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Abstract

INTRODUCTION: This study aimed to explore the association between plasma
amyloid-g oligomerization tendency (OAR) and cognitive performance in Alzheimer’s
disease (AD) and determine its predictive value for outcomes of mild cognitive
impairment (MCI).

METHODS: Plasma from 727 subjects (286 AD, 260 MCI, and 181 controls) in a case
registry was analyzed using the multimer detection system (MDS) to measure plasma
OAB.

RESULTS: Elevated plasma OAB was strongly correlated with multidomain cognitive
performance in patients with MCIl and AD. Patients with MCl with high baseline plasma
OApB demonstrated a higher risk of progressing to dementia (hazard ratio = 1.083, 95%
confidence interval [CI] 1.032-1.137). Baseline plasma OAg effectively predicted MCI-
dementia conversion (area under the curve [AUC] = 0.824, 95% CI 0.752-0.897).
DISCUSSION: The real-world findings underscore the clinical relevance of plasma OAfS
as a potential predictor for the conversion from mild cognitive impairment (MCI) to

dementia.
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Highlights

* We recruit study participants of Alzheimer’s dementia (AD), mild cognitive impair-
ment (MCI), and cognitively normal controls in a case registry.

* We use the multimer detection system (MDS) to measure plasma amyloid-3
oligomerization tendency (OAR).

* We observe that elevated plasma OAf strongly correlates with multidomain
cognitive performance in patients with MCl and AD.
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* MCI individuals with high baseline plasma OAfB demonstrate a higher risk of

progressing to dementia.

* The real-world findings underscore the clinical relevance of plasma Oaf as a

potential predictor for the conversion from MCI to dementia.

1 | BACKGROUND

The biological underpinnings of Alzheimer’s disease (AD) have drawn
much attention since the proposal of the amyloid-3 (AB), pathologic
tau, and neurodegeneration (ATN) research framework in 2018.1 How-
ever, the ATN framework is not widely used in routine clinical scenarios
partially due to the barriers against cerebrospinal fluid (CSF) acqui-
sition and positron emission tomography (PET) scans.? Conversely,
peripheral blood collection presents a promising avenue for discover-
ing new blood-based biomarkers.3-¢ Despite substantial investment in
researching new blood biomarkers, our current understanding remains
limited, particularly concerning clinical applications, owing to the
complex pathogenesis of AD.

The amyloid cascade hypothesis, a cornerstone in AD pathology,
suggests that AD arises from an imbalance in the production and
clearance of AB.” Nonetheless, this hypothesis fails to fully explain
various aspects of AD, prompting the recent consideration of amyloid
oligomers.®? Ag oligomers, formed early in AD progression’C preced-
ing AB plaques and clinical symptoms, are believed to be the most
toxic component during the AB pathogenesis.!1=13 The Ag oligomer-
ization tendency (OAp) has yet to be recognized as a biomarker, partly
due to insufficient research on their association with cognitive decline,
particularly in the early stages.

Limited research exists on plasma Ag oligomers as AD biomark-
ers, but findings generally indicate elevated levels in AD patients.2*1>
Despite promising results, studies suffer from small sample sizes
and limitations in accurate assay of plasma AfS oligomerization. Addi-
tionally, there is a paucity of research incorporating mild cognitive
impairment (MCI) into the disease spectrum. Thus, further research
with larger samples is warranted to validate the utility of plasma Aj
oligomerization, especially in MCI.

Cognitive decline is a pivotal indicator in AD management, with
deficits manifesting in various domains during the early stages.é Com-
bining blood biomarkers with cognitive assessments can aid disease
monitoring and treatment guidance. However, research on the rela-
tionship between A oligomerization and cognition remains scarce,
particularly in the early stages.

While plasma Ag levels have shown predictive value in MCl-to-AD
progression,!’ studies on the role of A8 oligomerization in this process
are limited.'® Jongbloed et al. conducted the only follow-up study on
the ability of cerebrospinal fluid (CSF) AB-oligomer levels to predict
the risk of MCl-to-AD conversion'8; however, they obtained a nega-
tive result. Besides, the outcome of MCI remains heterogeneous.!?20
Investigating the predictive value of OAS on MClI-to-AD conversion is

crucial for guiding clinical interventions.

Given these research gaps, our study aimed to explore the relation-
ship between plasma OAg and cognitive function along the MCl-to-AD
spectrum. We hypothesize that plasma OAg correlates with multido-
main cognitive performance, particularly in early cognitive impairment

stages, and predicts MCI-to-AD conversion outcomes.

2 | METHODS

2.1 | Participants

A total of 368 people with AD, 340 people with MCI, and 278 cog-
nitively normal controls (NC) were recruited from the cohort of the
Geriatric Mood and Cognitive Impairment Initiative (GMCII) at the
Dementia Care and Research Centre, Peking University Institute of
Mental Health. All subjects participated in a standardized research
scheme, including demographic information collection, neuropsycho-
logical examination, and blood sample collection. A dementia specialist
interviewed all participants prior to making each diagnosis. The enroll-
ment process is shown in Figure 1.

The inclusion criteria for the AD group were as follows: (1) aged
between 55 and 85 years; (2) met both the criteria for dementia
according to the International Classification of Diseases, 10th Revision
(ICD-10) and the criteria for probable AD of the National Institute of
Neurological and Communicative Disorders and the Stroke/Alzheimer
Disease and Related Disorders Association (NINCDS-ADRDA); and (3)
had more than 6 years of education. The inclusion criteria for the MCI
group were as follows: (1) aged between 55 and 85 years; (2) met
Petersen’s criteria, that is, a memory complaint confirmed by an infor-
mant, normal general cognitive function, as defined by a global Clinical
Dementia Rating (CDR) score of 0.5, and preserved activities of daily
living; and (3) had more than 6 years of education. The inclusion crite-
riafor the NC group were as follows: (1) aged between 55 and 85 years;
(2) had no complaints of memory decline; (3) had more than 6 years of
education; (4) a Mini-Mental State Examination (MMSE) score > 24;
and (5) had normal daily living abilities. Participants were excluded
if they had a history of other psychiatric disorders (e.g., schizophre-
nia, bipolar disorder, major depressive disorder, alcohol or substance
abuse/dependence), stroke, other focal brain injury or other neurode-
generative conditions, or any hearing or visual impairment that could
prevent the efficient completion of an evaluation.

The GMCII cohort was formulated through the case registry of mul-
tiple studies approved by the Institutional Review Board of Peking
University Sixth Hospital. All participants of these studies provided

informed consent to participate in the formulation of the GMCII
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cohort and consented that the blood sample could be analyzed
anonymously.

2.2 | Neuropsychological tests
All participants were administered comprehensive neuropsychological
tests, including the MMSE, Montreal Cognitive Assessment (MoCA),
Cognitive Abilities Screening Instrument (CASI), Common Objects
Memory Test (COMT), visual reproduction, verbal fluency, digit span,
and figure completion tests.21-26

All neuropsychology tests were conducted in Mandarin. The COMT
is a subtest of the Cross-Cultural Neuropsychological Test Battery
(CCNB), which assesses participants’ language ability and recent mem-
ory. The visual reproduction test consists of reproduction and recall
and mainly evaluates visual-spatial memory function. The animal ver-
bal fluency test mainly assessed the subjects’ language ability. The
forward and backward digit span tests assessed participants’ atten-
tion. The picture completion tests mainly evaluated the individual’s

reasoning ability. Higher scores indicated better comprehension.

2.3 | Plasma preparation

Venous blood was collected in 6 mL BD Vacutainer ethylene diamine
tetraacetic acid (EDTA) tubes; samples were then centrifugated at
850 x g for 30 min at room temperature (RT). Plasma separation was
performed within 3 h of sample collection. The plasma was finally
aliquoted into polypropylene tubes (1.5 mL) in volumes of 500 pL and
stored at —80°C until assayed.

2.4 | Quantifying the plasma OAR levels

The AlzOn™ assay kit (donated by PeopleBio, Inc., Korea) was used to
quantify plasma OAp. The antibodies used in the assay kit were the
mouse monoclonal antibody 6E10 (BioLegend, San Diego, CA, USA)
and the WO2-HRP antibody (Absolute Antibody Ltd., Oxford, UK). A
well-trained technician blinded to the diagnostic information of the
samples performed the experiments according to the manufacturer’s
protocol.

Before assay, aliquots of plasma samples were thawed at 37°C for
15 min. Ten microlitres of plasma, 4 pL of human anti-murine antibody
(HAMA) blocker (Scantibodies Laboratory, Santee, CA, USA), and 90 pL
of assay buffer were mixed. Ten microliters of PBR-1 (1% proprietary
material + 1.25% dimethyl sulfoxide [DMSO] + 96.75% phosphate-
buffered saline containing Tween 20 [PBST] + 1% ultra-pure water)
was mixed into the plasma mixture. PBR-1 is a synthetic AB pep-
tide produced by PeopleBio Inc. The 1% proprietary material is the
concentrated stock solution of synthetic Aj peptide.

Then, the EDTA-treated plasma mixtures were incubated for 1 h.
100 pL of the plasma sample mixture and serially diluted standards

were added to separate wells of the plate. The plates were incubated

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: A literature review was conducted
using traditional sources (e.g., PubMed). Although there
have been studies on amyloid-3 (AB) oligomers playing
a crucial role in Alzheimer’s disease (AD), AB oligomers
have not yet become recognized markers. To date, there
is not only a lack of comparative studies on continuous
spectra with relatively large samples but also insuffi-
cient research on the correlation between the plasma
Ap oligomerization tendency (OAR) and cognition, espe-
cially early, mild cognitive impairment (MCI). There is
also no study on the follow-up queue of OAJ to observe
MCI-to-AD conversion.

2. Interpretation: This study is one of the studies regarding
real-world multimer detection system (MDS)-OAB useful-
ness and systematically investigated the contribution of
OAB in MCl-to-AD conversion.

3. Future directions: In future follow-up studies, the sam-
ple size of the MCI population can be expanded to more
deeply explore the pathogenesis mechanism.

at RT for 1 h. After washing three times with washing buffer, the detec-
tion antibody was added to the wells, and the plate was incubated
for 1 h at RT. Finally, 100 pL of 3,3’,5,5’-tetramethylbenzidine (TMB)
reagent was added as a substrate, and after 15 min, the reaction was
stopped with 50 pL of 1 M H,S50,. Optical density (OD) values were
measured at 450 nm using a Victor 3 multispectrophotometer. To min-
imize the intra-plate signal variance, high (Control A) and low (Control
B) concentrations of oligomeric Ag were loaded in row D of the assay
plate. For example, Control A was loaded in row D of column 3 and
Control B in row D of column 4. The concentration of oligomeric A
in the plasma samples, as well as in Controls A and B, was calculated
using the standard curve. The ratio value for each sample in columns
3 and 4 was determined by dividing the oligomeric AB concentration
of the sample by the mean oligomeric AS concentration of Controls A
and B in the corresponding column. OAS levels are expressed in MDS
ratio value, where the concentration of a sample is divided by the mean
concentration value of the internal controls (Controls A and B) in the
corresponding column on the microplates. Samples were analyzed in
singlicates.

The assay’s coefficient of variation (CV%) is approximately 5%, val-
idated through testing control materials at four concentrations (high
positive, medium positive, low positive, and negative) across three dif-
ferent LOTs, two distinct instruments, and three different testers over
5 days, with each sample tested in five replicates. All 225 positive sam-
ple tests returned positive results, and all 75 negative sample tests
returned negative results, demonstrating 100% reproducibility. The
CV% of the OAg level for total variability, as well as variability across

LOTs, testers, and instruments, was approximately 5%.
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Cohort
(n=986)

Excluded:
-------------- - without blood samples (n=72)
- hemolysis and other quality issues (n=31)

Eligible subjects
(n=883)

AlzOn+ assay

----- - missing cognitive data and other reasons

Excluded:
- failed detection (n=65)

that do not meet the inclusion criteria
(n=91)

AD MCI NC
(n=286) (n=

---- - denial of access (n=32)

Excluded:
- death (n=11)

- loss of contact and other reasons for
missing data (n=89)

AD non-converters
(n=59)

(n=69)

AD converters

FIGURE 1 Flow chart of the subject enrolment process.

2.5 | Follow-up procedure

Participants were annually administered follow-up interviews with the
same neuropsychological evaluation and consensus diagnosis meth-
ods as those performed at baseline. AD converters were defined as
those with an incident AD dementia diagnosis at any follow-up inter-
view. AD nonconverters included those who were clinically diagnosed

as cognitively normal or having MCl throughout follow-up.

2.6 | Statistical analysis

Data analysis was performed with IBM SPSS Statistics 21.0 software.
According to whether variables conformed to a normal distribution and
homogeneity of variance, a single factor analysis of variance or non-
parametric Wilcoxon test was used to evaluate comparisons among the
NC, MCI, and AD groups. A pairwise comparison of post hoc analy-
sis was performed using the least significant difference (LSD) method.
Chi-squared (y?) tests were used to compare the sex ratio. To com-
pare plasma OAB among the NC group, MCI group, and AD group,
covariance analysis was used while adjusting for age and years of edu-
cation. Partial correlation analysis was used to analyze the correlation
between cognitive scores and plasma OASB while adjusting for years of
education and age. Partial correlation analysis was also used to ana-
lyze the correlation between cognitive scores and plasma OAB among
the groups with different levels of AD, adjusting for years of education.
According to the CDR score, patients with AD were divided into a mild
AD group if they had a CDR score = 0.5/1, a moderate AD group with a
CDR score =2, and a severe AD group with a CDR score = 3.

Student’s t test and the Mann-Whitney U test were used to
compare continuous variables, while the Pearson )(2 test was used
to compare categorical variables between AD converters and non-
converters. Analysis of covariance was used to test the differences in
the concentrations of biomarkers between these two groups. Patient
outcomes were statistically classified as conversion of follow-up out-
comes to dementia with a value of 1, while maintenance of MCI or
restoration of normal cognition was recorded as 0. Using a median
of 2.37 for binary grouping, we divided the MCI follow-up popula-
tion into high-ratio and low-ratio groups. The Cox regression was used
to present the cumulative AD incidence and estimate the risk (haz-
ard ratio [HR] with 95% confidence interval [Cl]) during the follow-up
period. The predictive performance of plasma OAS for MCl-to-AD pro-
gression was analyzed by receiver operating characteristic curve (ROC)
analysis, and the sensitivity, specificity, and area under the curve (AUC)
were investigated. Here, p < 0.05 was considered to indicate statistical

significance.
3 | RESULTS
3.1 | Characteristics of study participants

A total of 286 patients with AD, 260 patients with MCI, and 181 NC
were enrolled in this study. Table 1 summarizes the demographic
characteristics of these participants at baseline. There were significant
differences in education level (p < 0.001) and age (p < 0.001) among
the three groups. The general cognitive level in the AD group was
significantly lower than that in the NC group (p < 0.001, Table 1).
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TABLE 1 Demographic characteristics and general clinical features of the study participants.
Parameter AD group (n = 286) MClI group (n = 260) NC group (n = 181) F/x2 p-value
Age (years), mean (SD) 73.87(7.34) 73.46 (7.68) 69.43(7.05)>° 22.69 <0.001
Sex, F (%) 188 (65.73) 159 (61.15) 131(72.40) 5.97 0.051
Education (years), mean (SD) 12.19(3.78) 12.50(3.61) 13.97 (2.66)>° 15.60 <0.001
MMSE score 18.41 (5.80)° 26.94(2.17) 28.63(1.28)*° 490.11 <0.001
MoCA score 13.34(5.32)° 21.63(2.94) 26.01(2.40)*° 628.76 <0.001
CASI score 62.62(17.37)° 88.30 (6.14)? 96.11(3.27)*° 560.39 <0.001
Episodic memory
COMT-IR score 4.50(1.82)° 7.06(1.33)2 8.05 (1.04)>P 368.53 <0.001
COMT-DR5 score 3.96(2.76) 7.28(1.89)° 8.56(1.14)P 296.58 <0.001
COMT-DR30 score 4.10(2.60)° 6.54(1.87) 8.68(1.11)>P 283.53 <0.001
Visuospatial function
Visual reproduction score 17.45 (9.44)° 30.79(6.91)? 35.41 (4.60):P 370.68 <0.001
Visual reproduction-recall score 11.12(8.45)P 19.69 (9.91)° 30.36 (7.15)*P 271.49 <0.001
Language function
Verbal fluency test score 10.02 (4.15)P 17.14 (6.16)? 20.04 (4.57)P 252.32 <0.001
Attention
Digit span total score 12.96 (4.05)° 15.82(3.75)° 17.96 (3.60)*° 99.13 <0.001
Digit forward score 8.47 (2.78)° 9.89 (2.36)? 10.88 (2.13)2P 55.84 <0.001
Digit backward score 4.49 (1.86)° 5.95 (2.08)? 7.08 (2.28)2P 92.4 <0.001
Comprehension
Graphics completion score 5.90 (2.59)° 7.50(1.81)2 8.31(1.60)>P 81.28 <0.001

Note: Continuous variables are presented as the mean (standard deviation). ANOVA was used to compare continuous variables among three groups.
Categorical variables are presented as numbers (percentages). The chi-squared test was used for the statistical analysis of categorical variables.
Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance; CASI, Cognitive Abilities Screening Instrument; CDR, Clinical Dementia Rating; COMT,
Common Objects Memory Test; DR30, 30-min delayed recall test; DR5, 5-min delayed recall test; GDS, Geriatric Depression Scale; IR, immediate recall test;
MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NC, normal controls.

ap <0.05vs. AD.
bp <0.05 vs. MCI.

Atotal of 128 patients with MCl at baseline were followed up with at
least one post-baseline cognitive test; among these patients, 69 (54%)
converted to AD and 59 (46%) did not. Among participants who did
not convert to AD, 7 recovered normal cognition, and 52 maintained
MCI status. The follow-up time of AD converters was significantly
longer than that of the AD nonconverters (mean (SD), 4.19 (3.03) vs.
3.14(2.13), p < 0.05). The demographic characteristics of the follow-up
participants are summarized in Table S1.

3.2 | Comparison of cognitive domain function
among the AD, MCI, and NC groups

As expected, there were significant differences among the three
groups in their scores reflecting various domains of cognition, including
memory, executive function, visuospatial function, language function,
attention, and comprehension (p < 0.001). The AD group showed the
worst performance, followed by the MCl group, and the NC group had
the highest scores (Table 1).

3.3 | Comparison of plasma OAB among the AD,
MCI, and NC groups

After adjusting for age and years of education, analysis of variance was
conducted to compare plasma OAS in the AD group, MCI group, and
NC group; there was a significant difference in plasma OAjB among the
three groups (p < 0.001, Figure 2). Additionally, plasma OAB showed
an increasing trend from the NC group to the MCI group and then to
the AD group. Pairwise comparisons revealed significant differences
between the AD and NC groups (p < 0.001), the MCI and NC groups
(p < 0.05), and the AD and MCl groups (p < 0.05).

3.4 | Correlation between plasma OAB and
cognitive function

As shown in Figure 3, in the MCI group, there were significant associ-
ations between plasma OAB and COMT 5-min (r = —0.29, p < 0.001)

and 30-min (r = —0.74, p < 0.001) recall scores, verbal fluency scores
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FIGURE 2 Comparison of plasma Ag oligomerization tendency
among the AD, MCI, and NC groups. Covariance analysis was used
while adjusting for age and years of education. AB, amyloid-3; AD,
Alzheimer’s disease; MCI, mild cognitive impairment; NC, normal
controls.

(r = —0.33, p < 0.001), and digit span-forward scores (r = —0.16,
p = 0.013). In the AD group, there were significant associations
between plasma OAB and COMT 5-min (r = —-0.51, p < 0.001) and 30-
min (r=-0.61, p <0.001) recall scores, verbal fluency scores(r = —0.20,
p = 0.001), and digit span-forward scores (r = —0.28, p < 0.001).
The correlation results between plasma OAS and scores in different

cognitive domains are shown in Table S2.

3.5 | The predictive value of plasma OAg for
MCI-to-AD conversion

As shown in Figure 4A, the baseline plasma OAg in the MCl-to-AD
converters was significantly higher than those in the non-converters
(p < 0.001). Meanwhile, there were no differences in cognitive domain
scores between the two groups except for the episodic memory domain
(Table S1).

Multivariate Cox proportional risk regression analysis showed that,
for every 0.10 increase in plasma OAS in the MCI follow-up popula-
tion, the risk of AD conversion also increased 1.083-fold (HR, 1.083;
95% Cl, 1.032-1.137; p = 0.001). The risk of AD conversion at high
plasma OAB (> 2.37) was 2.161 times higher than that at low levels
(<2.368) (HR, 2.161; 95% Cl, 1.236-3.776, Figure 5). The plasma OAJ
could be used to differentiate between the MCl-to-AD converters and
non-converters with an AUC of 0.824 (0.752-0.897, Figure 4B).

4 | DISCUSSION

In the present study, plasma OASB was lowest in the NC group and
highest in the AD group. Meanwhile, elevated plasma OAg is strongly
correlated with decreased general cognitive ability and multidomain

cognition scores, especially with early cognitive impairment. MCl indi-
viduals with high OAS were more likely to convert to AD dementia than
those with low OAg. Plasma OAf showed predictive value for AD con-
version, suggesting it might be an accessible and feasible indicator of
clinical AD prognosis.

The observed trends in plasma OAS in AD patients are consistent
with previous studies, which showed that the AB oligomerization lev-
els in AD patients are higher than those in the NC group, whether
in the blood or CSF.161827.28 However, few studies on AB oligomer-
ization include patients in the MCI stages, and their conclusions vary.
A few studies that considered the full MCI-to-AD disease spectrum
did not show significant results despite a continuous trend.829-32
Jongbloed et al. found that baseline CSF AB-oligomer levels do not
differ between cognitively normal, MCI, and AD subjects.’® Although
some researchers have found significant differences in oligomer lev-
els between AD or MCI and controls, they cannot distinguish between
AD and MCI well.2?-32 The reasons for these different experimental
results may include small sample sizes, insufficient advanced detec-
tion methods, and different types of oligomers detected. Therefore, our
comparative study on the MCI-to-AD continuous spectra with a rel-
atively large sample size adopted more accurate detection methods,
resulting in more significant and generally better results.

One of the most exciting findings from the present study was that
plasma OAB was highly correlated with multidomain cognitive per-
formance in MCI-to-AD patients, especially in areas related to early
cognitive impairment, such as episodic memory, language function, and
attention. Previous studies have demonstrated that the level of solu-
ble AB oligomers is correlated with the extent of synaptic loss, which in
turn restricts hippocampal function.®® Increased levels of A oligomers
were also described by Fukumoto et al. In that study, the AUC for
Ap oligomers was greater than that for CSF AB42, suggesting that AS
oligomers may serve as a candidate marker for discriminating between
AD/MCI and normal controls.3* Although it has become apparent that
the plasma AB42/40 ratio, rather than absolute levels of these pep-
tides, is a better indicator of AD risk, there is a lack of comparative
studies between A oligomers and AB42/40 ratio so far. The present
study could be the first to report the correlation between plasma OAB
and episodic memory, attention, and language function in MCl and AD.
Episodic memory and executive deficits occur in the very early stage
of AD.2! In many paradigms evaluating learning, memory, and recall,
delayed recall is a characteristic feature for detecting MCI and AD.
As a detection approach that excludes cultural differences, COMT is
widely used in memory testing.22 Although easily overlooked, a change
in attention is also one of the early manifestations of AD patients.23
Investigations in MCI have also revealed evidence of impairment in
attention.3® The Digit Span subtest from the Wechsler Scales measures
distractibility and attention.2 Here, observing the significant changes
in attention tested by digit span in MCl and AD is consistent with pre-
vious studies. In addition, we also focused on the changes to language
function in AD and MClI patients. Decreased vocabulary size may be an
early indicator of cognitive impairment.2> Verbal fluency impairments,
closely related to overall language function, occur early in AD and, to

a lesser extent, in normal aging.2® The strong correlations between
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FIGURE 3 Correlation analysis between plasma Ag oligomerization tendency and cognitive function in the MCl group (A) and AD group (B).
Partial correlation analysis was used to analyze the correlation between cognitive scores and plasma AB oligomerization tendency while adjusting
for years of education and age. AD, Alzheimer’s disease; AB, amyloid-3; MCI, mild cognitive impairment.

plasma OAS and the delayed rec
ency, and digit span revealed that

all scores on the COMT, verbal flu-
the increased plasma OAS paralleled

the earliest cognitive changes in patients with AD. The significance of

plasma OAgR parallel with the earl

iest cognitive changes could present

additional evidence supporting plasma OAg as a potential blood-based
biomarker for AD screening or diagnosis.

One of the most important results in our study is that MCl individu-

als with higher plasma OAg at baseline demonstrated a higher AD risk
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(A) Comparison of baseline plasma AB oligomerization tendency between MCI-to-AD converters and non-converters. (B) The ROC

curve of plasma AfB oligomerization tendency in differentiation between MCI-to-AD converters and AD non-converters. Analysis of covariance
was used to test the differences in plasma AS oligomerization tendency between these two groups. The predictive performance of plasma A3
oligomerization tendency for MCl-to-AD was analyzed by ROC curve analysis, and the sensitivity, specificity, and AUC were investigated. AS,
amyloid-g; AD, Alzheimer’s disease; AUC, area under the curve; MCI, mild cognitive impairment; ROC, receiver operating characteristics.
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AB, amyloid-g; AD, Alzheimer’s disease.

and that plasma OAS had good performance in predicting AD conver-
sion. Previously, only Jongbloed et al. had conducted a follow-up study
on CSF AB-oligomer levels of participants with MCl to predict the risk
of converting into AD.!8 However, in their study, the levels of CSF AB

oligomers did not differ between the groups of MCI-to-AD convert-

ers and non-converters. Moreover, there was no association between
CSF Ap-oligomer levels and cognitive performance at baseline in any
group. The discrepancy may be primarily attributed to the insufficient
sample size in the studies. Human and animal models have shown that

ApBoligomer formation occurs before Ag plagues and clinical symptoms
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appear.2¢ Assuming that soluble AS oligomers in AS plaques are free
and exist under certain conditions, the diffusion of soluble Ag oligomers
onto synaptic membranes and other cell surfaces®” may trigger harm-
ful cascade reactions, damaging neurons and synapses.®® In addition,
if the presence of Ag oligomers precedes the formation of Ag plaques,
AB oligomerization may represent the initial stage of Ag plaque forma-
tion. Previous studies have shown that the severity of the disease is not
related to the level of AB plaques but rather to the level of soluble A3
oligomers in the brain.3? Thus, the consideration of AB oligomers may
more closely reflect the pathogenic mechanism of AD.

Several limitations of this study should be noted. First, while per-
forming the Kaplan-Meier curve with the log-rank test, we categorized
OAg into binary high/low levels based on their median values. Since
no universally accepted cutoff values are available and other studies
each used their own criteria to categorize biomarker levels, our results
may not be directly comparable to previous studies. Second, the dif-
ference in follow-up time between converters and non-converters to
AD in the MCI group is big. To address this concern, we supplemented
the analysis of AD conversion rates at 3-year time points. We found
that the conversion rate in the group with high plasma OAg is signifi-
cantly higher than in the low tendency group (Figure S1). However, our
study is a clinical natural observational cohort study. The adherence to
follow-up depends on the willingness of the patients. The potentially
high drop-out rate inevitably contributed to the big difference in the
follow-up duration. Therefore, our findings should be interpreted cau-
tiously. Third, in Figure 5, at follow-up time > 96 months, the incidence
appears toincrease more rapidly in the low strata compared to the high.
This observationis relevant to the relatively small number of cases with
follow-up time exceeding 96 months. Meanwhile, the trend shown in
Figure 5 is visually remarkable, but not statistically significant at 8-,
9-, 10-, and 11-year time points. Therefore, our results may be more
applicable to younger than older elderly participants. Last, compared to
longitudinal studies in ADNI and BioFINDER cohorts,*%4! the sample
size of this study was relatively small, and the follow-up time was rel-
atively short. Further large-sample prospective studies are needed to
verify the utility of various blood biomarkers on MCl-to-AD conversion
with different ethnic backgrounds.

5 | CONCLUSION

Plasma OAg is elevated across the continuum of AD and strongly cor-
relates with the performance of multiple cognitive domains, especially
episodic memory, language function, and attention. MCI individuals
with high OAB are more likely to convert to AD dementia. There-
fore, plasma OAB may be a candidate biomarker for AD. However,
future large-sample studies with longer follow-up duration and higher

adherence to follow-up are warranted.
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