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Non-linear Character of Plasma Amyloid Beta Over the Course of Cognitive Decline in Alzheimer’s Continuum












	 
	ORIGINAL RESEARCH
published: 23 March 2022
doi: 10.3389/fnagi.2022.832700





[image: image]

Non-linear Character of Plasma Amyloid Beta Over the Course of Cognitive Decline in Alzheimer’s Continuum

Feng-Feng Pan1†, Qi Huang2†, Ying Wang1, Yi-Fan Wang1, Yi-Hui Guan2, Fang Xie2* and Qi-Hao Guo1*

1Department of Gerontology, Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, Shanghai, China

2PET Center, Huashan Hospital, Fudan University, Shanghai, China

Edited by:
Yi Li, Cornell University, United States

Reviewed by:
Kensaku Kasuga, Niigata University, Japan
Yi Su, Banner Alzheimer’s Institute, United States

*Correspondence: Qi-Hao Guo, qhguo@sjtu.edu.cn; Fang Xie, fangxie@fudan.edu.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Alzheimer’s Disease and Related Dementias, a section of the journal Frontiers in Aging Neuroscience

Received: 10 December 2021
Accepted: 28 February 2022
Published: 23 March 2022

Citation: Pan FF, Huang Q, Wang Y, Wang YF, Guan YH, Xie F and Guo QH (2022) Non-linear Character of Plasma Amyloid Beta Over the Course of Cognitive Decline in Alzheimer’s Continuum. Front. Aging Neurosci. 14:832700. doi: 10.3389/fnagi.2022.832700

Plasma amyloid-β (Aβ) was associated with brain Aβ deposition and Alzheimer’s disease (AD) development. However, changes of plasma Aβ over the course of cognitive decline in the Alzheimer’s continuum remained uncertain. We recruited 449 participants to this study, including normal controls (NC), subjective cognitive decline (SCD), mild cognitive impairment (MCI), AD, and non-AD dementia. All the participants underwent plasma Aβ42, Aβ40, and t-tau measurements with single-molecule array (Simoa) immunoassay and PET scan with 18F-florbetapir amyloid tracer. In the subgroup of Aβ-PET positive, plasma Aβ42 and Aβ42/Aβ40 ratio was significantly lower in AD than NC, SCD and MCI, yet SCD had significantly higher levels of plasma Aβ42 than both NC and MCI. In the diagnostic groups of MCI and dementia, participants with Aβ-PET positive had lower plasma Aβ42 and Aβ42/40 ratio than participants with Aβ-PET negative, and the increasing levels of plasma Aβ42 and Aβ42/40 ratio indicated lower risks of Aβ-PET positive. However, in the participants with SCD, plasma Aβ42 and Aβ40 were higher in the subgroup of Aβ-PET positive than Aβ-PET negative, and the increasing levels of plasma Aβ42 and Aβ40 indicated higher risks of Aβ-PET positive. No significant association was observed between plasma Aβ and Aβ-PET status in normal controls. These findings showed that, in the continuum of AD, plasma Aβ42 had a significantly increasing trend from NC to SCD before decreasing in MCI and AD. Furthermore, the predictive values of plasma Aβ for brain amyloid deposition were inconsistent over the course of cognitive decline.
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INTRODUCTION

Deposition of amyloid-β (Aβ) plaques and neurofibrillary tangles (NFTs) of tau fibrils are still the primary neuropathological hallmarks of Alzheimer’s disease (AD) (Long and Holtzman, 2019). Though the examination of cerebrospinal fluid (CSF) and PET imaging provide the most reliable AD-related biomarkers of Aβ and tau in vivo (Engelborghs et al., 2008; Brier et al., 2016), the invasive sampling procedure of CSF and high cost of PET image hinder their application in clinical trials and population screening, especially in the preclinical stages of AD. Blood-based biomarkers have the advantages of less invasive, more cost effective and easy to handle, potentially enabling its usage in population screening and follow-up. Owing to the emergence of ultrasensitive technologies such as immunoprecipitation–mass spectrometry (IP–MS) (Kaneko et al., 2014) and single molecule array (Simoa) (Li and Mielke, 2019), measuring AD-related biomarkers in blood becomes increasingly promising. With these high sensitivity measurements, previous studies showed that plasma Aβ was significantly correlated with CSF (Janelidze et al., 2016; Nakamura et al., 2018; Verberk et al., 2018), and had a high performance in predicting cerebral amyloid deposition (Nakamura et al., 2018; Schindler et al., 2019; Vergallo et al., 2019). Consistent with the association between low plasma Aβ and increasing cerebral amyloid deposition, plasma Aβ isoforms and Aβ42/Aβ40 ratio were significantly lower in patients with AD (Rembach et al., 2014; Janelidze et al., 2016; Hanon et al., 2018). Even in the dementia-free populations, lower plasma levels of Aβ42 or Aβ42/Aβ40 ratio are associated with steeper rate of cognitive decline or increased risk of AD and dementia (Chouraki et al., 2015; Giudici et al., 2020; Verberk et al., 2020).

However, even though the significant correlations between low plasma Aβ and AD were identified, confusing findings still remained. For example, in the large sample cohort of Australian Imaging Biomarkers and Lifestyle (AIBL) study, plasma concentrations of Aβ42 and Aβ40 measured by ELISA showed an increasing trend from health controls to mild cognitive impairment (MCI), but decreased from MCI to AD (Lui et al., 2010). Similarly, a population based cross-sectional study found that plasma Aβ42 and Aβ42/Aβ40 ratio in the possible cognitive impairment were higher than both the normal cognition group and probable cognitive impairment group (Wang et al., 2018). A recent longitudinal study showed that plasma Aβ42 levels increased gradually before the stage of MCI and decreased just prior to clinical AD onset (Chen et al., 2019). Taken together, these data suggest a dynamic, non-linear character of plasma amyloid-β over the course of cognitive decline. However, this character of plasma amyloid-β was mostly derived from the patients of MCI and dementia, but not included the preclinical stages of AD, such as subjective cognitive decline (SCD) (Jessen et al., 2014). Furthermore, the status of amyloid deposition in the brain was not sufficiently taken into account when the results were observed.

The aims of this study were to compare plasma Aβ42, Aβ40, and t-tau examined via Simoa immunoassay between the diagnostic groups of normal controls (NC), SCD, MCI, AD dementia and non-AD dementia, respectively in Aβ-PET negative and Aβ-PET positive participants, and to explore the relationships between plasma biomarkers and Aβ-PET status in each diagnostic group with different degrees of cognitive decline.



MATERIALS AND METHODS


Study Participants

In this monocentric retrospective cohort study, a total of 449 individuals were enrolled from Sixth People’s Hospital, Shanghai, China, from January 2019 to June 2021. Participants were aged 40–80 years, educated more than 1 year. Individuals with a history of significant neurologic disease, psychiatric disorders, alcoholism, drug abuse and head trauma were excluded. Routine laboratory tests and cranial MRI scanning were carried out to preclude relevant diseases which may be adversely affecting cognitive function, such as abnormalities in folic acid, vitamin B12, thyroid function, cerebral infarction, subdural hematomas, hydrocephalus, intracranial tumors and infections. All the participants underwent a battery of standardized neuropsychological tests and plasma Aβ42, Aβ40, and t-tau were examined via Simoa immunoassay. All the participants underwent 18F-florbetapir PET scan within 3 months after blood sampling. Written informed consent was obtained from all the participants or their caregivers. The Ethics Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital approved this study.



Neuropsychological Assessment

General cognitive performance was assessed by Mini-Mental State Examination (MMSE) (Katzman et al., 1988) and Chinese version of Montreal Cognitive Assessment-Basic (MoCA-BC) (Huang et al., 2018). Global functional status was assessed by Everyday Cognition (ECOG) (Farias et al., 2008) and Functional Assessment Questionnaire (FAQ) (Pfeffer et al., 1982). In addition, a battery of standardized neuropsychological tests including six neuropsychological indexes was carried out: Auditory Verbal Learning Test (AVLT) (Zhao et al., 2015) 30-min delayed free recall and AVLT recognition for memory, Boston Naming Test (BNT) (Guo et al., 2006) and Animal Verbal Fluency Test (AFT) (Zhao et al., 2013a) for language, Shape Trail Test Part A and B (STT-A and STT-B) (Zhao et al., 2013b) for attention/executive function.



Cognitive Groups

Dementia were diagnosed according to the criteria of Diagnostic and Statistical Manual of Mental Disorders, 4th edition-revised (DSM-IV-R) (American Psychiatric Association [APA], 2000). The diagnosis of AD was made by experienced neurologists according to the National Institute on Aging and Alzheimer’s Association (NIA-AA) criteria for probable AD dementia (McKhann et al., 2011) and determined by the positive results of 18F-florbetapir PET scan. Dementia patients or clinically diagnosed AD patients with the negative results of 18F-florbetapir PET scan were classified as non-AD dementia. In the non-dementia participants, diagnosis of MCI was given if the participant met one of the following criteria proposed by Bondi et al. (2014): (1) impaired scores (defined as >1 standard deviation (SD) below the age-corrected normative mean) on two of the six neuropsychological indexes in the same cognitive domain; (2) impaired scores in each of the three cognitive domains; (3) FAQ score ≥9. Participants with self-reported experiences of persistent cognitive decline compared with previously normal status but performed normally on the standardized neuropsychological tests were classified as SCD according to the conceptual framework proposed by the Subjective Cognitive Decline Initiative (SCD-I) working group (Jessen et al., 2014). Normal controls were recruited through advertisements or from caregivers who had no obvious cognitive complaint and evidence of cognitive dysfunction.



Blood Processing and Measurements of Plasma Aβ42, Aβ40, and t-Tau

Blood samples were centrifuged at 500 × g for 5 min at 4°C to collect plasma. Then plasma was immediately aliquoted into ultra-low adsorption tubes (AXYGEN MCT-150-L-C) on ice and stored at −80°C refrigerator. Before the test, plasma samples were transferred from the refrigerator to ice plate for 30 min, and then centrifuged at 10,000 × g for 5 min at 4°C. The measurements of plasma Aβ42, Aβ40, and t-tau were performed on the Quanterix Simoa HD-1 platform (Wilson et al., 2016), with Neurology 3-Plex A Assay Kit (Lot 502838). Reagent pretreatment and sample loading were carried out according to the instructions of the manufacture. In brief, the plasma samples were diluted 1:4 according to the minimum required dilution (MRD) and the diluted sample volume per measurement was 152 μL. Concentrations of each plasma biomarker (pg/mL) were calculated from the calibration curve. All the biomarker measurements were performed by laboratory technicians who were blinded to the clinical data.



18F-Florbetapir Positron Emission Tomography Acquisition and Analysis

Amyloid PET images were obtained from a PET/CT system (Biograph mCT Flow PET/CT, Siemens, Erlangen, Germany) at the PET center of Huashan hospital, Fudan University. Cerebral amyloid PET scans were carried out 50 min after the intravenous injection of 7.4 MBq/kg (0.2 mCi/kg) florbetapir and lasted for 20 min. PET images were reconstructed using filtered back projection algorithm with corrections for decay, normalization, dead time, photon attenuation, scatter and random coincidences. PET images were coregistered to the individual structural MRI and spatially normalized in the Montreal Neurological Institute (MNI) template. Standard uptake value ratios (SUVRs) were calculated for the cortical regions of interest (ROIs) relative to cerebellar crus, including posterior cingulate, precuneus, temporal, frontal and parietal lobes. Global SUVR scores were calculated by weighted averaging of these ROIs. The positive 18F-florbetapir PET images were defined by the method of visual rating according to the guidelines for interpreting amyloid PET (Lundeen et al., 2018). All the amyloid PET images were judged by three physicians independently and the results were determined if more than two physicians made the same judgment.



Statistical Analyses

Characteristics of the diagnostic groups were compared by one-way analysis of variance (ANOVA) or Chi-squared analyses based on the data types. Differences of plasma Aβ and t-tau among diagnostic groups along with Aβ-PET status were assessed with general linear models adjusted for age, sex and education years. Logistic regression analysis was used to study the relationships between plasma Aβ and 18F-florbetapir PET results. Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated to provide an estimation of the magnitude of associations. All the hypothesis testing was two-sided, and the level of significance was set at α = 0.05. Statistical analyses were conducted using IBM SPSS Statistics 23.0. A graphics package (GraphPad Prism, version 8.0) was used to create figures.




RESULTS


Demographic and Clinical Characteristics

Demographic and clinical characteristics for the groups of NC, SCD, MCI, AD, and non-AD dementia are shown in Table 1. Normal controls were significantly younger and patients of AD and non-AD dementia had a significantly lower education level. There was no significant difference of gender, diabetes prevalence, hypertension prevalence and hyperlipidemia prevalence among the groups. Compared to the participants with NC and SCD, performances of neuropsychological tests decreased significantly for MCI, AD, and non-AD dementia. Individuals of SCD performed worse than NC on AVLT delayed free recall (P = 0.009) and AFT (P = 0.001). For the dementia groups, patients of AD performed worse than non-AD dementia on MMSE (P < 0.001), AVLT delayed free recall (P = 0.030), AVLT recognition (P < 0.001), BNT (P = 0.045), FAQ (P < 0.001) and ECOG (P = 0.029). The 18F-florbetapir PET positive prevalence for the groups of NC, SCD, and MCI were 20.8, 35.1, and 38.7%, respectively. All the 18F-florbetapir PET images were positive for individuals of AD and negative for individuals of non-AD dementia.


TABLE 1. Demographics, neuropsychological tests and 18F-florbetapir PET imaging for NC, SCD, MCI, AD, and non-AD dementia.
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Plasma Aβ42, Aβ40, Aβ42/Aβ40, and t-Tau Among Diagnostic Groups

As shown in Figure 1 and Table 2, in the subgroup of Aβ-PET negative, no significant difference was found for plasma Aβ40, Aβ42/Aβ40 ratio, and t-tau among the diagnostic groups, except for plasma Aβ42 (P = 0.001). Pairwise comparisons indicated that plasma Aβ42 was significantly higher in MCI and non-AD dementia than NC and SCD (P = 0.027 and P = 0.002 for MCI vs. NC and SCD; P = 0.002 and P < 0.001 for non-AD dementia vs. NC and SCD), while no significant difference was found between NC and SCD, or between MCI and non-AD dementia. Though no statistically significant differences between the diagnostic groups overall, the level of plasma Aβ40 in non-AD was significantly higher than in NC and SCD (P = 0.019 and P = 0.048, respectively). In this Aβ-PET negative population, no significant difference of 18F-florbetapir PET SUVR was found between the groups of NC, SCD, MCI, and non-AD dementia (Figure 2).
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FIGURE 1. Pairwise comparisons of plasma Aβ42, Aβ40, and Aβ42/Aβ40 among NC, SCD, MCI, and non-AD dementia with Aβ-PET (–). P-values were adjusted for age, sex, and education years. The black circles represented the outliers.



TABLE 2. Plasma Aβ42, Aβ40, Aβ42/Aβ40, t-tau, and 18F-florbetapir PET SUVR for NC, SCD, MCI, and non-AD dementia in individuals with Aβ-PET (−).
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FIGURE 2. Pairwise comparisons of plasma Aβ42, Aβ40, and Aβ42/Aβ40 among NC, SCD, MCI, and AD dementia with Aβ-PET (+). P-values were adjusted for age, sex, and education years.


The plasma levels of Aβ42, Aβ40, Aβ42/Aβ40 ratio, and t-tau in different diagnostic groups with Aβ-PET positive were shown in Figure 3 and Table 3. Though the differences of plasma Aβ40 and t-tau were not significant, plasma Aβ42 and Aβ42/Aβ40 ratio showed significant differences among the diagnostic groups (P < 0.001 and P = 0.032, respectively). Pairwise comparisons indicated that, besides the significantly lower levels of plasma Aβ42 in AD than all other groups, plasma Aβ42 showed significantly higher in SCD than in NC, MCI, and AD (P = 0.028, P = 0.029, and P < 0.001, respectively), yet no significant difference was found between NC and MCI. Though no statistically significant differences between the diagnostic groups overall, the level of plasma Aβ40 in SCD was significantly higher than in AD and marginally higher than in NC (P = 0.028 and P = 0.066, respectively). The plasma Aβ42/Aβ40 ratio was significantly lower in AD than in NC, SCD, and MCI (P = 0.038, P = 0.008, and P = 0.034, respectively), though no significant difference was found between NC, SCD and MCI. In this Aβ-PET positive population, with the aggravation of cognitive impairment, a significant increasing trend of 18F-florbetapir PET SUVR was observed (P < 0.001). Significant difference of 18F-florbetapir PET SUVR was found between the groups of NC and MCI (P = 0.004), NC and AD (P < 0.001), SCD and AD (P < 0.001), MCI and AD (P = 0.005) (Figure 2).
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FIGURE 3. Pairwise comparisons of global SUVR scores over the course of cognitive decline in participants with Aβ-PET (+) and Aβ-PET (–). P-values were adjusted for age, sex, and education years. The black circles represented the outliers.



TABLE 3. Plasma Aβ42, Aβ40, Aβ42/Aβ40, t-tau, and 18F-florbetapir PET SUVR for NC, SCD, MCI, and AD in individuals with Aβ-PET (+).
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Associations Between Plasma Amyloid-β and Amyloid-β-Positron Emission Tomography in Different Diagnostic Groups

The comparisons of plasma Aβ42, Aβ40 and Aβ42/Aβ40 between the subgroups of Aβ-PET positive and negative were carried out in different diagnostic groups (Figure 4). In the participants with dementia and MCI, both plasma Aβ42 level and Aβ42/40 ratio were significantly lower in the subgroup of Aβ-PET positive than in Aβ-PET negative (P < 0.001 and P = 0.006 in dementia, respectively; both P = 0.008 in MCI), though no significant difference was found for plasma Aβ40. However, in the participants with SCD, both the levels of plasma Aβ42 and Aβ40 were significantly higher in the subgroup of Aβ-PET positive than Aβ-PET negative (P = 0.024 and P = 0.005, respectively), though no significant difference was found for plasma Aβ42/Aβ40 ratio. In the participants with normal controls, no significant difference was observed between the subgroups of Aβ-PET positive and Aβ-PET negative for plasma Aβ42, Aβ40 and Aβ42/Aβ40 ratio. Binary logistic regression models adjusted for age, sex and education years were used to assess the relationship between plasma Aβ and results of 18F-florbetapir PET (Table 4). In all the participants, increasing levels of plasma Aβ42 and Aβ42/Aβ40 ratio (Z-value) had lower risks of Aβ-PET positive (OR = 0.904, 95% CI = 0.843–0.968, P = 0.004 and OR = 0.589, 95% CI = 0.456–0.760, P < 0.001, respectively). In the participants with MCI and dementia, increasing levels of plasma Aβ42 and plasma Aβ42/Aβ40 (Z-value) also indicated lower risks of Aβ-PET positive and showed more pronounced OR values (OR = 0.843, 95% CI = 0.727–0.978, P = 0.024 and OR = 0.369, 95% CI = 0.192–0.708, P = 0.003, respectively in MCI; OR = 0.828, 95% CI = 0.710–0.966, P = 0.016 and OR = 0.261, 95% CI = 0.116–0.586, P = 0.001, respectively in dementia). However, in the participants with SCD, increasing levels of plasma Aβ42 and Aβ40 had higher risks of Aβ-PET positive (OR = 1.308, 95% CI = 1.067–1.602, P = 0.010 and OR = 1.025, 95% CI = 1.010–1.041, P = 0.001, respectively), though no significant association was found between plasma Aβ42/Aβ40 and Aβ-PET positive. In the participants with normal controls, no significant association was observed between plasma Aβ and Aβ-PET results.
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FIGURE 4. Differences of plasma Aβ42, Aβ40, and Aβ42/Aβ40 between Aβ-PET (+) and Aβ-PET (–) in the diagnostic groups of NC, SCD, MCI and dementia. P-values were adjusted for age, sex, and education years.



TABLE 4. Logistic regression analysis on relationship between plasma biomarkers and AV45 PET positive in different groups.
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DISCUSSION

The primary objective of this study was to compare the plasma Aβ42, Aβ40, Aβ42/Aβ40 ratio, and t-tau in a cohort of cognitive decline including NC, SCD, MCI, AD, and non-AD dementia along with their status of Aβ-PET. In the subgroup of Aβ-PET negative, less distinct difference of plasma Aβ were found between the groups of NC, SCD, MCI, and non-AD dementia, which was in agreement with no significant difference of 18F-florbetapir PET SUVR between these groups. In the subgroup of Aβ-PET positive, concentration of plasma Aβ42 and ratio of Aβ42/Aβ40 were significantly lower in AD patients when compared to NC, SCD and MCI, while plasma Aβ40 was less distinct, which was consistent with the previous reports (Rembach et al., 2014; Janelidze et al., 2016; Hanon et al., 2018). Plasma t-tau showed no significant difference among the diagnostic groups either in the subgroup of Aβ-PET negative or in the subgroup of Aβ-PET positive, which was in agreement with the findings in the cohort of BioFINDER (Mattsson et al., 2016). However, it is worth noting that, in the subgroup of Aβ-PET positive, levels of plasma Aβ42 and Aβ40 were obviously higher in the diagnostic group of SCD. Furthermore, plasma Aβ42 showed a significantly non-linear character of initially increasing from NC to SCD, and then decreasing from SCD to MCI and AD. To a great extent, this change was similar to the findings that levels of plasma Aβ were more likely to increase in the early stages of cognitive impairment and decrease prior to clinical AD onset (Lui et al., 2010; Wang et al., 2018; Chen et al., 2019). The significance of this study lies in the fact that this non-linear character of plasma Aβ was determined in the continuum of neurodegenerative process with cerebral amyloid deposition, but not simply associated with the decline of cognitive performance.

In our Aβ-PET positive participants, though SCD showed no significant difference of 18F-florbetapir PET SUVR compared to NC and MCI, and MCI had obviously higher 18F-florbetapir PET SUVR than NC, significantly higher plasma Aβ42 and Aβ40 were still found in SCD, and no significant difference of plasma Aβ was found between the groups of NC and MCI, as observed in previous report (Palmqvist et al., 2019b). This may be attributed to the dynamic exchanges of amyloid-β between central nervous system (CNS) and peripheral blood (Roberts et al., 2014), which was consistent with the previous report that amyloid accumulation was faster in pre-MCI than NC, but similar between MCI and NC (Thomas et al., 2020). At this point, whether the initially elevated level of plasma Aβ in SCD represents more soluble forms of amyloid-β in brain and be a potential window period for anti-Aβ immunotherapy should be concerned and need more studies to confirm. On the other hand, though both plasma Aβ42 and Aβ40 were significantly higher in SCD, plasma Aβ42 showed a continued decline from SCD to MCI and AD, yet no significant difference of plasma Aβ40 was found between SCD and MCI, or between MCI and AD. This was consistent with the fact that plasma Aβ42 and Aβ40 had an initially parallel change followed by a consistent decrease for Aβ42 but a flat line for Aβ40 with disease progression (Palmqvist et al., 2019a). At this point, though the relative ratio of Aβ42 and Aβ40 may normalize the pre-analytical variability and eliminate the inter-individual differences for total Aβ concentration (Wiltfang et al., 2007; Willemse et al., 2017), as plasma Aβ42 and Aβ40 increased parallelly in the group of SCD, the change of Aβ42/Aβ40 ratio in this cognitive stage would inevitably be weakened.

In the present study, relationships between the plasma Aβ and results of 18F-florbetapir PET were assessed in our diagnostic groups of NC, SCD, MCI, and dementia, respectively. As a result, though no significant difference of plasma Aβ was observed between the subgroups of Aβ-PET positive and Aβ-PET negative in normal controls, participants of MCI and dementia showed significantly decreased levels of plasma Aβ42 and Aβ42/Aβ40 ratio in the subgroups of Aβ-PET positive when compared to the subgroups of Aβ-PET negative. However, in the participants with SCD, differences of plasma Aβ in the subgroups of Aβ-PET positive versus to Aβ-PET negative were the significantly increased but not decreased levels of plasma Aβ42 and Aβ40. To our knowledge, extracellular Aβ deposits in the brain can be removed by various clearance systems, such as blood–brain barrier (BBB), glymphatic system and meningeal lymphatic vessels (Tarasoff-Conway et al., 2015), which may play a major role in the Aβ clearance from brain to blood (Roberts et al., 2014). Therefore, the inconsistent changes of plasma Aβ between Aβ-PET positive and negative in different diagnostic groups may be associated with the alteration of Aβ clearance in the continuum of AD. For instance, the indifference of plasma Aβ between the normal controls with Aβ-PET positive and Aβ-PET negative may represent an unchanged level of Aβ clearance from brain to blood in this stage. However, the higher level of plasma Aβ in the group of Aβ-PET positive SCD may be attributed to a compensatory increased transportation of Aβ from brain to blood. With disease progression, the significant decreased plasma Aβ42 in MCI and AD may be partly due to the dysfunction of clearance systems in removing Aβ from brain to blood, though it can also be explained by the increased deposition of Aβ42 into plaques (Potter et al., 2013), rather than an intrinsic defect of clearance system. Either way, though it is typically considered that decreased Aβ clearance contribute to the predominant pathogenesis of late-onset AD (LOAD) (Mawuenyega et al., 2010), the elevated plasma Aβ42 and Aβ40 in SCD with Aβ-PET positive indicated that Aβ clearance from brain to blood was not initially impaired, at least in preclinical AD.

Owning to the invasive procedure of CSF examination and high cost of PET image, blood-based assessments with comparable accuracy in predicting cerebral pathology of AD are urgently needed, especially in population screening. However, even previous studies demonstrated that plasma Aβ could be useful as a potential surrogate for brain Aβ pathology, the performances were not sufficient and discrepancies remained (Janelidze et al., 2016; Verberk et al., 2018; Vergallo et al., 2019; De Meyer et al., 2020; Tanaka et al., 2021). In our current study, we explored the predictive values of plasma Aβ for Aβ-PET positive in NC, SCD, MCI, and dementia, respectively. As a result, plasma Aβ had no predictive value for assessing the risk of Aβ-PET positive in normal controls. In the participants with MCI and dementia, increasing levels of plasma Aβ42 and plasma Aβ42/Aβ40 indicated lower risks of Aβ-PET positive, especially for plasma Aβ42/Aβ40 ratio. However, apparently opposing result was obtained in the participants with SCD, which indicated that increasing levels of plasma Aβ42 and Aβ40 had higher risks of Aβ-PET positive, especially for plasma Aβ42. In view of this inconsistent result, we speculate that the insufficient and discrepancy value of plasma Aβ in predicting brain Aβ pathology in previous studies may be due to the different cognitive status of their study populations. We therefore suggest that the validation of plasma Aβ in predicting brain Aβ pathology should be studied in subgroups with different cognitive functions.

Several limitations should be noted in this study. First, designed as a cross sectional study, longitudinal data are needed to confirm the evolution of plasma Aβ in the continuum of AD. Second, factors that might affect the levels of plasma Aβ were not investigated in this study, such as serum albumin, serum creatinine and other parameters related to Aβ clearance, which may raise the possibility of a measurement bias. Third, though the voxel-based analysis of Aβ PET may be more informative to show Aβ accumulated regions associated with elevated plasma Aβ in SCD, it was not available in this study and we will do this in our future direction.



CONCLUSION

The present study demonstrated that plasma Aβ42 and Aβ42/Aβ40 ratio were significantly lower in AD patients. In the continuum of AD determined by 18F-florbetapir PET, plasma Aβ42 showed a significantly increasing trend from NC to SCD before decreasing in the groups of MCI and AD. In the participants with MCI and dementia, plasma Aβ42 and Aβ42/Aβ40 ratio were significantly lower in the subgroups of Aβ-PET positive than Aβ-PET negative, and their increasing levels had lower risks of Aβ-PET positive. In contrary, individuals of SCD had increased levels of plasma Aβ42 and Aβ40 in the subgroups of Aβ-PET positive and increasing levels of plasma Aβ42 and Aβ40 indicated higher risks of Aβ-PET positive. Our findings encourage future longitudinal investigations on the changes of plasma Aβ along with cerebral amyloid deposition and cognitive decline, and to further explore the mechanisms of non-linear changes of plasma Aβ with disease progression.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

FP analyzed and interpreted the data and was a major contributor in writing the manuscript. QH contributed to the PET experiments and drafted and revised the manuscript. YW performed the blood sample collection and processing. YFW had a major role in the acquisition of data. YG had a major role in PET experiments and data analyses. FX assisted in the PET experiments and revised the manuscript. Q-HG designed and conceptualized the study, and revised the manuscript. All authors read and approved the final version of the manuscript.



FUNDING

This work was supported by the National Key R&D Program of China (Grant Numbers 2016YFC1306305 and 2018YFE0203600), Guangdong Provincial Key S&T Program (Grant Number 2018B030336001), and Clinical Research Plan of SHDC (Grant Number SHDC2020CR2056B).



REFERENCES

American Psychiatric Association [APA] (2000). Diagnostic and Statistical Manual of Mental Disorders (4th edition). United States: American Psychiatric Association.

Bondi, M. W., Edmonds, E. C., Jak, A. J., Clark, L. R., Delano-Wood, L., McDonald, C. R., et al. (2014). Neuropsychological criteria for mild cognitive impairment improves diagnostic precision, biomarker associations, and progression rates. J. Alzheimers. Dis. 42, 275–289. doi: 10.3233/JAD-140276

Brier, M. R., Gordon, B., Friedrichsen, K., McCarthy, J., Stern, A., Christensen, J., et al. (2016). Tau and Abeta imaging, CSF measures, and cognition in Alzheimer’s disease. Sci. Transl. Med. 8:338ra366. doi: 10.1126/scitranslmed.aaf2362

Chen, T. B., Lai, Y. H., Ke, T. L., Chen, J. P., Lee, Y. J., Lin, S. Y., et al. (2019). Changes in Plasma Amyloid and Tau in a Longitudinal Study of Normal Aging, Mild Cognitive Impairment, and Alzheimer’s Disease. Dement. Geriatr. Cogn. Disord. 48, 180–195. doi: 10.1159/000505435

Chouraki, V., Beiser, A., Younkin, L., Preis, S. R., Weinstein, G., Hansson, O., et al. (2015). Plasma amyloid-beta and risk of Alzheimer’s disease in the Framingham Heart Study. Alzheimers. Dement. 11, 249–257.e1. doi: 10.1016/j.jalz.2014.07.001

De Meyer, S., Schaeverbeke, J. M., Verberk, I. M. W., Gille, B., De Schaepdryver, M., Luckett, E. S., et al. (2020). Comparison of ELISA- and SIMOA-based quantification of plasma Abeta ratios for early detection of cerebral amyloidosis. Alzheimers. Res. Ther. 12: 162. doi: 10.1186/s13195-020-00728-w

Engelborghs, S., De Vreese, K., Van de Casteele, T., Vanderstichele, H., Van Everbroeck, B., Cras, P., et al. (2008). Diagnostic performance of a CSF-biomarker panel in autopsy-confirmed dementia. Neurobiol. Aging 29, 1143–1159. doi: 10.1016/j.neurobiolaging.2007.02.016

Farias, S. T., Mungas, D., Reed, B. R., Cahn-Weiner, D., Jagust, W., Baynes, K., et al. (2008). The measurement of everyday cognition (ECog): scale development and psychometric properties. Neuropsychology 22, 531–544. doi: 10.1037/0894-4105.22.4.531

Giudici, K. V., de Souto Barreto, P., Guyonnet, S., Li, Y., Bateman, R. J., Vellas, B., et al. (2020). Assessment of Plasma Amyloid-beta42/40 and Cognitive Decline Among Community-Dwelling Older Adults. JAMA Netw. Open 3:e2028634. doi: 10.1001/jamanetworkopen.2020.28634

Guo, Q. H., Hong, Z., Shi, W. X., Sun, Y. M., and Lv, C. Z. (2006). Boston naming test using by Chinese elderly, patient with mild cognitive impairment and Alzheimer’s dementia. J. Chin. Mental Health 20, 81–85.

Hanon, O., Vidal, J. S., Lehmann, S., Bombois, S., Allinquant, B., Treluyer, J. M., et al. (2018). Plasma amyloid levels within the Alzheimer’s process and correlations with central biomarkers. Alzheimers. Dement. 14, 858–868. doi: 10.1016/j.jalz.2018.01.004

Huang, L., Chen, K. L., Lin, B. Y., Tang, L., Zhao, Q. H., Lv, Y. R., et al. (2018). Chinese version of Montreal Cognitive Assessment Basic for discrimination among different severities of Alzheimer’s disease. Neuropsychiatr. Dis. Treat. 14, 2133–2140. doi: 10.2147/NDT.S174293

Janelidze, S., Stomrud, E., Palmqvist, S., Zetterberg, H., van Westen, D., Jeromin, A., et al. (2016). Plasma beta-amyloid in Alzheimer’s disease and vascular disease. Sci. Rep. 6:26801. doi: 10.1038/srep26801

Jessen, F., Amariglio, R. E., van Boxtel, M., Breteler, M., Ceccaldi, M., Chetelat, G., et al. (2014). A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimers. Dement. 10, 844–852. doi: 10.1016/j.jalz.2014.01.001

Kaneko, N., Nakamura, A., Washimi, Y., Kato, T., Sakurai, T., Arahata, Y., et al. (2014). Novel plasma biomarker surrogating cerebral amyloid deposition. Proc. JPN Acad. Ser. B Phys. Biol. Sci. 90, 353–364. doi: 10.2183/pjab.90.353

Katzman, R., Zhang, M. Y., Ouang Ya, Q., Wang, Z. Y., Liu, W. T., Yu, E., et al. (1988). A Chinese version of the Mini-Mental State Examination; impact of illiteracy in a Shanghai dementia survey. J. Clin. Epidemiol. 41, 971–978. doi: 10.1016/0895-4356(88)90034-0

Li, D., and Mielke, M. M. (2019). An Update on Blood-Based Markers of Alzheimer’s Disease Using the SiMoA Platform. Neurol. Ther. 8, 73–82. doi: 10.1007/s40120-019-00164-5

Long, J. M., and Holtzman, D. M. (2019). Alzheimer Disease: an Update on Pathobiology and Treatment Strategies. Cell 179, 312–339. doi: 10.1016/j.cell.2019.09.001

Lui, J. K., Laws, S. M., Li, Q. X., Villemagne, V. L., Ames, D., Brown, B., et al. (2010). Plasma amyloid-beta as a biomarker in Alzheimer’s disease: the AIBL study of aging. J. Alzheimers. Dis. 20, 1233–1242. doi: 10.3233/JAD-2010-090249

Lundeen, T. F., Seibyl, J. P., Covington, M. F., Eshghi, N., and Kuo, P. H. (2018). Signs and Artifacts in Amyloid PET. Radiographics 38, 2123–2133. doi: 10.1148/rg.2018180160

Mattsson, N., Zetterberg, H., Janelidze, S., Insel, P. S., Andreasson, U., Stomrud, E., et al. (2016). Plasma tau in Alzheimer disease. Neurology 87, 1827–1835. doi: 10.1212/WNL.0000000000003246

Mawuenyega, K. G., Sigurdson, W., Ovod, V., Munsell, L., Kasten, T., Morris, J. C., et al. (2010). Decreased clearance of CNS beta-amyloid in Alzheimer’s disease. Science 330:1774. doi: 10.1126/science.1197623

McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack, C. R. Jr., Kawas, C. H., et al. (2011). The diagnosis of dementia due to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers. Dement. 7, 263–269. doi: 10.1016/j.jalz.2011.03.005

Nakamura, A., Kaneko, N., Villemagne, V. L., Kato, T., Doecke, J., Dore, V., et al. (2018). High performance plasma amyloid-beta biomarkers for Alzheimer’s disease. Nature 554, 249–254. doi: 10.1038/nature25456

Palmqvist, S., Janelidze, S., Stomrud, E., Zetterberg, H., Karl, J., Zink, K., et al. (2019b). Performance of Fully Automated Plasma Assays as Screening Tests for Alzheimer Disease-Related beta-Amyloid Status. JAMA Neurol. 76, 1060–1069. doi: 10.1001/jamaneurol.2019.1632

Palmqvist, S., Insel, P. S., Stomrud, E., Janelidze, S., Zetterberg, H., Brix, B., et al. (2019a). Cerebrospinal fluid and plasma biomarker trajectories with increasing amyloid deposition in Alzheimer’s disease. EMBO Mol. Med. 11:e11170. doi: 10.15252/emmm.201911170

Pfeffer, R. I., Kurosaki, T. T., Harrah, C. H. Jr., Chance, J. M., and Filos, S. (1982). Measurement of functional activities in older adults in the community. J. Gerontol. 37, 323–329. doi: 10.1093/geronj/37.3.323

Potter, R., Patterson, B. W., Elbert, D. L., Ovod, V., Kasten, T., Sigurdson, W., et al. (2013). Increased in vivo amyloid-beta42 production, exchange, and loss in presenilin mutation carriers. Sci. Transl. Med. 5:189ra177. doi: 10.1126/scitranslmed.3005615

Rembach, A., Faux, N. G., Watt, A. D., Pertile, K. K., Rumble, R. L., Trounson, B. O., et al. (2014). Changes in plasma amyloid beta in a longitudinal study of aging and Alzheimer’s disease. Alzheimers. Dement. 10, 53–61. doi: 10.1016/j.jalz.2012.12.006

Roberts, K. F., Elbert, D. L., Kasten, T. P., Patterson, B. W., Sigurdson, W. C., Connors, R. E., et al. (2014). Amyloid-beta efflux from the central nervous system into the plasma. Ann. Neurol. 76, 837–844. doi: 10.1002/ana.24270

Schindler, S. E., Bollinger, J. G., Ovod, V., Mawuenyega, K. G., Li, Y., Gordon, B. A., et al. (2019). High-precision plasma beta-amyloid 42/40 predicts current and future brain amyloidosis. Neurology 93, e1647–e1659. doi: 10.1212/WNL.0000000000008081

Tanaka, T., Ruifen, J. C., Nai, Y. H., Tan, C. H., Lim, C. Z. J., Zhang, Y., et al. (2021). Head-to-head comparison of amplified plasmonic exosome Abeta42 platform and single-molecule array immunoassay in a memory clinic cohort. Eur. J. Neurol. 28, 1479–1489. doi: 10.1111/ene.14704

Tarasoff-Conway, J. M., Carare, R. O., Osorio, R. S., Glodzik, L., Butler, T., Fieremans, E., et al. (2015). Clearance systems in the brain-implications for Alzheimer disease. Nat. Rev. Neurol. 11, 457–470. doi: 10.1038/nrneurol.2015.119

Thomas, K. R., Bangen, K. J., Weigand, A. J., Edmonds, E. C., Wong, C. G., Cooper, S., et al. (2020). Objective subtle cognitive difficulties predict future amyloid accumulation and neurodegeneration. Neurology 94, e397–e406. doi: 10.1212/WNL.0000000000008838

Verberk, I. M. W., Hendriksen, H. M. A., van Harten, A. C., Wesselman, L. M. P., Verfaillie, S. C. J., van den Bosch, K. A., et al. (2020). Plasma amyloid is associated with the rate of cognitive decline in cognitively normal elderly: the SCIENCe project. Neurobiol. Aging 89, 99–107. doi: 10.1016/j.neurobiolaging.2020.01.007

Verberk, I. M. W., Slot, R. E., Verfaillie, S. C. J., Heijst, H., Prins, N. D., van Berckel, B. N. M., et al. (2018). Plasma Amyloid as Prescreener for the Earliest Alzheimer Pathological Changes. Ann. Neurol. 84, 648–658. doi: 10.1002/ana.25334

Vergallo, A., Megret, L., Lista, S., Cavedo, E., Zetterberg, H., Blennow, K., et al. (2019). Plasma amyloid beta 40/42 ratio predicts cerebral amyloidosis in cognitively normal individuals at risk for Alzheimer’s disease. Alzheimers. Dement. 15, 764–775. doi: 10.1016/j.jalz.2019.03.009

Wang, J., Qiao, F., Shang, S., Li, P., Chen, C., Dang, L., et al. (2018). Elevation of Plasma Amyloid-beta Level is More Significant in Early Stage of Cognitive Impairment: a Population-Based Cross-Sectional Study. J. Alzheimers. Dis. 64, 61–69. doi: 10.3233/JAD-180140

Willemse, E., van Uffelen, K., Brix, B., Engelborghs, S., Vanderstichele, H., and Teunissen, C. (2017). How to handle adsorption of cerebrospinal fluid amyloid beta (1-42) in laboratory practice? Identifying problematic handlings and resolving the issue by use of the Abeta42/Abeta40 ratio. Alzheimers. Dement. 13, 885–892. doi: 10.1016/j.jalz.2017.01.010

Wilson, D. H., Rissin, D. M., Kan, C. W., Fournier, D. R., Piech, T., Campbell, T. G., et al. (2016). The Simoa HD-1 Analyzer: a Novel Fully Automated Digital Immunoassay Analyzer with Single-Molecule Sensitivity and Multiplexing. J. Lab. Autom. 21, 533–547. doi: 10.1177/2211068215589580

Wiltfang, J., Esselmann, H., Bibl, M., Hull, M., Hampel, H., Kessler, H., et al. (2007). Amyloid beta peptide ratio 42/40 but not A beta 42 correlates with phospho-Tau in patients with low- and high-CSF A beta 40 load. J. Neurochem. 101, 1053–1059. doi: 10.1111/j.1471-4159.2006.04404.x

Zhao, Q., Guo, Q., and Hong, Z. (2013a). Clustering and switching during a semantic verbal fluency test contribute to differential diagnosis of cognitive impairment. Neurosci. Bull. 29, 75–82. doi: 10.1007/s12264-013-1301-7

Zhao, Q., Guo, Q., Li, F., Zhou, Y., Wang, B., and Hong, Z. (2013b). The Shape Trail Test: application of a new variant of the Trail making test. PLoS One 8:e57333. doi: 10.1371/journal.pone.0057333

Zhao, Q., Guo, Q., Liang, X., Chen, M., Zhou, Y., Ding, D., et al. (2015). Auditory Verbal Learning Test is Superior to Rey-Osterrieth Complex Figure Memory for Predicting Mild Cognitive Impairment to Alzheimer’s Disease. Curr. Alzheimer. Res. 12, 520–526. doi: 10.2174/1567205012666150530202729


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Pan, Huang, Wang, Wang, Guan, Xie and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnagi-14-832700-g003.jpg
Global SUVR scores

Global SUVR scores

P<0.001

20 P<0.001
P=0.004 T
D‘0 005

1.5

1.0 0
NC+ SCD+ MCl+ AD

2.0-_

1.5

1.01—%

| T
NC- SCD- MCI-non-AD





OPS/images/fnagi-14-832700-g002.jpg
Plasma AB42(pg/ml)

Plasma AB42/AB40 (ratio)

P=0.029

P<0.001 -
20+ P=0.028 b P=0.028
P=0.029 -
P=0.014 g 300 P=0.066
15- S
S
>
10— < 200-
©
£
5— ® 100+
o
0 | | | | 0 i T | |
NC SCD MCI AD NC SCD MCI AD
P=0.038
0.10- P=0.008
P=0.034
0.08- T
0.06-
0.04-
0.02- 1
0.00 . I , I
NC SCD MCI AD





OPS/images/fnagi-14-832700-g004.jpg
AB-PET (+) vs AB-PET (-)

AD - Non-AD{ —e— P<0.001
MCI(+) - MCI(-) —— P=0.008
SCD(+) - SCD(-) —o— P=0.024
NC(+) - NC(-)- ~0=—' P=0.452

-6 4 -2 0 2 4
Differences of Plasma AB42 (pg/ml)

AB-PET (+) vs AB-PET (-)

AD - Non-AD- ® P=0.006
MCI(+) - MCI(-) ——— P=0.008
SCD(+) - SCD(-) = » P=0.812
NC(+) - NC(-)- —e—  P=0.19%
| I |
0.02 -001 000  0.01

Differences of Plasma A42/AB40 (ratio)

AB-PET (+) vs AB-PET (-)

AD - Non-ADH »—O—H P=0.127
MCI(+) - MCI(-)- * P=0.996
SCD(+) - SCD(4)- e P=0.005
NC(+) - NC(-)- + P=0.752
| | i | | |

60 40 20 0 20 40 60
Differences of Plasma AB40 (pg/ml)





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Non-linear Character of Plasma Amyloid Beta Over the Course of Cognitive Decline in Alzheimer’s Continuum



		INTRODUCTION



		MATERIALS AND METHODS



		Study Participants



		Neuropsychological Assessment



		Cognitive Groups



		Blood Processing and Measurements of Plasma Aβ42, Aβ40, and t-Tau



		18F-Florbetapir Positron Emission Tomography Acquisition and Analysis



		Statistical Analyses







		RESULTS



		Demographic and Clinical Characteristics



		Plasma Aβ42, Aβ40, Aβ42/Aβ40, and t-Tau Among Diagnostic Groups



		Associations Between Plasma Amyloid-β and Amyloid-β-Positron Emission Tomography in Different Diagnostic Groups







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Non-linear Character of Plasma
Amyloid Beta Over the Course
of Cognitive Decline
in Alzheimer’s Continuum









OPS/images/fnagi-14-832700-t002.jpg
Plasma biomarkers NC (n = 145) SCD (n =50) MCI (n = 68) Non-AD dementia (n = 22) F (P-value)

AB42 (pg/ml) 9.93 & 3.01 9.30 +£2.72 10.83 £ 2.89 11.65 £ 4.41 6.02 (0.001)
AB40 (pg/ml) 183.86 £ 44.15 184.61 £ 36.19 192.59 £ 52.05 209.01 £562.52 1.93 (0.124)
AB42/ABA0 (ratio) 0.0557 £ 0.0172 0.0514 £ 0.0139 0.0585 + 0.0200 0.0555 + 0.0144 2.10(0.101)
T-tau (pg/ml) 250+ 1.23 2.294+0.90 2.42 +1.00 2.32 £0.92 0.27 (0.844)
18F-florbetapir PET SUVR 1.19+£0.07 1.19+£0.07 1.17 £0.08 1.16 + 0.09 0.18 (0.905)

NC, cognitively normal controls; SCD, subjective cognitive decline; MCI, mild cognitive impairment; AD, Alzheimer’s disease; 18F-florbetapir PET, 18F-florbetapir positron
emission tomography, SUVR, standard uptake value ratios. P-values were adjusted for age, sex, and education years with general linear models. The bold values
represented the values with statistical significance.





OPS/images/fnagi-14-832700-t001.jpg
Index

Demographics

Age (years)

Education (years)

Gender (M:F)

Diabetes [n (%))
Hypertension [n (%))
Hyperlipidemia [n (%)]
Neuropsychological tests
MMSE

MoCA-BC

AVLT delayed recall

AVLT recognition

BNT

AFT

STT-A

STT-B

FAQ

ECOG

18F-florbetapir PET positive

NC (n = 183)

61.99 + 8.26
12.75 £ 2.92
73:110

27 (14.8%)
62 (33.9%)
33 (18.0%)

28.21 + 1.56
26.12 + 2.39
5.81 +£2.25
2210 & 1.51
24.75 £ 2.76
17.60 £ 3.99
46.24 + 14.46
116.77 £ 33.65
0.29 &+ 0.91
17.36 £ 5.83
38 (20.8%)

SCD (n =77)

66.39 + 4.54
12.09 + 2.91
26:51

13 (16.9%)
21(27.3%)
13 (16.9%)

27.90 + 1.60
2552 +2.30
5.05 + 2.15
21.64 +1.80
2410+ 2.86
15.69 + 4.20
45.48 £ 1210
127.40 + 39.93
0.77 £ 1.84
18.33 + 5.47
27 (35.1%)

MCI (n = 111)

65.11 + 7.06
11.03 £ 3.16
38:73

13 (11.7%)
33 (29.7%)
16 (14.4%)

26.51 +2.00
21.78 £ 3.38
2.31 £2.07
17.89 £2.73
21.21 +4.01
12.75 £ 38.22
59.25 + 28.65
1566.26 £ 50.63
0.89 &+ 2.20
20.81 +£7.90
43 (38.7%)

AD (n = 56)

64.46 + 7.09
8.49 + 4.46
22:34

7 (12.5%)

11 (19.6%)

7 (12.5%)

17.06 £5.12
13.06 + 4.35
0.44 +£0.75
14.84 £+ 5.46
156.89 £ 6.71
9.26 & 3.59
82.26 + 53.07
171.17 £ 82.56
6.12 +6.95
29.86 + 9.57
56 (100%)

Non-AD dementia (n = 22)

64.27 + 6.22
8.09 £+ 3.22
14:8

5 (22.7%)

10 (45.5%)
3(13.6%)

19.90 £ 4.71
13.85 + 4.68
2.09+1.70
18.18 £ 2.08
18.45 + 4.36
10.27 £ 2.61
73.91 £ 28.87
166.09 £ 70.62
2.45 4+ 2.66
2543 +£8.77
0(0%)

F/x2 (P-value)

6.36 (<0.001)
26.13 (<0.001)
7.61(0.107)
2.35 (0.671)
6.82 (0.145)
1.41 (0.842)

237.37 (<0.001)
238.38 (<0.001)
75.87 (<0.001)

96.61 (<0.001)

51.23 (<0.001)
53.13 (<0.001)
20.38 (<0.001)
18.98 (<0.001)
43.17 (<0.001)
34.22 (<0.001)
129.88 (<0.001)

NC, cognitively normal controls; SCD, subjective cognitive decline; MCI, mild cognitive impairment; AD, Alzheimer’s disease; MMSE, Mini-Mental State Examination;
MoCA-BC, Chinese version of Montreal Cognitive Assessment-Basic; AVLT, Auditory Verbal Learning Test; BNT, Boston Naming Test; AFT, Animal Verbal Fluency Test;
STT-A and B, Shape Trail Test Part A and B; FAQ, Functional Assessment Questionnaire; ECOG, Everyday Cognition; 18F-florbetapir PET, 18F-florbetapir positron

emission tomography.





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





OPS/images/fnagi-14-832700-g001.jpg
Plasma AB42/AB40 (ratio)

Plasma AB42(pg/ml)
2

20-

P=0.002

P=0.027
P<0.001

o

0.25-

0.20-

0.15-

0.10-

0.05-

0.00

| | | |
NC SCD MCINon-AD

TTTT

|
NC SCD MCI Non-AD

Plasma AR40(pg/ml)

400 -

300-

200-

100-

P=0.019

P=0.048

[ | | I
NC SCD MCINon-AD





OPS/images/fnagi-14-832700-t004.jpg
Plasma AB 42 (continuous variable) Plasma AB 40 (continuous variable) Plasma A 42/A8 40 (Z-value)

Group OR (95% CI) P-value OR (95% ClI) P-value OR (95% ClI) P-value
All subjects 0.904 (0.843-0.968) 0.004 1.002 (0.998-1.007) 0.336 0.589 (0.456-0.760) <0.001
NC 0.969 (0.849-1.107) 0.645 1.003 (0.993-1.013) 0.544 0.776 (0.518-1.164) 0.221
SCD 1.308 (1.067-1.602) 0.010 1.025 (1.010-1.041) 0.001 1.095 (0.598-2.003) 0.769
MCI 0.843 (0.727-0.978) 0.024 1.001 (0.993-1.009) 0.770 0.369 (0.192-0.708) 0.003
Dementia 0.828 (0.710-0.966) 0.016 0.990 (0.979-1.001) 0.087 0.261 (0.116-0.586) 0.001

Adjusted for age, gender, and education years. NC, cognitively normal controls; SCD, subjective cognitive decline; MCI, mild cognitive impairment; Dementia, including
AD and non-AD dementia. The bold values represented the values with statistical significance.





OPS/images/fnagi-14-832700-t003.jpg
Plasma biomarkers NC (n = 38) SCD (n =27) MCI (n =43) AD (n = 56) F (P-value)

AB42 (pg/ml) 9.52 +1.89 10.83 £ 3.10 9.45 £ 258 7.80 +2.52 6.59 (<0.001)
AB40 (pg/m) 186.47 + 26.93 211.46 + 47.05 194.72 £ 43.10 186.41 + 49.21 1.78 (0.152)
AB42/AB4O (ratio) 0.0517 £ 0.0110 0.0519 & 0.0136 0.0493 +0.0116 0.0428 + 0.0129 3.01(0.032)
T-tau (pg/ml) 2,05+ 0.84 2.39 £ 0.89 2.41 +£0.99 254 +1.23 2.46 (0.064)
18F-florbetapir PET SUVR 1.23 +0.10 1.28+£0.13 1.35 £ 0.22 1.41+0.22 11.93 (<0.001)

NC, cognitively normal controls; SCD, subjective cognitive decline; MCI, mild cognitive impairment; AD, Alzheimer’s disease; 18F-florbetapir PET, 18F-florbetapir positron
emission tomography, SUVR, standard uptake value ratios. P-values were adjusted for age, sex, and education years with general linear models. The bold values
represented the values with statistical significance.





