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Abstract 

Background Multimer detection system‑oligomeric amyloid‑β (MDS‑OAβ) is a measure of plasma OAβ, which 
is associated with Alzheimer’s disease (AD) pathology. However, the relationship between MDS‑OAβ and disease 
severity of AD is not clear. We aimed to investigate MDS‑OAβ levels in different stages of AD and analyze the asso‑
ciation between MDS‑OAβ and cerebral Aβ deposition, cognitive function, and cortical thickness in subjects 
within the AD continuum.

Methods In this cross‑sectional study, we analyzed a total 126 participants who underwent plasma MDS‑OAβ, 
structural magnetic resonance image of brain, and neurocognitive measures using Korean version of the Consortium 
to Establish a Registry for Alzheimer’s Disease, and cerebral Aβ deposition or amyloid positron emission tomography 
(A‑PET) assessed by  [18F] flutemetamol PET. Subjects were divided into 4 groups: N = 39 for normal control (NC), N = 31 
for A‑PET‑negative mild cognitive impairment (MCI) patients, N = 30 for A‑PET‑positive MCI patients, and N = 22 for AD 
dementia patients. The severity of cerebral Aβ deposition was expressed as standard uptake value ratio (SUVR).

Results Compared to the NC (0.803 ± 0.27), MDS‑OAβ level was higher in the A‑PET‑negative MCI group 
(0.946 ± 0.137) and highest in the A‑PET‑positive MCI group (1.07 ± 0.17). MDS‑OAβ level in the AD dementia group 
was higher than in the NC, but it fell to that of the A‑PET‑negative MCI group level (0.958 ± 0.103). There were negative 
associations between MDS‑OAβ and cognitive function and both global and regional cerebral Aβ deposition (SUVR). 
Cortical thickness of the left fusiform gyrus showed a negative association with MDS‑OAβ when we excluded the AD 
dementia group.

Conclusions These findings suggest that MDS‑OAβ is not only associated with neurocognitive staging, but also with 
cerebral Aβ burden in patients along the AD continuum.
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Background
Alzheimer’s disease (AD) is the most common cause of 
dementia, accounting for 60 to 80 percent of all cases [1]. 
The classic pathophysiological hallmarks of AD, includ-
ing β-amyloid (Aβ), tau protein, and neurodegeneration, 
can be measured using cerebrospinal fluid (CSF) studies 
and imaging techniques [2]. With the recent approval of 
disease-modifying drugs targeting Aβ in the brain, such 
as aducanumab in 2021 [3] and lecanemab in 2023 [4], 
biomarker-based studies are receiving increased atten-
tion. Moreover, serial measurements of biomarkers are 
needed for drug development trials and applicability 
to real clinical settings. However, PET imaging of Aβ, 
tau and fluorodeoxyglucose (FDG), and CSF studies of 
β-amyloid 42 (Aβ42) and 40 (Aβ40), phosphorylated tau 
(p-Tau), and total tau (t-Tau) are expensive, invasive, or 
both, which hinders repetitive collections of these bio-
markers. Thus, many studies have increasingly focused 
on blood-based biomarkers, with recent work showing 
promising results of showing correlation with cerebral 
Aβ deposition by measuring blood level of Aβ [5] and 
p-Tau (pT181, pT217, and pT231) [6–8].

Multimer detection system-oligomeric Aβ (MDS-
OAβ) can measure the oligomerization dynamics or oli-
gomerization tendencies in plasma samples after spiking 
synthetic Aβ [9]. MDS-OAβ selectively detects oligo-
meric forms of Aβ (OAβ) [10, 11]. Research has repeat-
edly shown that patients with dementia due to AD, also 
called AD dementia, had a higher plasma concentration 
of MDS-OAβ compared to normal control (NC) [12, 
13]. The study also found a positive correlation between 
MDS-OAβ and cerebral Aβ deposition severity meas-
ured using the standardized uptake value ratio (SUVR) 
of Pittsburgh compound B (PiB) (MDS-OAβ with PiB 
SUVR; r = 0.430) [12]. A more recent voxel-based mor-
phometry (VBM) study further showed that MDS-OAβ 
level had a correlation with brain volume reduction in 
cortical regions of AD [14]. However, the relationship 
between MDS-OAβ level and disease severity along the 
AD continuum is not clear. A study showed that MDS-
OAβ had a negative correlation with cognitive function, 
but MDS-OAβ did not differ between NC and mild cog-
nitive impairment (MCI) patients [15]. In contrast, others 
found that MCI and dementia patients with positive amy-
loid positron emission tomography (A-PET) had higher 
MDS-OAB level than NC, but MDS-OAβ level showed 
a decreasing trend as the clinical dementia rating (CDR) 
score increased from 0.5 to 1 and 2 [16].

A possible explanation for these contradictory results is 
that subjects’ disease severities were not precisely strati-
fied. One of the two studies did not utilize biomarkers, 
such as A-PET or CSF Aβ measures, and grouped the 
subjects merely based on neurocognitive measures [15]. 

Inevitably, a significant proportion of subjects in the NC 
and MCI groups might have shown overt cerebral Aβ 
deposition if they were tested with A-PET or CSF Aβ 
studies. The second study included subjects who under-
went A-PET, but all MCI subjects included were A-PET-
positive [16]. Thus, the study failed to elucidate whether 
the difference in MDS-OAβ was attributed to the cerebral 
Aβ burden, neurocognitive function, or mixture of the 
two. Moreover, none of the previous studies compared 
MDS-OAβ between A-PET-positive MCI and A-PET-
negative MCI. Likewise, the cerebral Aβ burden of the 
subjects in the VBM analysis was also not confirmed 
using either A-PET or CSF studies. Moreover, only 3% 
(14/162) of subjects had a diagnosis of MCI [14]. Due 
the skewness of subjects, the VBM study was not able to 
correctly investigate association between the MDS-OAβ 
level with that of cortical atrophy in the AD continuum. 
The fact that VBM is known to be more affected by 
diverse cortical gray matter pathologies when compared 
to the cortical thickness measurement is another impor-
tant shortcoming [17].

To fill in this gap, we investigated whether MDS-OAβ 
differed according to stage of AD. We hypothesized that 
MDS-OAβ level would be higher in patients with signifi-
cant cognitive impairment (MCI to dementia), and MDS-
OAβ would differ according to cerebral Aβ in MCI. We 
also investigated the association between MDS-OAβ and 
cerebral Aβ deposition, neurocognitive measures, and 
cortical thickness in subjects along the AD continuum.

Methods
Subjects
A total of 122 subjects consisting of 39 A-PET-negative 
cognitively normal older adults (normal control: NC), 
31 A-PET-negative MCI patients, 30 A-PET-positive 
MCI patients, and 20 A-PET-positive dementia patients 
(AD dementia) were included in the study. Subjects were 
recruited from volunteers in the Catholic Aging Brain 
Imaging (CABI) database, which contains the brain scans 
of patients who visited the outpatient clinic at Catholic 
Brain Health Center, Yeouido St. Mary’s Hospital, The 
Catholic University of Korea, between 2017 and 2022. 
The inclusion criteria for all subjects were as follows: 
[1] age ≥ 55  years and [2] no clinically significant psy-
chiatric disorders (depressive disorder, schizophrenia, 
or bipolar disorder). In terms of NCs, they visited our 
outpatient clinic to undergo a brain examination as part 
of the health checkup. Their normal cognitive functions 
were confirmed with the Korean version of the Con-
sortium to Establish a Registry for Alzheimer’s Disease 
(CERAD-K), which includes a verbal fluency (VF) test, 
the 15-item Boston Naming Test (BNT), the Korean ver-
sion of the Mini-Mental State Examination (MMSE), 
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word list memory (WLM), word list recall (WLR), word 
list recognition (WLRc), constructional praxis (CP), and 
constructional recall (CR) [18]. The criteria for MCI were 
as follows: (1) presence of memory complaints corrobo-
rated by an informant; (2) objective cognitive impairment 
in more than one cognitive domain on CERAD-K (at 
least 1.0 standard deviation (SD) below age- and educa-
tion-adjusted norms), (3) intact activities of daily living 
(ADL); (4) CDR of 0.5; and (5) not demented according 
to the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM)-V criteria. The patients with AD dementia 
met the probable AD criteria proposed by the National 
Institute of Neurological and Communicative Disorders 
and Stroke and AD and Related Disorders Association 
(NINCDS- ADRDA) [19], as well as those proposed by 
the DSM-V with A-PET-positive results [20].

We excluded subjects with the following: (1) systemic 
diseases that can cause cognitive impairment, such as 
thyroid dysfunction, severe anemia, and syphilis infec-
tion; (2) severe hearing or visual impairment; (3) other 
neurological diseases that can cause cognitive impair-
ment, such as brain tumor, encephalitis, and epilepsy; (4) 
clinically significant cerebral infarction or cerebral vascu-
lar disease; (5) prescription medications that may cause 
changes in cognitive function; and (6) contraindications 
for magnetic resonance imaging (MRI) examination. 
Diagnoses of cognitively normal status, MCI, and demen-
tia were conducted separately by two psychiatric special-
ists, and they also confirmed the inclusion and exclusion 
criteria. The study was conducted in accordance with the 
ethical and safety guidelines set forth by the Institutional 
Review Board of Yeouido St. Mary’s Hospital, The Catho-
lic University of Korea (IRB number: SC21TISI0017), and 
all subjects provided written informed consent.

Measurement of Aβ oligomerization in plasma
MDS-OAβ was used to measure the plasma level of OAβ. 
We used an ethylene-diamine-tetraacetic acid (EDTA) 
vacutainer tube to collect subjects’ blood plasma through 
venipuncture. In terms of the sampling process, we fol-
lowed a previous procedure that used EDTA to measure 
MDS-OAβ level [21]. The EDTA plasma was centrifuged 
at 3500 rotations per minute for 15 min at room temper-
ature, and then was stored in 1.5-ml polypropylene tubes 
at a temperature between − 70 and − 80  °C. The samples 
were then sent to PeopleBio Inc. to assess the levels of 
MDS-OAβ. Before analysis, the plasma aliquots were 
defrosted for 15 min at 37 °C. The measurement of MDS-
OAβs was performed utilizing the multimer detection 
system, which has received Conformité Européene (CE) 
marking and has been authorized by the Korean Food 
and Drug Administration [9–15].

MRI acquisition and pre‑processing for morphometric 
analysis
All study participants received MRI scans using a Sie-
mens MAGETOM Skyra machine with Siemens head 
coils. The T1-weighted three-dimensional magneti-
zation-prepared rapid gradient-echo (3D-MPRAGE) 
sequence used the following parameters: time to echo 
(TE) of 2.6 ms, repetition time (TR) of 1940 ms, inver-
sion time of 979  ms, field-of-view (FOV) of 230  mm, 
matrix of 256 × 256, and voxel size of 1.0 × 1.0 × 1.0mm3. 
In terms of pre-processing, we utilized the FreeSurfer 
software (version 6.0.0, available online at https:// 
surfer. nmr. mgh. harva rd. edu) to perform cortical recon-
struction and volumetric segmentation of the whole 
brain [22]. The process involved several steps, which 
have been described previously [23]. Briefly, the steps 
included removal of non-brain tissue using a hybrid 
watershed algorithm, bias field correction, automated 
Talairach transformation, and segmentation of subcor-
tical white matter (WM) and deep gray matter (GM) 
structures. Afterward, we normalized the intensity 
and inflated the cortical surface of each hemisphere to 
locate both the pial surface and the GM/WM bound-
ary, which allowed us to compute cortical thickness 
using the shortest distance between the two surfaces 
at each point across the cortical mantle [24]. For the 
entire cortex analyses, we smoothed the cortical map of 
each subject using a Gaussian kernel with a full width 
at half-maximum (FWHM) of 10 mm. Finally, we par-
cellated the cerebral cortex based on gyral and sulcal 
information implemented in FreeSurfer.

Amyloid positron emission tomography
All participants received PET scans using 18F-flutemet-
amol (18F-FMM). Information about the production of 
18F-FMM, data collection, and analytical results was 
previously described [25]. T1 MRI images were used for 
each participant to co-register, define regions of inter-
est, and correct partial volume effects caused by cer-
ebral atrophy. The analysis of 18F-FMM PET data was 
based on the standardized uptake value ratio (SUVR) 
90  min post-injection. In terms of regional SUVR 
values, we measured six cortical regions of interest 
(frontal, superior parietal, lateral temporal, striatum, 
anterior cingulate cortex, and posterior cingulate cor-
tex/precuneus) using PMOD Neuro Tool. Thereafter, 
the global Aβ burden in the brain was acquired by aver-
aging the SUVR values of these six cortical ROIs using 
the PMOD Neuro Tool. Lastly, two nuclear medicine 
radiologists confirmed the presence of Aβ deposition 
using visual readings.

https://surfer.nmr.mgh.harvard.edu
https://surfer.nmr.mgh.harvard.edu
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Statistical analysis
We used a free and open-source data analysis tool, 
Jamovi (Version 2.3.18.0), to conduct statistical analy-
sis [26]. We used the analysis of variance (ANOVA) 
to assess potential differences between groups (NC, 
A-PET-negative MCI, A-PET-positive MCI, and AD 
dementia) for continuous variables and the chi-square 
test for categorical variables. When the group differ-
ence was statistically significant, Bonferroni tests were 
utilized for post hoc analysis. A two-tailed α level of 
0.05 was chosen to indicate statistical significance for 
all statistical tests.

Results
Baseline demographic and clinical data
Table 1 shows the baseline demographic data of the NC 
(n = 39), A-PET-negative MCI (n = 31), A-PET-positive 
MCI (n = 30), and AD dementia (n = 22) groups. All 
variables were normally distributed, and there were no 
significant differences in sex ratio and education level 
among the 4 groups. The NC group had a significantly 
lower age than the A-PET-positive MCI and AD demen-
tia groups (P < 0.05 for ANOVA and for post hoc analysis 
with Bonferroni correction), but there were no signifi-
cant differences in age among the A-PET-negative MCI, 
A-PET-positive MCI, and AD dementia groups. Global 
cerebral Aβ deposition, or global SUVR values, were 

significantly higher for A-PET-positive MCI and AD 
dementia groups than for CN and A-PET-negative MCI 
groups (P < 0.001 for ANOVA and P < 0.05 for post hoc 
analysis with Bonferroni correction). In terms of neu-
ropsychological measures, group differences were noted 
in the order of CN > A-PET-negative MCI > A-PET-
positive MCI > AD dementia groups (P < 0.001 for 
ANOVA and P < 0.05 post hoc analysis with Bonferroni 
correction).

Plasma MDS‑OAβ, cerebral Aβ deposition, 
and neuropsychological measures
There was a group difference in MDS-OAβ level 
(P < 0.001 for ANOVA). Post hoc analysis showed that 
MDS-OAβ level was highest in the A-PET-positive 
MCI group (1.07 ± 0.17) and lowest in the NC group 
(0.803 ± 0.27). MDS-OAβ level was not significantly dif-
ferent between A-PET-negative MCI (0.946 ± 0.137) and 
AD dementia (0.958 ± 0.103) groups (CN < A-PET-neg-
ative MCI & AD dementia < A-PET-positive MCI, for all 
p < 0.05 Bonferroni corrected (Fig. 1).

Figure 2 shows the results of the correlation analysis 
between MDS-OAβ level and cerebral AB deposition 
level (SUVR). Global SUVR (r = 0.323, p < 0.001) and 
regional SUVR of the PCC/PC (r = 0.344, p < 0.001), 
striatum (r = 0.253, p < 0.01), frontal lobe (r = 0.291, 
p < 0.001), parietal lobe (r = 0.247, p < 0.01), and lateral 

Table 1 Demographic and clinical characteristics of the study participants

a Bonferroni corrected for multiple corrections

BNT 15-Item Boston Naming Test, CERAD-K The Korean Version of Consortium to Establish A Registry For Alzheimer’s Disease, CDR Clinical Dementia Rating, CP 
Constructional Praxis, CR constructional recall, MMSE Mini-Mental Status Examination, NS not significant, SD standard deviation, VF verbal fluency, WLRc word list 
recognition, WLM word list memory, WLR word list recall

A‑PET negative NC 
(N = 39)

A‑PET negative MCI 
(N = 31)

A‑PET positive MCI 
(N = 30)

AD dementia (N = 22) P value

Age (years ± SD) 73.05 (5.68) 75.68 (6.41) 77.27 (7.22) 77.77 (6.93) 0.02

Post hoca NC < PET − MCI, PET + MCI, and AD dementia; others no statistical difference

Education (years ± SD) 11.82 (4.56) 9.14 (4.71) 10.90 (5.40) 9.50 (6.07) NS

Sex (M:F) 10:29 9:22 13:17 8:14 NS

SUVR (mean ± SD) 0.50 (0.076) 0.51 (0.069) 0.75 (0.081) 0.795 (0.094)  < .001

Post hoca NC = PET − MCI < PET + MCI and AD dementia

  APOE4 (%) 12.8 19.4 56.7 57.1  < .001

CERAD‑K Battery (SD)
  VF 14.77 (4.05) 10.32 (4.23) 10.63 (2.74) 5.96 (3.15)  < .001

  BNT 12.67 (1.72) 9.39 (3.32) 10.53 (2.33) 7.09 (3.96)  < .001

  MMSE 28.23 (1.69) 23.36 (3.56) 22.27 (3.36) 16.14 (4.99)  < .001

  WLM 18.69 (3.29) 13.94 (3.23) 13.37 (3.41) 8.77 (4.15)  < .001

  CP 9.97 (1.29) 8.68 (1.81) 9.47 (1.74) 8.27 (2.33)  < .001

  WLR 6.15 (1.44) 3.42 (1.65) 2.53 (1.87) 1.32 (1.43)  < .001

  WLRc 9.23 (1.11) 7.23 (2.26) 6.13 (2.27) 3.32 (2.21)  < .001

  CR 7.28 (2.32) 3.45 (2.38) 2.53 (3.25) 1.5 (2.24)  < .001

  CERAD total score 71.49 (9.25) 52.97 (11.12) 52.67 (8.92) 34.73 (12.65)  < .001
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Fig. 1 MDS‑OAß level according to disease stage of AD + Analysis of variance (ANOVA), * Post hoc analysis with Bonferroni correction. AD: 
Alzheimer’s disease; A‑PET: Amyloid‑PET scan; CN: A‑PET negative cognitive normal older adults; MCI: Mild cognitive impairment

Fig. 2 Association between MDS‑OAß level and global and regional cerebral beta amyloid deposition in all subjects PC: Precuneus; PCC: Posterior 
cingulate cortex; SUVR: Standardized uptake volume ratio
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temporal lobe (r = 0.252, p < 0.01) showed a positive 
correlation with MDS-OAβ (Fig.  2A ~ F). Since the 
group analysis showed that MDS-OAβ was lower in 
the AD dementia group than in the A-PET-positive 
MCI group, we conducted an additional correlation 
analysis after excluding patients with AD demen-
tia. The positive association between MDS-OAβ and 
SUVR persisted with a higher correlation coefficient: 
Global SUVR (r = 0.367, P < 0.001) and regional SUVR 
of PCC/PC (r = 0.417, p < 0.001), striatum (r = 0.353, 
p = 0.002), frontal lobe (r = 0.360, P < 0.001), parietal 
lobe (r = 0.248, p = 0.008), and lateral temporal lobe 
(r = 0.340, p = 0.001) (Fig. 3).

The associations between MDS-OAβ and neu-
ropsychological measures of the CERAD-K were also 
analyzed (Fig.  4A ~ F). The results showed a nega-
tive correlation between MDS-OAβ and MMSE score 
(r =  − 0.173, P < 0.05), word list memory (r =  − 0.211, 
P < 0.05), word list recall (r =  − 0.309, P < 0.001), word 
list recognition (r =  − 0.218, P < 0.01), constructional 
recall (r =  − 0.233, P < 0.01), and total score (r =  − 0.20, 
P < 0.05).

Cortical thickness and MDS‑OAβ level
There was no statistically significant association between 
MDS-OAβ and cortical thickness. When we excluded 
patients with AD dementia, MDS-OAβ showed a nega-
tive correlation with the cortical thickness of the left fusi-
form (age as a covariate; p < 0.05, multiple comparisons 
by Monte Carlo simulation; Fig. 5).

Discussion
To the best of our knowledge, this is the first study to 
investigate MDS-OAβ in A-PET-confirmed patients hav-
ing different stages of AD. In line with previous research 
showing that MDS-OAβ peaked in MCI and lowered as 
the disease progressed [16], we showed that MDS-OAβ 
was highest in the A-PET-positive MCI group. Previous 
studies have not distinguished patients’ cerebral Aβ sta-
tus using A-PET or CSF studies. Thus, we are the first to 
show that MDS-OAβ was higher in subjects with A-PET-
positive MCI (1.07 ± 0.17) than in subjects with A-PET-
negative MCI (0.946 ± 0.137). Our results indicated that 
the MDS-OAβ has a potential as a pre-screening tool for 
brain amyloidosis even in the MCI population.

Fig. 3 Association between MDS‑OAß level and global and regional cerebral beta amyloid deposition in subjects with MCI only PC: Precuneus; PCC: 
Posterior cingulate cortex; SUVR: Standardized uptake volume ratio



Page 7 of 11Wang et al. Alzheimer’s Research & Therapy           (2024) 16:55  

Fig. 4 Association between MDS‑OAß level and neuropsychological measure *P < 0.05, **P < 0.01, ***P < 0.001; CERAD‑K: The Korean Version 
of Consortium to Establish A Registry For Alzheimer’s Disease; CR: Constructional Recall; MMSE: Mini‑Mental Status Examination; WLRc: word list 
recognition; WLM: word list memory; WLR, word list recall

Fig. 5 Association between MDS‑OAß level and cortical thickness excluding AD dementia group Correlations analysis showed a negative 
correlation between plasma MDS‑OAβ levels and left fusiform excluding AD dementia group (T‑map, p < 0.05, thresholded at Monte Carlo Null‑Z 
simulation)
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PET scans are known to measure cumulative effects 
and capture topographic information of insoluble aggre-
gates of cerebral Aβ [27, 28]. In contrast, blood-based 
biomarkers may reflect net rates of production and clear-
ance of Aβ in near real time [5–7]. Thus, blood-based 
biomarkers and neuroimaging biomarkers may not 
necessarily manifest identical results and exhibit diver-
gent timing in exhibiting abnormal findings. Taken this 
account, the 2023 Revised Criteria for Diagnosis and 
Staging of Alzheimer’s Disease has incorporated blood-
based biomarkers as one of the two important pivots 
[29]. The criteria distinguished between imaging and 
fluid analyte biomarkers, and it suggested that the blood-
based and neuroimaging biomarkers are not interchange-
able but rather should be used complementary of each 
other. Moreover, even within the blood-based biomarkers 
of tau or T, the timing of abnormality onset also varied 
among. The p-tau 217, p-tau 181, and p-tau 231 became 
abnormal around the same time as A-PET [30–32], but 
MTBR-243 and non-phosphorylated tau fragments cor-
related more strongly with tau-PET [33, 34]. In this per-
spective, the MDS-OAβ might be used in tandem with 
other blood-based and neuroimaging biomarkers. Nev-
ertheless, additional studies investigating association 
between MDS-OAβ and other blood-based and neuro-
imaging biomarkers are required to understand clinical 
utility of MDS-OAβ in the trajectory of AD.

It is not clear why patients with AD dementia showed 
lower MDS-OAβ level than patients with A-PET-positive 
MCI. The contemporary amyloid cascade hypothesis 
suggests that OAβ-dependent toxicity precedes amyloid 
plaque formation, and OAβ is present at earlier stages 
of the disease [35]. Others showed that the plasma ratio 
of Aβ1–42/Aβ1–40 increased in the early stages of AD but 
decreased as Aβ1–42, a monomer that is most prone to 
misfolding and aggregation, is deposited into Aβ plaques 
during progression of the disease [36–38]. Two longi-
tudinal studies further showed that patients in the AD 
continuum had higher baseline level of Aβ1–42, and a sig-
nificant decrement of plasma Aβ1–42 from baseline was 
associated with progression of MCI to AD dementia [39, 
40]. Taken together, these findings indicate that MDS-
OAβ decreased as more of the OAβ was aggregated into 
Aβ plaques along with advancement of AD severity. In 
line with our hypothesis, a study measuring CSF OAβ 
showed that OAβ increased at the onset of the disease, 
elevated as the disease progressed, and later fell as the 
disease became more severe [41]. However, longitudinal 
studies are needed to confirm our theory.

Our results confirmed those of previous studies that 
found a negative association between MDS-OAβ and 
cognitive functions [15]. More importantly, our findings 
that MDS-OAβ was positively associated with global 

and regional cerebral Aβ are also consistent with those 
of previous research [12]. Since the earlier studies only 
included NC and patients with AD dementia [12] or cere-
bral Aβ status-undefined subjects [15], they were not able 
to elucidate whether the association was due to cognitive 
function or cerebral Aβ deposition. We advanced previ-
ous research by including diverse patients along the AD 
continuum with cerebral Aβ status defined using A-PET 
and neurocognitive function measured using CERAD-
K. Thus, we were able to show that MDS-OAβ was not 
only associated with neurocognitive measures but also 
with cerebral Aβ per se. Previous studies have indicated 
that the level of OAβ was correlated with the extent of 
synaptic loss, which would decrease hippocampal func-
tion [42]. Since we included patients from CN to AD 
dementia, OAβ associated synaptic loss and cognitive 
decline might have been more prominent. Nevertheless, 
multi-center studies using larger sample sizes are needed 
to verify our results.

In line with previous research, patients with A-PET 
negative MCI showed higher MDS-OAβ level than the 
NC [14]. Subthreshold level of Aβ deposition is known 
to increases risk of conversion to dementia in patients 
with A-PET negative MCI [43]. A significant number of 
A-PET-negative MCI subjects in our study might had 
subthreshold amyloid pathology, which might have con-
tributed to higher oligomerization tendency than NC. In 
another perspective, MDS-OAβ is known to be associ-
ated with neurodegeneration [14]. Thus, a large propor-
tion of subjects in the A-PET-negative MCI group might 
had higher neurodegeneration associated with non-amy-
loid pathology. Additional studies investigating correla-
tion between MDS-OAβ and non-amyloid pathology are 
needed to confirm our speculation.

A study using VBM analysis already showed that 
MDS-OAβ was associated with cortical atrophy in cer-
ebral Aβ status-undefined subjects, but the study mainly 
included cognitively normal older adults and those with 
AD dementia [14]. We advanced previous findings and 
found novel results that MDS-OAβ had a negative asso-
ciation with cortical thickness in subjects ranging from 
NC, A-PET-negative MCI, and A-PET-positive MCI. 
Recent studies suggested that soluble AβOs are asso-
ciated with earlier stages of AD than the fibrillar Aβ of 
neuritic plaques [44]. Collectively, based on our group 
analysis which showed that MDS-OAβ was lower in AD 
dementia than in A-PET-positive MCI patients, MDS-
OAβ could be closely linked with earlier neurodegen-
erative processes in the AD continuum. The detrimental 
downstream cascade of neurodegeneration after the dis-
ease has progressed to dementia could be more depend-
ent on pathologies other than OAβ, such as tau proteins 
[45, 46]. The anatomical lesion, fusiform gyrus, showing 
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negative association with MDS-OAβ, is also noteworthy. 
The fusiform gyrus is known to be involved in facial and 
lexical recognition, and it is one of the first brain areas 
to be affected during the progression of AD [47, 48]. In 
addition, a previous study demonstrated that atrophy of 
the fusiform gyrus occurs early in the AD trajectory as a 
consequence of Aβ within the hippocampus [49]. Others 
showed that fusiform gyrus is one of the regions exhibit-
ing early elevation in tau-PET uptake [50]. A significant 
number of our participants might already had Aβ asso-
ciated high cerebral tau burden and consequent neuro-
degeneration in fusiform gyrus. However, longitudinal 
studies combining multiple pathologies including Aβ, 
tau, and neurodegeneration are needed to elucidate neu-
robiological mechanisms underlying the role of OAβ in 
the AD continuum.

Our study contains several limitations. It was per-
formed with samples collected from a single center, which 
may limit the generalizability of our results. This was a 
cross-sectional study, so the results can only elucidate 
correlations and have limited ability to interpret causal 
relations. We did not include patients with moderate to 
severe dementia or those with a CDR score of 2 or higher. 
Thus, we were unable to investigate whether MDS-OAβ 
decreases further as dementia severity progresses. We 
did not undertake tau-PET and plasma tau levels, so we 
were unable to investigate correlation between MDS-
OAβ with that of phosphorylated or secreted AD tau and 
AD tau proteinopathy.

Conclusions
We showed that MDS-OAβ increased when neurocogni-
tive symptoms became clinically apparent, was height-
ened with higher cerebral Aβ burden, and decreased 
as the disease progressed further to dementia. MDS-
OAβ was positively associated with cerebral Aβ burden 
throughout the different stages of AD. There also was a 
negative association between MDS-OAβ and cortical 
thickness among cognitively normal older adults and 
MCI patients. These findings suggest that the MDS-OAβ 
reflects earlier AD pathology, and it is not only associ-
ated with neurocognitive staging but is also correlated 
with the cerebral Aβ burden in patients along the AD 
continuum.
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