7] 421,433.2 [405,119.4-438,379.1] 420,623.5 [408,830.9-437,630.1] 0.737
Plasma biomarkers
Plasma Af40, pg/mL 273.6 [248.9-300.2] 267.4 [244.0-292.3] 287.2 [263.8-309.0] 0.004
Plasma Af42, pg/mL 69.5 [62.1-76.7] 72.3 [65.8-79.3] 62.0 [56.2-68.6] <0.001
Plasma AB42/Ap40 0.257 [0.234-0.276] 0.268 [0.257-0.283] 0.219 [0.205-0.232] <0.001
Global cognition
MMSE, score 29.5 [29.0-30.0] 29.0 [29.0-30.0] 30.0 [29.0-30.0] 0.119

Abbreviations: APOE apolipoprotein E, CL centiloid, PET positron emission tomography, MMSE Mini-Mental State Examination.
“ : Data are median [IQR] values, except for the variable “female”, “APOE” and “Ap-PET positivity”, which are the number of cases (%). Differences between groups
were tested using Mann-Whitney U test, Chi-square tests or Fisher’s exact test, as appropriate.

T : High and low plasma Ap42/Ap40 was defined using a cutoff of 0.241.

§ : Data correspond to regional volume corrected by total intracranial volume.

: Whole population (n = 198); High Ap42/Ap40 (n = 133); Low Ap42/Ap40 (n = 65).
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Table 2
Rates of AB-PET positivity, all-cause MCI, and MCI due to AD conversion.
ApP-PET converters
AB-PET- at VO (n = 164) High plasma Ap42/Ap40 (n = 130)* Low plasma AP42/AB40 (n = 34)* P-value
Withdrawals, n (%) 26 (15.9) 19 (14.6) 7 (20.6)
Converters, n (%) 24 (14.6) 15 (11.5) 9 (26.5) 0.015
Non-converters, n (%) 114 (69.5) 96 (73.9) 18 (52.9)
All-cause MCI converters
Whole population (n = 200) High plasma Ap42/Ap40 (n = 135)* Low plasma Ap42/Ap40 (n = 65)* P-value
Withdrawals, n (%) 7 (3.5) 4 (3.0) 3(4.6)
Converters, n (%) 44 (22.0) 26 (19.2) 18 (27.7) 0.156
Non-converters, n (%) 149 (74.5) 105 (77.8) 44 (67.7)
MCI due to AD converters
Whole population (n = 200) High plasma Ap42/Ap40 (n = 135)* Low plasma AB42/Ap40 (n = 65)* P-value
Withdrawals, n (%) 27 (13.5) 19 (14.1) 8 (12.3)
Converters, n (%) 23 (11.5) 7 (5.2) 16 (24.6) <0.001
Non-converters, n (%) 150 (75.0) 109 (80.7) 41 (63.1)

Data are number of cases (%). Differences between groups were tested using Chi-square test.

" : High and low plasma Ap42/Ap40 was defined using a cutoff of 0.241.

demographic variables (age, sex, or education) or APOE &4 status.
However, as expected, converters already had higher Ap-PET CL values
at baseline, in comparison to non-converters (median [IQR]: 3.87
[0.618-8.15] vs —4.39 [—8.94 to —0.57] CL; P < 0.001).

With regard to the subsample who underwent AB-PET scanning at
visit 5 (n = 119), a statistically significant correlation was found be-
tween lower baseline Ap42/Ap40 and higher cortical amyloid deposition
quantified as CL increments after 5 years (Spearman p = —0.362; P <
0.001) (Fig. 1B). Furthermore, when participants were divided into
quartiles based on their baseline AB42/Ap40 values, those in the lowest
quartile (Q1) accumulated more cortical amyloid than subjects in the
other three quartiles. These differences were only statistically significant
when comparing Q1 and Q4 (P = 0.002) (Fig. 1C), but a progressive
amyloid accumulation profile was found throughout the four quartiles.

During the study, 9 of 34 (26.5 %) individuals with low plasma ratio
progressed to AB-PET+, while only 15 of 130 (11.5 %) individuals with
high plasma ratio did (P = 0.015; Table 2). The higher cumulative
probability of converting to amyloid-positivity in the low Ap42/Ap40
group was shown in the Kaplan-Meier analysis (Log-rank test: P = 0.005)
(Fig. 1D).

Finally, Cox proportional-hazards models also revealed that low
plasma AB42/AB40 ratio was associated with an increased risk of future
progression to AB-PET+ (HR = 3.13, 95 % CI 1.35-7.25, P = 0.008). This
association remained statistically significant after adjusting for age and
APOE ¢4 status (HR = 2.84, 95 % CI 1.14-7.04, P = 0.025).

3.3. Association between baseline Ap42/Ap40 and progression to all-
cause MCI and MCI due to AD at 5-year follow-up

All 200 individuals enrolled in the FACEHBI study met the diagnosis
criteria for SCD at baseline. During the follow-up period, a total of 44
individuals progressed to all-cause MCI (Table 2): 10 in V1, 11 in V2, 8
in V3,7 in V4, and 8 in V5. At baseline, individuals who later progressed
to all-cause MCI were older (median [IQR]: 70.0 [67.0-73.0] vs 63.0
[59.0-68.0] years; P < 0.001), had lower educational level (14.0
[9.3-16.0] vs 16.0 [13.0-20.0] years; P = 0.003) and exhibited higher
baseline AB-PET values (3.23 [—3.72-29.73] vs —3.49 [-7.74-3.28] CL;
P < 0.001) than those who remained as SCD during the whole follow-up.
All-cause MCI converters only had slightly lower Ap42/Ap40 values at
baseline than stable SCD (0.255 [0.212-0.270] vs 0.259 [0.242-0.279];

P = 0.054) (Supplementary Fig. 1A).

The low AB42/Ap40 group did not progress to all-cause MCI more
frequently (P = 0.156) (Table 2) than the high Ap42/AB40 group.
Additionally, they did not show a significantly increased risk of pro-
gression, either in the Kaplan-Meier analysis (Log-rank test: P = 0.075)
(Supplementary Fig. 1B), or in the unadjusted (HR = 1.72, 95% CI
0.94-3.13, P = 0.079) and adjusted (HR = 1.12, 95% CI 0.58-2.17, P =
0.738) Cox regression analyses. Within this group of converters, 23 of
the 44 individuals (52 %) progressed to MCI due to AD at the end of the
follow-up (Table 2). Of these, 18 entered the study as AB-PET+ and only
5 of them progressed to both, MCI and AB-PET positivity.

Those participants who converted to MCI due to AD over the study
(defined as MCI with AB-PET+) were found to be significantly older
(median [IQR]: 70.0 [69.0-73.0] vs 64.0 [59.0-68.0] years; P < 0.001)
and more frequently carriers of APOE €4 (61 % vs 22%, P < 0.001).
They also exhibited higher cortical amyloid burden (26.39
[19.32-58.68] vs —2.50 [—7.06-3.16] CL; P < 0.001) and lower Ap42/
Ap40(0.213[0.195-0.253] vs 0.260 [0.241-0.278]; P < 0.001) than the
non-converters (those who remained as SCD or those who progressed to
MCI, but remained AB-PET-) (Fig. 2A).

In Fig. 2B, the participants were split according to diagnosis (SCD vs
MCI) and AB-PET status (+/-) at V5. Baseline Ap42/Ap40 values were
lower in the Ap-PET+ group than in the AB-PET- group, both in the SCD
(P = 0.008) and the MCI populations (P = 0.002). Additionally, those
who converted to MCI due to AD had a significantly lower Ap42/Ap40
ratio at baseline than the non-converter subgroup SCD and AB-PET- (P <
0.001). No statistically significant differences were found between both
AB-PET+ groups (SCD and MCI) after correcting for multiple compari-
sons (P = 0.176). Note that the Ap42/AB40 ratio was not decreased in
the MCI and AB-PET- group (other-cause MCI).

Throughout the study, 16 out of 65 (24.6 %) participants in the low
AB42/AB40 group progressed to MCI due to AD, while only 7 out of 135
(5.2 %) progressed in the high Ap42/Ap40 group (P < 0.001; Table 2).
Additionally, low baseline Ap42/AB40 ratio was associated with a
significantly higher conversion rate to MCI due to AD over time, as
shown by the Kaplan-Meier analysis (Log-Rank Test: P < 0.001; Fig. 2C).
This association was further supported by both unadjusted (HR = 6.68,
95 % CI 2.61-17.10, P < 0.001) and adjusted Cox models (HR = 3.25,
95% CI 1.17-9.01, P = 0.024).
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Fig. 1. Association between baseline Ap42/Ap40 ratio and amyloid pathology a

t 5-year follow-up.

A. Distribution of AB42/AB40 ratio at baseline between stable AB-PET- at V5 and converters to AB-PET+ during the whole follow-up period. Horizontal lines depict
medians and whiskers depict interquartile ranges. Plasma Ap42/AB40 values were compared between the two groups using Mann-Whitney U test. *P < 0.05. B.

Correlation between plasma Ap42/Ap40 at baseline and amyloid accumulation at
line represents the regression line; dashed lines represent 95 % confident interval.

5-year follow-up visit, as determined by AB-PET CL increments (V5 - V0). Solid blue
C. Distribution of AB-PET CL increments among the quartiles of plasma Ap42/Ap40

at baseline. Horizontal lines depict medians and whiskers depict interquartile ranges. AB-PET CL increments among quartiles were compared using Mann-Whitney U
test with Bonferroni correction applied to adjust for multiple comparisons. **P < 0.01. D. Kaplan-Meier curves showing the fraction of participants remaining Ap-

PET-. Vertical tick marks on lines indicate times at which the participants were
includes the population at risk of conversion at each timepoint.

3.4. Association between baseline Af42/A$40 and brain atrophy at 5-
year follow-up

Individuals in the low Ap42/Ap40 group at baseline exhibited a
significantly higher reduction of hippocampal (P = 0.019) (Supple-
mentary Fig. 2A) and cortical (P = 0.023) (Supplementary Fig. 2B)
volumes over the course of the study than those in the high Ap42/Ap40
group. In addition, the low group also showed significantly greater in-
creases in ventricular volume (P = 0.001) (Supplementary Fig. 2C).

3.5. Association between baseline Af42/Ap40 ratio and cognitive
changes at 5-year follow-up

The change in MMSE and cognitive composites scores between the 5-
year follow-up and the baseline visits (V5 - VO) is represented in

censored. The P-value of the Log-rank test is depicted. The table below the graph

Supplementary Fig. 3A-K. MMSE scores declined more over the follow-
up period in the low AB42/AB40 group compared to the high Ap42/Ap40
group (P = 0.024). No statistically significant differences were found in
the cognitive composites.

3.6. Longitudinal assessment of brain amyloid deposition, cerebral volume
reduction, and cognitive decline using linear mixed-effects models

- Association between plasma Ap42/Af40 and cortical amyloid
deposition

The association between baseline dichotomized plasma Ap42/Ap40
ratio groups and cortical amyloid deposition rate was assessed using
LMEMs (Fig. 3A). Individuals in the low AB42/AB40 group accumulated
0.257 CLs more per month (3 CL/year), than those individuals in the
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Fig. 2. Association between baseline Ap42/Ap40 ratio and conversion to MCI due to AD.

A. Distribution of Ap42/Ap40 at baseline between non-converters at V5 and converters to MCI due to AD during the whole follow-up. The horizontal lines depict the
median and the whiskers depict the interquartile ranges. Plasma Ap42/Ap40 was compared between groups using the Mann-Whitney U test. ***P < 0.001. B.
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who were enrolled in the study as AB-PET+ and subjects who converted during follow-up. The horizontal lines depict the medians and the whiskers depict the
interquartile ranges. Plasma Af42/Af40 was compared among groups using the Mann-Whitney U test with Bonferroni correction applied to adjust for multiple
comparisons. **P < 0.01; ***P < 0.001. C. Kaplan-Meier curves showing fraction of individuals remaining SCD and AB-PET-. Vertical tick marks on lines indicate
times at which the participants were censored. The P-value of Log-rank test is depicted. The table below the graph includes the population at risk of conversion at

each timepoint.

high Ap42/Ap40 group (p = 0.257, 95% CI 0.177-0.336, P < 0.001).
The rate of amyloid accumulation was more than three times higher in
the low AB42/AB40 group (B = 0.372, 95 % CI 0.306-0.438) compared
to the high AP42/AB40 group (p = 0.115, 95 % CI 0.071-0.159).

- Association between plasma Af42/Ap40 and changes in brain
volume

The relationship between the baseline AB42/Ap40 ratio and longi-
tudinal changes in brain volume was also assessed using LMEMs. The

dichotomized baseline plasma Ap42/Ap40 ratio was significantly asso-
ciated with hippocampal (p = —1.183, 95% CI —2.154 to —0.211, P =
0.017) (Fig. 3B) and cortical (B = —75.921, 95% CI —151.728 to
—0.113, P = 0.050) (Fig. 3C) volume loss, as well as ventricular volume
increase (f = 35.175, 95 % CI 18.559-51.790, P < 0.001) (Fig. 3D).

- Association between plasma Af42/Ap40 ratio and cognitive decline

Regarding the association between baseline AB42/Af40 levels in
plasma and longitudinal cognitive decline assessed with LMEMs, neither
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Fig. 3. Prediction of longitudinal amyloid accumulation and brain volume changes.

A. Longitudinal amyloid-PET accumulation. B-C-D: Longitudinal changes in hippocampal, cortical and ventricular volumes respectively. The average regression line
for each group (low baseline A42/Ap40, in red and high baseline Ap42/Ap40, in blue) was plotted from LMEMs including age and APOE &4 status as covariates. The
shaded area represents the 95 % CI. Below each graph, the f coefficient, 95 % CI, and P-value from the corresponding LMEM are included, reflecting the “Ap42/Ap40
x time” interaction effect. Abbreviations: Ap-PET: amyloid-p positron emission tomography. CL: centiloids. CI: confidence interval.

the MMSE nor the ten cognitive composites scores showed a significant
longitudinal association with baseline Ap42/Ap40 ratio when this
biomarker was included in the model in a dichotomized format. How-
ever, MMSE and Memory Composite S-FNAME-Occupations showed a
trend (P = 0.072 and P = 0.101, respectively). Indeed, when Ap42/Ap40
ratio was included as a continuous variable in these models, significant
differences were achieved (MMSE: = 0.146, 95 % CI 0.008-0.284, P =
0.038; Memory Composite S-FNAME-Occupations: § = 0.088, 95 % CI
0.013-0.163, P = 0.021).

4. Discussion

The plasma AB42/AB40 ratio is an early biomarker in the AD con-
tinuum, but its potential to predict subsequent pathological features
remains uncertain. In the present study, this biomarker, measured using
a sensitive method such as ABtest-MS, was shown to be associated with
an increased risk of future amyloid accumulation, brain atrophy, and
conversion to MCI due to AD in a population of individuals with SCD.

Building on previous analyses from the FACEHBI cohort, this study
expands earlier work by examining how baseline plasma AB42/Af340
relates to subsequent biological and clinical trajectories over five years.
While Pascual-Lucas et al.,, 2023 [15] focused on diagnostic perfor-
mance and short-term associations, the present study adopts a broader
longitudinal perspective and includes a wider set of downstream out-
comes. Although the analytic and diagnostic performance of ABtest-MS
has already been validated with external cohorts [37,38] and real-world
clinical samples [39], its long-term prognostic utility had not been

evaluated in an extensively characterized SCD cohort. By integrating
extended longitudinal imaging, clinical, and cognitive endpoints, this
work provides the most comprehensive assessment to date of the prog-
nostic value of ABtest-MS—derived Ap42/Ap40 in a very early stage of
AD.

In this longitudinal study, baseline Ap42/AB40 ratio was already
decreased in those individuals who later converted to AB-PET positivity,
regardless of their diagnosis 5 years later (SCD vs MCI). In addition, this
biomarker was associated with an increased rate of brain amyloid
deposition over five years and consequently, with a higher risk of con-
version to AB-PET positivity. These findings suggest that the Ap42/Ap40
ratio may be a useful biomarker for assessing future amyloid accumu-
lation in individuals at risk of developing AD dementia.

Other groups exploring this same association have reached similar
conclusions. In a cohort of mostly CH participants, Schindler et al. found
that individuals with a positive plasma AB42/AB40 ratio at baseline had
a higher risk of conversion to amyloid-PET+ than those with a negative
plasma AB42/Ap40 [40]. In CH participants from the BIOFINDER-2,
Knight AD and BIOFINDER-1 cohorts, Janelidze et al. reported that
lower AB42/AB40 ratio was associated with higher baseline AB-PET CL
values and showed a significant correlation with increasing Ap-PET load
over time [23]. Finally, Pereira et al. concluded that the plasma
AB42/AB40 ratio was the only biomarker independently associated with
progressive global amyloid accumulation over time in non-demented
individuals [21].

Plasma p-tau217, another highly accurate biomarker for amyloid
deposition, has also demonstrated strong predictive value for cortical
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amyloid accumulation, even in CH individuals [41]. Furthermore,
earlier findings have shown that combining plasma Ap42/Af40 ratio
with p-tau217 improves both the detection [42] and progression [23] of
AP pathology. In addition, to date, the only FDA-approved blood test for
the early detection of amyloid plaques associated with AD combines
p-Tau217 and Ap42. Based on this, future research should explore
whether adding p-tau217 measurements may further improve the ability
of our model to capture amyloid-related changes, although the diag-
nostic accuracy of this biomarker is highest in symptomatic individuals
compared with cognitively unimpaired populations [43].

Previous studies have investigated the role of plasma biomarkers in
predicting the future progression from MCI to AD [44,45]. However, the
potential of the plasma Ap42/Ap40 ratio to provide prognostic infor-
mation regarding future clinical changes in CH individuals has been less
explored. Some studies have described that a lower Ap42/Ap40 ratio at
baseline is associated with a higher risk of subsequent development of
MCI or AD dementia in CH or SCD individuals [22,46]. However, Shen
and colleagues did not find any difference between the A+T-N- (Amy-
loid/Tau/Neurodegeneration) and the A-T-N- groups, when amyloid
pathology was identified with plasma Ap42/Ap40 [47].

In the present study, the plasma Ap42/Ap40 ratio was not signifi-
cantly associated with conversion to all-cause MCI. These results may be
explained, as the AB42/Ap40 ratio is a biomarker of amyloid pathology,
and mixed pathologies, some of them unrelated to Ap, may be present in
this cohort, as not all individuals who converted to MCI had an AB-PET+
scan. Diagnostic aid tools designed to identify brain amyloid deposition,
such as ABtest-MS, are not expected to have high accuracy when applied
to non-AD cases (other-cause MCI), where amyloid pathology is absent.
For this reason, we focused our analysis on assessing the conversion to
MCI due to AD (MCI with AB-PET+). In this context, SCD individuals
with a low AB42/AB40 ratio at baseline showed a higher risk of con-
version to MCI, even after adjusting for age and APOE &4 status. Baseline
AB42/AB40 values were significantly lower in this group than in the
stable A- participants (SCD with AB-PET-). The results of the present
study suggest that the plasma Ap42/Ap40 ratio, measured using an ac-
curate and robust method, is associated with the progression from SCD
to MCI due to AD. Moreover, the very high negative predictive value
observed in this cohort indicates that individuals with high baseline
ratio values—predominantly corresponding to AB-PET-negative cases
(true negatives)—show a very low risk of conversion to MCI due to AD.
By contrast, individuals classified as positive (low Ap42/Ap40 ratio)
warrant close follow-up, as data indicate that they are at increased risk
of conversion.

Regarding other plasma biomarkers, some studies have reported that
plasma p-tau isoforms, particularly p-taul81 [48] and p-tau217 [22,25],
are also associated with an increased risk of progression to AD dementia
in cognitively healthy individuals.

The association between baseline Ap42/Ap40 values and longitudi-
nal changes in brain MRI parameters was subsequently assessed. Our
findings suggest that the AP42/AB40 ratio is associated with early
neurodegenerative changes occurring in the initial stages of AD. After
two years of follow-up, an association between baseline Ap42/Ap40
levels and changes in ventricular volume had been previously described
[15]. This trend persisted in the 5-year follow-up analysis, where par-
ticipants with lower Ap42/Ap40 ratios showed greater increases in
ventricular volume, and greater decreases in hippocampal and cortical
volume. In addition, LMEMs indicated that individuals with lower
AB42/AB40 levels experienced significantly faster rates of change in
hippocampal, cortical and ventricular volumes.

Recently, Mitolo et al. published a review addressing the association
between blood-based biomarkers and brain MRI parameters across the
clinical AD continuum [24]. However, few longitudinal studies in CH
populations have been published so far. Dark et al. did not find any as-
sociation between baseline Ap42/Ap40 values and changes in brain
volume in a population of CH individuals [49]. However, Simrén et al.
reported that lower AB42 and AB42/Ap40 at baseline were related to
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grey matter loss in the orbitofrontal cortex (P < 0.05). In addition,
within the CH group, they found an association between longitudinal
changes of these biomarkers and grey matter volume change in the
posterior cingulate and prefrontal cortex [50]. Thus, together with some
others, our results highlight the association between plasma AB42/A340
ratio values and longitudinal brain volumetric changes in individuals at
the early stages of AD, even in preclinical AD.

Other plasma biomarkers such as p-taul81, p-tau217, NfL. or GFAP
(glial fibrillary acidic protein) have also shown associations with
different MRI outcome measures [21,24,49]. However, due to hetero-
geneity in the findings, further research is still needed in preclinical
populations.

In the present study, predictive models were developed to explore
the trajectory of MMSE scores and ten cognitive composite measures.
Significant associations were found for MMSE and the Memory Com-
posite S-FNAME Occupations, when the ratio was included as a
continuous variable in the model. However, only a trend was obtained
when the ratio was included in a dichotomized format. In a cohort of
older adults with subjective memory concerns, Giudici et al., found that
low AB42/Ap40 was related to greater MMSE decline over time [51].
However, some other groups studying this issue in CH populations did
not find a significant association with MMSE, even when employing
different methodologies to measure the Ap42/Ap40 ratio [44,49,52,53].
This may be explained by the potentially limited sensitivity of this test to
detect subtle changes in the CH population, leading to increased vari-
ability [54]. Thus, maybe, this association might have shown a strongest
effect with PACC (Preclinical Alzheimer Cognitive Composite) [22], as
this test was created to specifically detect early AD-related changes in
non-demented individuals [22,55]. In any case, other studies did not
find an association between plasma Af42/Ap40 and PACC scores [52,
53] over time. The significant results found in our study for the Memory
Composite S-FNAME Occupations may reflect an association between
the plasma Ap42/Ap40 ratio and early worsening in complex associative
memory performance, which is a cognitive endophenotype closely
linked to early AD.

The heterogeneity in study design, and variability in the neuropsy-
chological tests and composite measures used, complicates direct com-
parisons between studies. However, some groups have obtained
promising results in assessing the ability of plasma Ap42/Ap40 to predict
future cognitive decline in CH populations. Lim et al. showed that higher
plasma Ap composite scores (generated by combining APPeeg 711/
Ap1-42 and Ap1-40/AB1-42), measured using IP-MS, were moderately
related to accelerated decline in both episodic memory and executive
functions [56]. Giudici et al and Aschenbrenner et al. reported that
lower values of AB42/Ap40, measured with IP-LC/MS, were associated
with a faster decline in cognitive performance, measured by multiple
outcomes or a global cognitive composite [51,57]. Verberk et al. also
reported that lower plasma AB42/AB40 levels were associated with a
steeper rate of cognitive worsening on attentional, memory, and exec-
utive, but not language, test performances [58]. All these results high-
light the potential role of AB42/AB40 to predict future decline in
cognition, although further research is needed in early AD populations,
given the conflicting findings reported so far [59].

Plasma p-tau217 has also been described to be associated with
cognitive worsening [21,25]. Regarding plasma NfL and GFAP, the
literature shows mixed results concerning their potential as predictors of
cognitive decline in CH populations [59].

Several strengths of this study can be listed. First, the use of a pop-
ulation of SCD individuals provides a unique opportunity for timely
interventions, potentially delaying or preventing further cognitive
decline. Second, an accurate antibody-free MS-method was used to
quantify Ap42/Ap40 in plasma, a method that has proven reliable in
terms of accuracy and precision [15]. Third, the use of the Ap42/Ap40
ratio offers a key methodological advantage over other individual
plasma biomarkers such as pTau, NfL. or GFAP, as it is less affected by
comorbidities such as renal dysfunction or body mass index, effectively
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compensating for influences that impact the individual peptides [60,
61]. Fourth, each study participant was recruited from the same clinic
and all blood samples were processed and analyzed in the same labo-
ratory. Therefore, the effect of pre-analytical and analytical variability
that may affect plasma A levels was minimized. Fifth, all the procedures
(sample collection, PET scan, MRI scan, and cognitive assessment) were
conducted within a short period (3 months) during the same visit.
Finally, the association between A42/Ap40 and cognitive changes was
assessed using multiple clinical outcomes.

5. Limitations

In this study, we focused on the potential utility of a single plasma
biomarker. However, as mentioned above, incorporating additional
biomarkers could provide valuable insights into how they compare or
complement each other in evaluating risk among SCD individuals for
developing AD.

The FACEHBI cohort is highly characterized, but its size may limit
the generalizability of the findings to wider populations. Validation of
these results in an independent cohort would provide valuable addi-
tional evidence, further supporting previous work obtained using
ABtest-MS, in diverse ethnic and diagnostic groups [37,38]. Another
limitation of this study is that the cohort used may not fully represent the
diversity of the general population. Real-world studies or
community-based cohorts, with a broader variety in terms of de-
mographic characteristics, lifestyles and comorbidities, should also be
implemented to estimate the real potential of plasma biomarkers [62].
Finally, further studies are needed to optimize and personalize disease
predictions in clinical practice.

In conclusion, the findings of this study suggest that the plasma
AB42/AP40 ratio could serve as a valuable biomarker associated with
longitudinal future amyloid accumulation, brain atrophy and conver-
sion to MCI due to AD in individuals with SCD. Beyond indicating the
potential onset of objective cognitive decline, this marker provides in-
sights into disease-related processes in this population. Therefore, the
plasma AB42/AB40 ratio could contribute to stratifying individuals by
risk, facilitating earlier and more personalized interventions.
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