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Abstract

Keywords:

Introduction: We investigated the relationship of plasma amyloid beta (AB) with cerebral deposi-
tion of AP and tau on positron emission tomography (PET).

Methods: Forty-four participants (18 cognitively normal older adults [CN], 10 mild cognitive
impairment, 16 Alzheimer’s disease [AD]) underwent amyloid PET and a blood draw. Free
and total plasma AB40 and AP42 were assessed using a validated assay. Thirty-seven partici-
pants (17 CN, 8 mild cognitive impairment, 12 AD) also underwent a [18F]ﬂortaucipir scan.
Scans were preprocessed by standard techniques, and mean global and regional amyloid and
tau values were extracted. Free AP42/AB40 (AP F42:F40) and total APB42/AB40 (AP
T42:T40) were evaluated for differences by diagnosis and relation to PET AP positivity. Rela-
tionships between these measures and cerebral AP and tau on both regional and voxel-wise ba-
sis were also evaluated.

Results: Lower AB T42:T40 was associated with diagnosis and PET A positivity. Lower plasma A
T42:T40 ratios predicted cerebral A positivity, both across the full sample and in CN only. Finally,
lower plasma AP T42:T40 ratios were associated with increased cortical AP and tau in AD-related
regions on both regional and voxel-wise analyses.

Discussion: Plasma A} measures may be useful biomarkers for predicting cerebral AP and tau.
Additional studies in larger samples are warranted.

© 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Blood biomarkers; Amyloid positron emission tomography (PET); Tau positron emission tomography (PET); Alz-
heimer’s disease (AD); mild cognitive impairment (MCI)

1. Introduction

Alzheimer’s disease (AD) is the most common neurode-
generative disease associated with aging. AD affects 5.7
million individuals in the United States, a number that is ex-
pected to rise to nearly 14 million by 2050 [1]. Early detec-
tion is increasingly considered critical, in that interventions
designed to slow or stop disease progression during early
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stages are likely to be most effective. To identify individuals
at risk for progression to AD, numerous biomarkers are be-
ing investigated, including neuroimaging measures, sensory
measures, digital biomarkers, blood levels of target proteins,
and many others.

Recent advances in blood-based assays have suggested
that levels of amyloid beta (AB) can be precisely measured
and are associated with levels of AP in the brain, making
them good potential biomarkers for AD-risk screening and
early detection. Specifically, previous studies have sug-
gested that plasma levels of AP, tau, and other target pro-
teins, such as neurofilament light, amyloid precursor
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protein, and others, are altered in patients with AD and those
in the prodromal stage of AD, mild cognitive impairment
(MCI). A number of studies have suggested that plasma
AB42 and APB40 measures, as well as the ratio of AB42/
APB40 are reduced in patients with AD and MCI and that
these plasma biomarkers can predict the presence of AD
and MCI and progression from normal to impaired cognition
[2-18]. However, other studies have shown that higher
plasma AP measures are associated with AD and
conversion to AD [19-24]. Still, others have found no
significant relationship [25,26]. Reduced plasma A has
also been linked to poorer cognition [6,7,19,21,27-30]. In
addition, some studies have suggested that plasma levels
of AB42 and AP40 are associated with the levels of
cerebral AP on positron emission tomography (PET),
cerebrospinal fluid levels of AP and tau, and AD-like brain
atrophy [4.,7,8,11,16,17,24,31-38], while others have not
seen such an association [25,39,40]. These conflicting
results may be due to the type of plasma markers
measured and the methodologies used to extract these
values. For example, owing to its hydrophobicity, AR
peptides interact with many proteins of the plasma matrix
such as albumin, o2-macroglobulin, or lipoproteins among
others [41,42]. This could cause epitope masking,
hindering the recognition of up to 50% of these amyloid
peptides in the immunoassays [43]. This matrix effect could
affect the reliability of A peptide quantifications in an indi-
vidual. To deal with this, we decided to measure both the free
and total amount of these peptides in plasma in the present
study. Another factor that may influence the relationship be-
tween plasma AP analyte levels and other outcomes is the
role of genetic variation, particularly apolipoprotein E
(APOE) [44]. Finally, a recent study also showed a signifi-
cant association of the tau/AB42 ratio with tau PET in a
largely cognitively normal (CN) Korean sample [37].

The goal of the present study was to investigate a measure
of plasma AB42 and AB40 in a cohort of participants who are
CN or are diagnosed with MCI or AD. Our initial goal is to
replicate previous studies showing that plasma A measures
are linked to the presence of cerebral AP on PET. Further-
more, we extend these analyses to also investigate whether
plasma AB42 and AB40 are associated with cerebral tau
deposition on PET. The overall purpose of this study is to
establish whether this plasma AP measure represents a
promising biomarker for potential screening and early diag-
nosis of those at risk for AD.

2. Methods
2.1. Participants

Forty-four participants (18 CN, 10 MCI, 16 AD) from
the Indiana Memory and Aging Study (IMAS) at the Indi-
ana Alzheimer Disease Center were included in this study.
All participants underwent an amyloid PET scan with
either [lgF]ﬂorbetapir or [ISF]ﬂorbetaben, cognitive and

clinical assessment, and a blood sample. Thirty-seven par-
ticipants also were studied with tau PET using [18F]ﬂortau—
cipir. Diagnoses were made by clinician consensus using
standard criteria. Briefly, participants with MCI had a sig-
nificant complaint about their cognition from themselves
and/or an informant or clinician, as well as a significant
deficit (>1.5 standard deviation below normal) in either
memory or another cognitive domain, but with no signifi-
cant decline in daily functioning. Patients with AD showed
significant impairment on cognitive measures and a decline
in daily functioning and met criteria for an AD diagnosis
according to the updated National Institute of Neurological
and Communicative Disorders and Stroke and the Alz-
heimer’s Disease and Related Disorders Association
criteria [45].

All procedures were approved by the Indiana University
School of Medicine Institutional Review Board, and
informed consent was obtained according to the Declaration
of Helsinki and the Belmont Report.

2.2. Plasma AQ assay

The AP assays to evaluate AB40 and AB42 (ABtest40 and
ABtest42) were developed by Araclon Biotech Ltd (Zara-
goza, Spain). These are two validated colorimetric tests
based on a sandwich enzyme-linked immunosorbent assay
technique, as previously described [43]. AB40 and AP42
are measured separately first in an undiluted plasma sample,
which allows the detection of the amount of A} which is
readily available for immunoassay detection (free in plasma,
FP) and then in another aliquot of the same sample, diluted
1:3 in a proprietary buffer specifically formulated to break
the interaction of the A peptides with other plasma compo-
nents (total in plasma fraction, TP). All the samples were
analyzed in duplicates in a single assay to avoid interassay
variability. In addition, all samples were processed blinded
to the diagnostic group or amyloid status. We analyzed
two ratios, free plasma AB42 to free AB40 (AP F42:F40)
and total plasma AP42 to total AR40 (AR T42:T40), as
they had been previously shown to correlate with amyloid
positivity [5,13,16,36].

2.3. Amyloid PET

[ISF]Florbetapir (AmyVid; Eli Lilly and Co.) or [18F]ﬂor-
betaben (Neuraceq; Piramal Ltd.) were acquired on all
participants. Briefly, ['®F]florbetapir scans were initiated
by an intravenous injection of approximately 10 mCi of
["®F)florbetapir. After a 50-minute uptake period, partici-
pants were imaged on a Siemens mCT for 20 minutes
(50-70 minutes) using continuous list mode data acquisi-
tion. ['F]Florbetaben scans involved the intravenous
administration of approximately 8 mCi of ['*F]florbetaben.
After a 90-minute uptake period, PET data were acquired
for 20 minutes (90-110 minutes) using continuous list
mode acquisition on a Siemens mCT. A computed
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tomography scan was acquired for both scans for scatter and
attenuation correction. List mode data were subsequently re-
binned into four 5-minute frames for both types of amyloid
PET scans and reconstructed using parameters from the Alz-
heimer’s Disease Neuroimaging Initiative protocol (http://
adni.loni.usc.edu), with corrections for scatter and random
coincidence events, attenuation, and radionuclide decay.
The four 5-minute frames for each type of amyloid PET
scan were spatially aligned to each subject’s T1-weighted
structural magnetic resonance imaging, motion corrected,
and normalized to Montreal Neurologic Institute space, us-
ing Statistical Parametric Mapping 8 (SPM8). For ['*F]flor-
betapir, the frames were averaged to create a 50-70 minute
static image, while for [ISF]ﬂorbetaben, the frames were
averaged to create a 90-110 minute static image. Finally,
static images were intensity normalized to the whole cere-
bellum to create standardized uptake value ratio (SUVR) im-
ages and smoothed with an 8-mm full-width half maximum
Gaussian kernel. The whole cerebellum region of interest
(ROI) was taken from the Centiloid project (http:/www.
gaain.org/centiloid-project/; [46]). ['®F]Florbetapir and
[ISF]ﬂorbetaben scans were then processed with the
Centiloid algorithm at a voxel-wise level as previously
defined by the Centiloid project (http://www.gaain.org/
centiloid-project/; [46]). Refer to the study by Risacher
et al. [47] for more information. Regional [18F]ﬁ0rbetapir
and ['®F]florbetaben data (Centiloid units [CL]) were ex-
tracted from target ROIs, including the global cortex, lateral
parietal lobe, and precuneus, generated using FreeSurfer
version 5.1 (average of segmentations and parcellations
from 30 CN older adult individuals from Alzheimer’s
Disease Neuroimaging Initiative-2) and extracted using
MarsBaR [48]. A CL value of >10 was considered as amy-
loid positive [46,49,50].

2.4. [18F]Flortaucipir PET

The ['®F]flortaucipir PET was initiated by intravenous in-
jection of approximately 10 mCi of ['®F]flortaucipir. After a
75-minute uptake, participants are imaged for 30 minutes by
continuous list mode data acquisition on a Siemens mCT,
which is subsequently rebinned into six 5-minute frames.
Scans were again reconstructed using a standard scanner
software program (Siemens, Knoxville, TN) and according
to the Alzheimer’s Disease Neuroimaging Initiative protocol
(http://adni.loni.usc.edu). Using SPMS, the middle four 5-
minute frames (80-100 minutes) were motion corrected,
normalized to Montreal Neurologic Institute space using
the subject-specific T1-weighted structural magnetic reso-
nance imaging, averaged to create an 80-100 minute static
image, intensity normalized to the cerebellar crus to create
SUVR images, and smoothed with an 8-mm full-width
half-maximum Gaussian kernel.

ROIs for target regions were generated from FreeSurfer
v5.1 as described above. Specifically, bilateral mean
SUVR values were extracted using MarsBaR [48] from

the medial temporal lobe (average of fusiform gyri, para-
hippocampal gyri, and entorhinal cortex), lateral temporal
lobe (average of inferior temporal gyri, middle temporal
gyri, superior temporal gyri, banks of the superior tempo-
ral sulcus, and transverse temporal pole), and inferior pa-
rietal lobe.

2.5. Statistical analyses

Demographics and cognitive performance were
compared among diagnostic groups using a one-way anal-
ysis of covariance (ANCOVA), covaried for age, sex, and
years of education as appropriate. A chi-square test was
used to evaluate differences by diagnostic group in noncon-
tinuous variables (sex, ethnicity/race, APOE €4 carrier sta-
tus). The plasma AP measures of AR F42:F40 and A
T42:T40 were compared among diagnostic groups, using
an ANCOVA model, covaried for age and sex. In addition,
an ANCOVA was used to evaluate the effect of AP positivity
(CL > 10) on AP F42:F40 and AP T42:T40, covaried for
age, sex, and diagnosis. Finally, an ANCOVA model was
used to compare A-positive MCI and AD with AB-nega-
tive CNs, covaried for age and sex, as these groups had a
sufficient size for analysis. Bonferroni correction was
applied to correct for multiple comparisons in all AN(C)
OVA analyses. Logistic regression and receiver operating
characteristic (ROC) curve analyses were used to predict
amyloid positivity by plasma AP measures of Af F42:F40
and AP T42:T40 in the full sample and in CN participants
only. Age and sex were tested as covariates in the logistic
regression models but were nonsignificant. Finally, Pearson
correlation models were used to evaluate the relationships
between plasma AP measures of AP F42:F40 and AP
T42:T40 and global and lateral parietal cerebral AP deposi-
tion, as these measures were all normally distributed. Amy-
loid in the precuneus and all tau regions did not show a
normal distribution, and thus, they were converted to rank
scores and their relationship with plasma AP measures of
AB F42:F40 and AP T42:T40 were evaluated using
Spearman models. Age and sex were not significantly asso-
ciated with either the plasma amyloid or the regional cere-
bral amyloid and tau measures and, thus, were not included
in the correlation analyses. All analyses were performed in
Statistical Package for Social Sciences (SPSS) version 25
(https://www.ibm.com/products/spss-statistics).

Voxel-wise analyses were also performed to evaluate
the linear relationship between plasma AP measures of
AB F42:F40 and AB T42:T40 and cerebral AB and tau
on a voxel-wise level. Multiple linear regression models
were calculated using SPMS. All results were masked
for gray plus white matter, and results are considered sig-
nificant at a cluster-wise threshold of P <.05 (family-wise
error [FWE] correction for multiple comparisons), which
corresponds to a voxel-wise P < .001 (uncorrected) and
minimum cluster size (k) = 550 voxels for amyloid and
k = 800 voxels for tau.
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Characteristics CN (n = 18) MCI (n = 10) AD (n = 16) P value Pairwise comparisons”
Age 67.7 (1.5) 69.0 (11.6) 65.9 (9.9) ns n/a

Sex (M, F)" 6, 12 55 7,9 ns n/a

Education (years) 17.1 (2.5) 16.8 (3.3) 16.0 (2.5) ns n/a

Race/ethnicity (% non-Hispanic Caucasian) 77.8% 80.0% 75.0% ns n/a

APOE €4 (% positive)™ 52.9% 77.8% 69.2% ns n/a

AB positivity (% positive)” 27.8% 80.0% 93.8% <.001 MCI, AD > CN
CDR-sum of boxes 0.3 (0.6) 2.1(1.4) 7.1 (4.6) <.001 AD > MCI, CN
MoCA total score"’“_ 25.6 (2.4) 21.2 (3.7) 11.3 (6.8) <.001 CN, MCI > AD
Digit span forward®"! 8.1(1.7) 7.2 (1.5) 5.3(2.8) .004 CN > AD

Digit span backward®' 6.9 (1.7) 592.3) 3929 .003 CN > AD

Digit symbol substitution®# 53.3 (8.7) 37.1 (13.4) 28.6 (11.4) <.001 CN > MCI, AD
Trail making part A (sec)™" 32.3 (11.9) 37.9 (14.8) 43.1 (10.9) ns n/a

Trail making part B (sec)™" 80.6 (21.8) 142.1 (17.5) 204.1 (21.6) <.001 CN > MCL AD
Animal fluency® _ 25.2 (5.6) 17.0 (5.4) 8.7 (6.0) <.001 CN > MCI > AD
Vegetable ﬂuency""' 17.1 (5.2) 11.2 (4.5) 4.7 (4.1) <.001 CN > MCI > AD
Letter fluency (F and L)%k 30.2 (6.9) 26.8 (14.2) 20.0 (12.3) ns n/a

MINT total score™! 30.0 (2.9) 28.1 3.1) 23.7 (8.6) 018 CN > AD
RAVLT immediate recall®™ 45.6 (6.0) 29.6 (9.5) 16.9 (9.1) <.001 CN > MCI > AD
RAVLT delayed recall™™ 9.4 (2.2) 2.7 (3.7) 0.8 (1.6) <.001 CN > MCI, AD
Craft stories immediate™" 22.7 (6.7) 11.0 (8.2) 4.6 (3.2) <.001 CN > MCI, AD
Craft stories delayed®" 20.5 (7.0) 7.7 (1.3) 1.9 (3.0) <.001 CN > MCI, AD
Benson figure copy™™° 16.1 (1.0) 152 (1.4) 11.9 (6.8) .024 CN > AD
Benson figure recall™ 12.7 (1.9) 5.5 (4.0) 2.6 (3.2) <.001 CN > MCI, AD
Plasma AB FP42:FP40” 0.093 (0.017) 0.093 (0.020) 0.079 (0.017) .047 None

Plasma AB TP42:TP40° 0.114 (0.019) 0.109 (0.015) 0.096 (0.016) .016 CN > AD

NOTE. Values are shown as adjusted mean (standard deviation).
Abbreviations: AD, Alzheimer’s disease; A, amyloid beta; APOE, apolipoprotein E; CDR, Clinical Dementia Rating Scale; CN, cognitively normal; FP, free
plasma; MCI, mild cognitive impairment; MINT, Multi-Lingual Naming Test; MoCA, Montreal Cognitive Assessment; n/a, not applicable; ns, not significant;
RAVLT, Rey Auditory Verbal Learning Test; TP, total plasma.

“Bonferroni correction for multiple comparisons.
°Chi-square test.

©5 participants missing data (1 CN, 1 MCI, 3 AD).
ClAge, sex, and years of education included as covariates.

°1 participant missing data (1 AD).
) Participants missing data (2 AD).

€8 Participants missing data (1 CN, 1 MCI, 6 AD).

"9 Participants missing data (9 AD).

'3 Participants missing data (1 CN, 2 AD).
34 Participants missing data (1 CN, 3 AD).
X6 Participants missing data (1 MCI, 5 AD).
5 Participants missing data (5 AD).

M9 Participants missing data (2 CN, 2 MCIL, 5 AD).

"4 Participants missing data (1 CN, 3 AD).
3 Participants missing data (3 AD).
PAge and sex includes as covariates.

3. Results

3.1. Demographics and cognitive performance

(Table 1). Finally, significant differences in AP positivity

were observed across
P < .001).

No differences were observed across diagnostic groups

diagnostic  groups

(Table

1;

in age, sex, years of education, race/ethnicity, or APOE &4
carrier status (Table 1). Expected differences in cognitive
performance were observed, with patients with AD
showing notable deficits compared with CN participants
across cognitive domains. Patients with MCI showed def-
icits compared with CN participants on episodic memory,
semantic fluency, and executive function/attention tasks

3.2. Plasma AB F42:F40 and AB T42:T40 by diagnostic
group and AQ positivity

Regarding AP quantifications in plasma, intraplate co-
efficient of variability was 3.0% for ABtest40 and 4.6%
for ABtest42. Interplate coefficients of variability were
4.9% and 6.1%, respectively. The dynamic range of the
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Fig. 1. Differences in plasma AP measures by diagnosis and amyloid positivity. Plasma A} measures of free Ap42-to-AB40 ratio (FP42:FP40; A) and total
APB42 to AP40 ratio (TP42:TP40; B) were significantly different by diagnostic group, primarily driven by reduced values in patients with AD (both
P < .05). When combined across groups, AB-positive individuals showed no significant difference from AB-negative individuals in FP42:FP40 (P > .05;
C), but significantly lower TP42:TP40 (P = .031; D). Finally, AB-positive patients with AD had significantly lower FP42:FP40 (overall P value = .093; E)
and TP42:TP40 (overall P value = .001; F) relative to AB-negative CNs (pairwise P < .05 after Bonferroni correction). Results are shown as adjusted
mean for each group with standard error as the error bars. Abbreviations: AP, amyloid beta; CN, cognitively normal; MCI, mild cognitive impairment; AD,

Alzheimer’s disease.

calibration curve ranged from 3.13 pg/mL to 200 pg/mL
for ABtest40 and from 1.56 pg/mL to 100 pg/mL for ABt-
est42. Mean percentage calibration error was 2.2% for
ABtest40 and 3.0% for ABtest42. The lower limit of quan-
tification of the assays, empirically tested for precision and
accuracy, are 7.6 pg/mL for ABtest40 and 3.6 pg/mL for
ABtest42 [43]. All samples in our study were above these
limits.

Plasma AP measures of AB F42:F40 and AP T42:T40
were significantly different among diagnostic groups
(Table 1; Fig. 1A and B), driven primarily by reduced
AB ratios in the AD group. When combined across groups,
ApB-positive individuals showed no significant difference
from AB-negative individuals in FP42:FP40 (Fig. 1C),
but significantly lower TP42:TP40 (Fig. 1D). In addition,
there was a significant overall effect of group (AB-negative
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Fig. 2. Predictive accuracy of plasma AP measures. Free plasma AB42-to-AB40 ratio (FP42:FP40) significantly predicted cerebral A positivity across the full
sample (P = .022, area under the curve (AUC) = 0.710; A). Total plasma AB42-to-AB40 ratio (TP42:TP40) also significantly predicted cerebral A positivity
across the full sample (P =.003, AUC = 0.775; B). Abbreviations: AB, amyloid beta; ROC, receiver operating characteristic.

CN, AB-positive MCI, AB-positive AD) on TP42:TP40
(P = .001; Fig. 1F), but not on FP42:FP40 (Fig. 1E).
Finally, AB-positive patients with AD had significantly
lower FP42:FP40 (Fig. 1E) and TP42:TP40 (Fig. 1F)
than AB-negative CN participants (pairwise P < .05 after
Bonferroni correction).

3.3. Prediction of PET cerebral AB positivity by plasma
AB F42:F40 and AB T42:T40

In the full sample, both AP F42:F40 and A T42:T40
predicted PET AP positivity using both a logistic regres-
sion model (AB F42:F40: P = .049, 68.2% accuracy; AP
T42:T40: P = .005, 70.5% accuracy) and ROC curves
(AB F42:F40: area under the curve [AUC] = 0.710,
P = .022, Fig. 2A; AP T42:T40: AUC = 0.775,
P = .003, Fig. 2B). Although only five CN participants
were AP positive, A T42:T40 predicted cerebral AP pos-
itivity in CNs with 100% accuracy in the logistic regres-
sion model and had an AUC of 0.908 in the ROC curve
model (Supplementary Fig. 1; P = .009). However, this
finding must be interpreted with caution given the small
sample size, and additional studies in larger samples are
warranted.

3.4. Associations between plasma AB F42:F40 and AB
T42:T40 and regional cerebral AB and tau deposition on
PET

Significant associations between plasma A T42:T40 and
cerebral AP deposition were observed in the precuneus
(Fig. 3A; 1y = —0.516, P < .001), lateral parietal lobe
(Fig. 3B; r —0.515, P < .001), and global cortex
(Fig. 3C; r = —0.514, P <.001). In addition, significant as-
sociations between plasma A F42:F40 and amyloid in the
precuneus (Supplementary Fig. 2A; ry = —0.346,

P = .022) and lateral parietal lobe (Supplementary
Fig. 2B; ry, = —0.302, P = .047) were observed.

Significant associations were also observed between
plasma AP T42:T40 and cerebral tau deposition in the
medial (Fig. 3D; ry = —0.400, P = .014) and lateral
(Fig. 3E; 1, = —0.474, P = .003), temporal, and inferior pa-
rietal lobes (Fig. 3F; 1, = —0.444, P =.006). In addition, sig-
nificant associations between plasma AP F42:F40 and lateral
temporal (Supplementary Fig. 2C; rg = —0.390, P = .017)
and inferior parietal lobe tau (Supplementary Fig. 2D;
ry = —0.358, P = .030). However, if amyloid load (global
cortex CL) is included as a covariate in the association be-
tween plasma A 42:40 (both total and free) and tau deposi-
tion, the correlations are no longer significant.

3.5. Voxel-wise associations between plasma AB F42:F40
and AB T42:T40 and cerebral AB and tau deposition

Plasma AP F42:F40 was significantly associated with
amyloid deposition in the left frontal lobe on voxel-wise
analysis (Fig. 4A; cluster-wise P < .05 [FWE]). A larger
area of amyloid deposition encompassing nearly the entire
cortex was significantly associated with plasma AR
T42:T40 (Fig. 4B; cluster-wise P <.05 [FWE]).

Cerebral tau deposition in the bilateral medial and lateral
temporal lobes was significantly associated with plasma A3
F42:F40 on voxel-wise analysis (Fig. 4C; cluster-wise
P <.05 [FWE]). Plasma AP T42:T40 was significantly asso-
ciated with tau deposition in the temporal and parietal lobes
(Fig. 4D; cluster-wise P < .05 [FWE]).

4. Discussion

We observed significantly lower levels of plasma A
T42:T40 in patients with AD than in CN older adults, as
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Fig. 3. Relationship between plasma total AB42-to-AB40 ratio (TP42:TP40) and regional cerebral amyloid deposition and tau deposition on PET. Significant
linear relationships between TP42:TP40 and cerebral amyloid deposition in the bilateral precuneus (rs = —0.516, P < .001; A), lateral parietal lobe
(r=—0.515, P <.001; B), and global cortex (r = —0.514, P <.001; C) were observed. TP42:TP40 was significantly associated with cerebral tau deposition
(rank scores of [18F]flortaucipir SUVR) in the bilateral medial temporal lobe (rs = —0.400, P =.014; D), lateral temporal lobe (rs = —0.474, P =.003; E), and
inferior parietal lobe (rs = —0.444, P = .006; F). The analyses of lateral parietal and global cortical amyloid (B and C) are Pearson correlations, while the other
analyses are Spearman correlation models (A, D-F). Abbreviations: PET, positron emission tomography; A, amyloid beta; SUVR, standardized uptake value
ratio; CN, cognitively normal; MCI, mild cognitive impairment; AD, Alzheimer’s disease.

has been previously reported [2—18]. In addition, a trend for
lower plasma AP F42:F40 in patients with AD was also
observed. This observed difference could be accounted for
by cerebral AP positivity on PET within the diagnostic
groups. Both plasma AP F42:F40 and T42:T40 predicted
AR positivity across the full sample. Although
interpretations are limited by sample size (n = 5 amyloid
positive), only plasma AP T42:T40 predicted cerebral AR
positivity in the CN group, suggesting perhaps that total
levels may be more sensitive in early stages. Significant
linear associations between plasma Af F42:F40 and A
T42:T40 and cerebral AP deposition were observed on
both regional and voxel-wise analyses. These findings are
similar to the previous report using this assay by Fandos
et al. (2017). Finally, this study was one of the first to
show significant associations between plasma AP F42:F40
and AP T42:T40 and cerebral tau deposition on both
regional and voxel-wise analyses. These findings support
recently reported findings showing that plasma t-tau, p-tau,
and the ratios of t-tau/AB42 and p-tau/AP42 are associated
with tau deposition on PET, as well as longitudinal changes
in cerebral amyloid and neurodegeneration [37].

Plasma measures of amyloid, tau, and neurofilament
light are increasingly showing a positive predictive value
for AD-related neuropathology in patients with MCI and
AD, as well as in preclinical AD. In the present analysis,
we observed a strong relationship between plasma Af ra-
tios of AP F42:F40 and AB T42:T40 and cerebral AP depo-
sition, measured both as AP positivity and by actual
Centiloid value. The strength of this association suggests
that these measures of plasma AP may be good biomarkers
for screening individuals for the presence of cerebral AP,
even CN individuals. However, future studies are needed
to fully investigate these markers in clinical populations
and in larger and more diverse samples.

We also reported significant associations between plasma
A F42:F40 and AP T42:T40 and cerebral tau deposition in
an AD-like pattern. However, including cerebral amyloid
Centiloid values in a regression model predicting tau depo-
sition with either plasma AP F42:F40 or AB T42:T40 alters
the relationship such that only cerebral A deposition signif-
icantly predicts tau. These findings suggest that cerebral am-
yloid is mediating the association between plasma AP
F42:F40 and AP T42:T40 and tau. In other words, the
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Fig. 4. Voxel-wise relationship between plasma A measures and cerebral amyloid and tau deposition on PET. A significant relationship between plasma free
APB42-to-AB40 ratio (FP42:FP40) and cerebral amyloid deposition in the right lateral temporal lobe and bilateral frontal lobe was observed (A), while plasma
total AB42-to-AB40 ratio (TP42:TP40) was associated with cerebral amyloid throughout the cortex (B). FP42:FP40 was also associated with cerebral tau in the
bilateral medial and lateral temporal and right inferior parietal lobe (C). Finally, TP42:TP40 was associated with cerebral tau in the bilateral medial and lateral
temporal and parietal lobes, as well as the bilateral posterior frontal lobe (D). All images are displayed at a cluster-wise corrected P <.05 and masked for gray
and white matter. Abbreviations: PET, positron emission tomography; A, amyloid beta.

plasma measure of AP is a proxy measure for brain amyloid
deposition, and brain amyloid deposition is highly linked to
cerebral tau deposition, thereby leading to an association be-
tween plasma AP and cerebral tau. However, future studies
in larger samples could use mediation and moderation ana-
lyses to more fully ascertain the relationship between the
plasma AP measures and cerebral amyloid and tau.

This study has a few notable limitations. First, the sample
size is small. Future studies exploring larger and more
diverse samples are warranted. Second, we did not consider
other central and peripheral diseases (i.e., cerebrovascular
disease, infection, liver and kidney function, etc.) that may
alter the relationship between plasma A and cortical amy-
loid and tau. Additional studies to investigate the impact of
comorbidities on this relationship are crucial for ultimately
establishing this assay as a clinical tool. In addition, the
CN group in this study had a high prevalence of APOE &4
positivity, suggesting that they represent a higher risk group.
Thus, the findings in this study may not accurately gener-

alize to the normal older adult population as a whole. Future
epidemiologic studies in community-based samples are
needed to explore plasma amyloid measures in the general
older adult population. Finally, this is a cross-sectional
study, and thus, we could not assess outcome data or whether
the assay predicted future cognitive decline. Future studies
will allow us to fully assess the outcome of these partici-
pants. In addition, future studies should investigate genetic
associations and potential genetic modulators of plasma am-
yloid levels.

In sum, plasma AP measures were reduced in patients
with MCI and AD, predicted cerebral AP positivity on
PET, even in CN individuals, and were associated with cere-
bral amyloid and tau load. These preliminary findings sug-
gest that these plasma measures of Af} may be a potential
screening tool for detecting AD-related neuropathology in
at-risk individuals in clinical settings or pharmaceutical tri-
als. As AD therapeutics are developed, these assays may be
helpful in providing an initial determination of which
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individuals may benefit from follow-on cerebrospinal fluid
and/or PET investigations before treatment.
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RESEARCH IN CONTEXT

1. Systematic review: To investigate associations be-
tween plasma amyloid biomarkers and neuroimaging
measures of cerebral amyloid and tau, we searched
for combinations of “plasma,” “blood,” “amyloid,”
“PET,” and “Alzheimer’s.” We then combined the re-
turned articles to generate a summary of the current
literature evaluating blood-based biomarkers of AD
in predicting diagnosis and abnormal neuroimaging
and cerebrospinal fluid biomarkers.

2. Interpretation: Our results provide new evidence that
plasma amyloid measures accurately reflect cerebral
amyloid deposition and can predict the presence of
amyloid in cognitively normal older adults with
high accuracy. Furthermore, these results suggest a
relationship of plasma amyloid with cerebral tau,
which is mediated by cerebral amyloid.

3. Future directions: To confirm the current findings,
additional analyses with larger samples would be
beneficial. In addition, longitudinal follow-up
studies with repeated plasma samples, neuro-
imaging, and cognitive testing would help determine
whether the plasma amyloid measure can predict and
monitor clinical decline over time.

References

[1] Association As. 2018 Alzheimer’s Disease Facts and Figures; 2018.
Association As, editor.

[2] Abdullah L, Luis C, Paris D, Mouzon B, Ait-Ghezala G, Keegan AP,

et al. Serum Abeta levels as predictors of conversion to mild cognitive

impairment/Alzheimer disease in an ADAPT subcohort. Mol Med
2009;15:432-7.

Chouraki V, Beiser A, Younkin L, Preis SR, Weinstein G, Hansson O,

et al. Plasma amyloid-beta and risk of Alzheimer’s disease in the Fra-

mingham Heart Study. Alzheimers Dement 2015;11:249-257.el.

Fan LY, Tzen KY, Chen YF, Chen TF, Lai YM, Yen RF, et al. The rela-

tion between brain amyloid deposition, cortical atrophy, and plasma

biomarkers in amnesic mild cognitive impairment and Alzheimer’s

disease. Front Aging Neurosci 2018;10:175.

Fandos N, Perez-Grijalba V, Pesini P, Olmos S, Bossa M,

Villemagne VL, et al. Plasma amyloid beta 42/40 ratios as biomarkers

for amyloid beta cerebral deposition in cognitively normal individuals.

Alzheimers Dement (Amst) 2017;8:179-87.

Graff-Radford NR, Crook JE, Lucas J, Boeve BF, Knopman DS,

Ivnik RJ, et al. Association of low plasma Abetad2/Abeta40 ratios

with increased imminent risk for mild cognitive impairment and Alz-

heimer disease. Arch Neurol 2007;64:354-62.

[7] Hanon O, Vidal JS, Lehmann S, Bombois S, Allinquant B,

Treluyer JM, et al. Plasma amyloid levels within the Alzheimer’s pro-

cess and correlations with central biomarkers. Alzheimers Dement

2018;14:858-68.

Janelidze S, Stomrud E, Palmqvist S, Zetterberg H, van Westen D,

Jeromin A, et al. Plasma beta-amyloid in Alzheimer’s disease and

vascular disease. Sci Rep 2016;6:26801.

[9] Koyama A, Okereke OI, Yang T, Blacker D, Selkoe DJ, Grodstein F.
Plasma amyloid-beta as a predictor of dementia and cognitive decline:
a systematic review and meta-analysis. Arch Neurol 2012;69:824-31.

[10] Lambert JC, Schraen-Maschke S, Richard F, Fievet N, Rouaud O,
Berr C, et al. Association of plasma amyloid beta with risk of demen-
tia: the prospective Three-City Study. Neurology 2009;73:847-53.

[11] Nabers A, Perna L, Lange J, Mons U, Schartner J, Guldenhaupt J, et al.
Amyloid blood biomarker detects Alzheimer’s disease. EMBO Mol
Med 2018;10.

[12] Ovod V, Ramsey KN, Mawuenyega KG, Bollinger JG, Hicks T,
Schneider T, et al. Amyloid beta concentrations and stable isotope la-
beling kinetics of human plasma specific to central nervous system
amyloidosis. Alzheimers Dement 2017;13:841-9.

[13] Perez-Grijalba V, Pesini P, Monleon I, Boada M, Tarraga L, Ruiz-
Laza A, et al. Several direct and calculated biomarkers from the
amyloid-beta pool in blood are associated with an increased likelihood
of suffering from mild cognitive impairment. J Alzheimers Dis 2013;
36:211-9.

[14] Blennow K, De Meyer G, Hansson O, Minthon L, Wallin A,
Zetterberg H, et al. Evolution of Abetad42 and Abeta40 levels and
Abeta42/Abetad0 ratio in plasma during progression of Alzheimer’s
disease: a multicenter assessment. J Nutr Health Aging 2009;
13:205-8.

[15] Kim HJ, Park KW, Kim TE, Im JY, Shin HS, Kim S, et al. Eleva-
tion of the plasma Abeta40/Abeta42 Ratio as a diagnostic marker
of sporadic early-onset Alzheimer’s disease. J Alzheimers Dis
2015;48:1043-50.

[16] Perez-Grijalba V, Romero J, Pesini P, Sarasa L, Monleon I, San-Jose I,
et al. Plasma Abeta42/40 ratio detects early stages of Alzheimer’s dis-
ease and correlates with CSF and neuroimaging biomarkers in the
AB255 study. J Prev Alzheimers Dis 2019;6:34-41.

[17] Shahpasand-Kroner H, Klafki HW, Bauer C, Schuchhardt J,
Huttenrauch M, Stazi M, et al. A two-step immunoassay for the simul-
taneous assessment of Abeta38, Abeta40 and Abeta4?2 in human blood
plasma supports the Abeta42/Abeta40 ratio as a promising biomarker
candidate of Alzheimer’s disease. Alzheimers Res Ther 2018;10:121.

[3

=

[4

—

[5

—_

[6

—_

[8

—_


https://doi.org/10.1016/j.dadm.2019.05.007
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref1
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref1
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref2
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref2
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref2
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref2
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref3
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref3
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref3
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref4
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref4
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref4
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref4
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref5
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref5
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref5
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref5
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref6
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref6
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref6
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref6
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref7
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref7
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref7
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref7
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref8
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref8
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref8
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref9
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref9
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref9
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref10
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref10
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref10
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref11
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref11
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref11
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref12
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref12
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref12
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref12
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref13
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref13
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref13
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref13
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref13
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref14
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref14
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref14
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref14
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref14
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref15
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref15
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref15
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref15
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref16
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref16
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref16
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref16
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref17
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref17
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref17
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref17
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref17

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

(33]

S.L. Risacher et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 11 (2019) 510-519

van Oijen M, Hofman A, Soares HD, Koudstaal PJ, Breteler MM.
Plasma Abeta(1-40) and Abeta(1-42) and the risk of dementia: a pro-
spective case-cohort study. Lancet Neurol 2006;5:655-60.
Ait-ghezala G, Abdullah L, Volmar CH, Paris D, Luis CA,
Quadros A, et al. Diagnostic utility of APOE, soluble CD40,
CDA40L, and Abetal-40 levels in plasma in Alzheimer’s disease.
Cytokine 2008;44:283-7.

Lopez OL, Kuller LH, Mehta PD, Becker JT, Gach HM, Sweet RA,
et al. Plasma amyloid levels and the risk of AD in normal subjects
in the cardiovascular health study. Neurology 2008;70:1664-71.
Luis CA, Abdullah L, Paris D, Quadros A, Mullan M, Mouzon B, et al.
Serum beta-amyloid correlates with neuropsychological impairment.
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn 2009;
16:203-18.

Pesini P, Perez-Grijalba V, Monleon I, Boada M, Tarraga L, Martinez-
Lage P, et al. Reliable measurements of the beta-amyloid pool in blood
could help in the early diagnosis of AD. Int J Alzheimers Dis 2012;
2012:604141.

Ruiz A, Pesini P, Espinosa A, Perez-Grijalba V, Valero S, Sotolongo-
Grau O, et al. Blood amyloid beta levels in healthy, mild cognitive
impairment and Alzheimer’s disease individuals: replication of dia-
stolic blood pressure correlations and analysis of critical covariates.
PLoS One 2013;8:e81334.

Wang MJ, Yi S, Han JY, Park SY, Jang JW, Chun IK, et al. Olig-
omeric forms of amyloid-beta protein in plasma as a potential
blood-based biomarker for Alzheimer’s disease. Alzheimers Res
Ther 2017;9:98.

Hansson O, Zetterberg H, Vanmechelen E, Vanderstichele H,
Andreasson U, Londos E, et al. Evaluation of plasma Abeta(40) and
Abeta(42) as predictors of conversion to Alzheimer’s disease in pa-
tients with mild cognitive impairment. Neurobiol Aging 2010;
31:357-67.

Lovheim H, Elgh F, Johansson A, Zetterberg H, Blennow K,
Hallmans G, et al. Plasma concentrations of free amyloid beta cannot
predict the development of Alzheimer’s disease. Alzheimers Dement
2017;13:778-82.

Leung R, Proitsi P, Simmons A, Lunnon K, Guntert A, Kronenberg D,
et al. Inflammatory proteins in plasma are associated with severity of
Alzheimer’s disease. PLoS One 2013;8:¢64971.

Sattlecker M, Khondoker M, Proitsi P, Williams S, Soininen H,
Kloszewska I, et al. Longitudinal protein changes in blood plasma
associated with the rate of cognitive decline in Alzheimer’s disease.
J Alzheimers Dis 2016;49:1105-14.

Yaffe K, Weston A, Graff-Radford NR, Satterfield S, Simonsick EM,
Younkin SG, et al. Association of plasma beta-amyloid level and
cognitive reserve with subsequent cognitive decline. JAMA 2011;
305:261-6.

Albani D, Marizzoni M, Ferrari C, Fusco F, Boeri L, Raimondi I, et al.
Plasma Abeta42 as biomarker of prodromal Alzheimer’s disease pro-
gression in patients with amnestic mild cognitive impairment: evi-
dence from the PharmaCog/E-ADNI study. J Alzheimers Dis 2019;
69:37-48.

Kaneko N, Yamamoto R, Sato TA, Tanaka K. Identification and
quantification of amyloid beta-related peptides in human plasma
using matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry. Proc Jpn Acad Ser B Phys Biol Sci 2014;
90:104-17.

Sotolongo-Grau O, Pesini P, Valero S, Lafuente A, Buendia M, Perez-
Grijalba V, et al. Association between cell-bound blood amyloid-
beta(1-40) levels and hippocampus volume. Alzheimers Res Ther
2014;6:56.

Teunissen CE, Chiu MJ, Yang CC, Yang SY, Scheltens P, Zetterberg H,
et al. Plasma amyloid-beta (Abeta42) correlates with cerebrospinal
fluid Abeta42 in Alzheimer’s disease. J Alzheimers Dis 2018;
62:1857-63.

[34]

[35]

[36]

(37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

519

Tzen KY, Yang SY, Chen TF, Cheng TW, Horng HE, Wen HP, et al.
Plasma Abeta but not tau is related to brain PiB retention in early Alz-
heimer’s disease. ACS Chem Neurosci 2014;5:830-6.

Wu KY, Hsiao IT, Chen CH, Liu CY, Hsu JL, Huang SY, et al. Plasma
Abeta analysis using magnetically-labeled immunoassays and PET
(18)F-florbetapir binding in non-demented patients with major depres-
sive disorder. Sci Rep 2018;8:2739.

de Rojas I, Romero J, Rodriguez-Gomez O, Pesini P, Sanabria A,
Perez-Cordon A, et al. Correlations between plasma and PET beta-
amyloid levels in individuals with subjective cognitive decline: the
Fundacio ACE Healthy Brain Initiative (FACEHBI). Alzheimers Res
Ther 2018;10:119.

Park JC, Han SH, Yi D, Byun MS, Lee JH, Jang S, et al. Plasma tau/
amyloid-betal-42 ratio predicts brain tau deposition and neurodegen-
eration in Alzheimer’s disease. Brain 2019;142:771-86.

Verberk IMW, Slot RE, Verfaillie SCJ, Heijst H, Prins ND, van
Berckel BNM, et al. Plasma amyloid as Prescreener for the earliest
Alzheimer pathological changes. Ann Neurol 2018;84:648-58.
Lewczuk P, Ermann N, Andreasson U, Schultheis C, Podhorna J,
Spitzer P, et al. Plasma neurofilament light as a potential biomarker
of neurodegeneration in Alzheimer’s disease. Alzheimers Res Ther
2018;10:71.

Shoda C, Kitagawa Y, Shimada H, Yuzawa M, Tateno A, Okubo Y.
Relationship of area of soft drusen in retina with cerebral amyloid-
beta accumulation and blood amyloid-beta level in the elderly. J Alz-
heimers Dis 2018;62:239-45.

Biere AL, Ostaszewski B, Stimson ER, Hyman BT, Maggio JE,
Selkoe DJ. Amyloid beta-peptide is transported on lipoproteins and
albumin in human plasma. J Biol Chem 1996;271:32916-22.

Kuo YM, Emmerling MR, Lampert HC, Hempelman SR, Kokjohn TA,
Woods AS, et al. High levels of circulating Abeta42 are sequestered by
plasma proteins in Alzheimer’s disease. Biochem Biophys Res Com-
mun 1999;257:787-91.

Perez-Grijalba V, Fandos N, Canudas J, Insua D, Casabona D,
Lacosta AM, et al. Validation of immunoassay-based tools for the
comprehensive quantification of Abeta40 and Abetad42 peptides in
plasma. J Alzheimers Dis 2016;54:751-62.

Swaminathan S, Risacher SL, Yoder KK, West JD, Shen L, Kim S,
et al. Association of plasma and cortical amyloid beta is modulated
by APOE epsilon4 status. Alzheimers Dement 2014;10:¢9-18.
McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr,
Kawas CH, et al. The diagnosis of dementia due to Alzheimer’s
disease: recommendations from the National Institute on Aging-Alz-
heimer’s Association workgroups on diagnostic guidelines for Alz-
heimer’s disease. Alzheimers Dement 2011;7:263-9.

Klunk WE, Koeppe RA, Price JC, Benzinger TL, Devous MD Sr,
Jagust WIJ, et al. The Centiloid Project: standardizing quantitative
amyloid plaque estimation by PET. Alzheimers Dement 2015;
11:1-15.e1-4.

Risacher SL, Tallman EF, West JD, Yoder KK, Hutchins GD,
Fletcher JW, et al. Olfactory identification in subjective cognitive
decline and mild cognitive impairment: association with tau but not
amyloid positron emission tomography. Alzheimers Dement (Amst)
2017;9:57-66.

Brett M, Anton J-L, Valabregue R, Poline J-B. Region of interest anal-
ysis using an SPM toolbox [abstract]. In: Presented at the 8th Interna-
tional Conference on Functional Mapping of the Human Brain, June
2-6, 2002. Sendai, Japan; 2002.

Conference HAIL. HAI-2017 Centiloid Workshop FAQ; 2017. http://
www.worldeventsforum.com/hai/wp-content/uploads/2015/06/HAI-
2017-Centiloid-FAQs.pdf.

Rowe CC, Amadoru S, Dore V, McLean C, Hinton F, Shepherd C, et al.
Correlation of Amyloid PET Expressed in Centiloid Units with Neuro-
pathological Findings in Alzheimer’s Disease. In: Alzheimer’s Associ-
ation International Conference. Chicago, IL, USA; 2018.


http://refhub.elsevier.com/S2352-8729(19)30046-6/sref18
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref18
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref18
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref19
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref19
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref19
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref19
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref20
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref20
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref20
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref21
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref21
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref21
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref21
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref22
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref22
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref22
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref22
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref23
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref23
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref23
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref23
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref23
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref24
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref24
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref24
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref24
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref25
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref25
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref25
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref25
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref25
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref26
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref26
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref26
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref26
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref27
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref27
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref27
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref28
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref28
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref28
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref28
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref29
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref29
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref29
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref29
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref30
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref30
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref30
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref30
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref30
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref31
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref31
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref31
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref31
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref31
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref32
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref32
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref32
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref32
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref33
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref33
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref33
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref33
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref34
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref34
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref34
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref35
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref35
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref35
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref35
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref36
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref36
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref36
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref36
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref36
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref37
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref37
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref37
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref38
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref38
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref38
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref39
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref39
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref39
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref39
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref40
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref40
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref40
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref40
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref41
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref41
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref41
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref42
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref42
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref42
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref42
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref43
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref43
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref43
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref43
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref44
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref44
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref44
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref45
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref45
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref45
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref45
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref45
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref46
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref46
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref46
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref46
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref47
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref47
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref47
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref47
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref47
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref48
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref48
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref48
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref48
http://www.worldeventsforum.com/hai/wp-content/uploads/2015/06/HAI-2017-Centiloid-FAQs.pdf
http://www.worldeventsforum.com/hai/wp-content/uploads/2015/06/HAI-2017-Centiloid-FAQs.pdf
http://www.worldeventsforum.com/hai/wp-content/uploads/2015/06/HAI-2017-Centiloid-FAQs.pdf
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref50
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref50
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref50
http://refhub.elsevier.com/S2352-8729(19)30046-6/sref50

	Plasma amyloid beta levels are associated with cerebral amyloid and tau deposition
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Plasma Aβ assay
	2.3. Amyloid PET
	2.4. [18F]Flortaucipir PET
	2.5. Statistical analyses

	3. Results
	3.1. Demographics and cognitive performance
	3.2. Plasma Aβ F42:F40 and Aβ T42:T40 by diagnostic group and Aβ positivity
	3.3. Prediction of PET cerebral Aβ positivity by plasma Aβ F42:F40 and Aβ T42:T40
	3.4. Associations between plasma Aβ F42:F40 and Aβ T42:T40 and regional cerebral Aβ and tau deposition on PET
	3.5. Voxel-wise associations between plasma Aβ F42:F40 and Aβ T42:T40 and cerebral Aβ and tau deposition

	4. Discussion
	Acknowledgments
	Supplementary Data
	References


