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Abstract.
Background: The recent developed PET ligands for amyloid-� (A�) and tau allow these two neuropathological hallmarks
of Alzheimer’s disease (AD) to be mapped and quantified in vivo and to be examined in relation to cognition.
Objective: To assess the associations among A�, tau, and cognition in non-demented subjects.
Methods: Three hundred eighty-nine elderly participants without dementia from the Alzheimer’s Disease Neuroimaging
Initiative underwent tau and amyloid PET scans. Cross-sectional comparisons and longitudinal analyses were used to evaluate
the relationship between A� and tau accumulation. The correlations between biomarkers of both pathologies and performance
in memory and executive function were measured.
Results: Increased amyloid-PET retention was associated with greater tau-PET retention in widespread cortices. We observed
a significant tau increase in the temporal composite regions of interest over 24 months in A�+ but not A�– subjects. Finally,
tau-PET retention but not amyloid-PET retention significantly explained the variance in memory and executive function.
Higher level of tau was associated with greater longitudinal memory decline.
Conclusion: These findings suggested PET-detectable A� plaque pathology may be a necessary antecedent for tau-PET
signal elevation. Greater tau-PET retention may demonstrate poorer cognition and predict prospective memory decline in
non-demented subjects.

Keywords: Alzheimer’s disease, amyloid-PET, cognitive impairment, tau-PET

∗Correspondence to: Prof. Jin-Tai Yu, MD, PhD, Department of
Neurology and Institute of Neurology, Huashan Hospital, Shang-
hai Medical College, Fudan University, 12th Wulumuqi Zhong
Road, Shanghai 200040, China. Tel.: +86 21 52888160; Fax:
+86 21 62483421; E-mail: jintai yu@fudan.edu.cn.; Prof. Lan
Tan, MD, PhD, Department of Neurology, Qingdao Municipal
Hospital, Qingdao University, Qingdao 266071, China. E-mail:
dr.tanlan@163.com.

1Data used in preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
database (http://adni.loni.usc.edu). As such, the investigators
within the ADNI contributed to the design and implemen-
tation of ADNI and/or provided data but did not participate
in analysis or writing of this report. A complete listing of
ADNI investigators can be found at: http://adni.loni.usc.edu/wp-
content/uploads/how to apply/ADNI Acknowledgement List.pdf

ISSN 1387-2877/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved

mailto:jintai_yu@fudan.edu.cn
mailto:dr.tanlan@163.com
http://adni.loni.usc.edu
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf


396 R.-Q. Zhang et al. / Elevated Tau Depends on Abnormal Amyloid and Correlates with Cognition

INTRODUCTION

Alzheimer’s disease (AD) is characterized by the
pathological deposition of both amyloid-� (A�) and
tau. In the research framework proposed by the
National Institute on Aging-Alzheimer’s Associa-
tion (NIA-AA) workgroup, Alzheimer’s pathologic
change refers to the early stage of the Alzheimer’s
continuum, defined in vivo by biomarkers as abnor-
mal A� deposition but normal tau status. The
term “Alzheimer’s disease” would be applied when
biomarker evidence of both A� and pathologic tau
was present [1]. The A� cascade hypothesis proposes
that amyloidosis induces the spread of pathologic
tau and that pathological tau subsequently leads to
neurodegeneration which eventually causes cognitive
decline [1–4].

Recently, the developed positron emission tomog-
raphy (PET) ligands for A� [5, 6] and tau [7]
permit the investigation of these two neuropatholog-
ical hallmarks of AD in vivo. Previous PET imaging
studies showed that in clinically normal subjects
with a negative amyloid-PET scan, tau-PET reten-
tion was limited largely to medial temporal lobe [8],
whereas in subjects with positive amyloid PET scans,
cross-sectional comparisons suggested increasing
and progressive tau-PET retention in widespread cor-
tices [8].

Despite the growing cross-sectional tau-PET im-
aging literature, only a few studies examined
longitudinal change in tau-PET signal. Previous
longitudinal studies indicated that the rate of tau
retention associated with baseline tau retention and
A� status measured by amyloid-PET [8–10]. Fur-
ther evaluation of the way in which tau changes over
time could be critical to understand the interaction
between amyloid and tau in promoting neurodegen-
eration and cognitive impairment in AD [8].

Cortical composite and regional tau-PET standard
uptake value ratio (SUVr) has been reported to cor-
relate with cognitive impairment [11–16], but the
relationship between tau-PET SUVr and specific cog-
nitive domains varies across studies [15–19]. Besides,
inconsistent results were found on how A� and tau
correlated with cognition. While some studies con-
cluded that only tau tangles correlated with cognition
and clinical symptoms [13, 20], others showed that
A� and tau were synergistically associated with cog-
nitive decline [20].

Here, we hypothesize that increased amyloid level
can predict increased tau-PET deposit in certain
regions of interest (ROI), and increased tau is asso-

ciated with memory and executive function decline.
We stratified a large cohort of non-demented elderly
participants from the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) into two groups by A�
status using florbetapir PET imaging. The differ-
ences in baseline retention and prospective change
of tau pathology as measured by [F-18]-AV-1451
PET between groups was investigated. We then eval-
uated the associations of baseline tau burden and
baseline A� burden with the rate of prospective
tau accumulation. Finally, we analyzed the relative
contributions of A�, tau, and the potential synergy
of these pathologies in the prediction of memory
and executive function performance and longitudinal
decline.

MATERIALS AND METHODS

Study subjects and ADNI database

We obtained the data used in this article from
the Alzheimer’s Disease Neuroimaging Initiative-3
(ADNI-3) database (http://adni.loni.usc.edu). ADNI
is a longitudinal multi-center natural history study
designed to characterize clinical imaging, genetic,
and biochemical biomarkers for early detection and
tracking of AD. In 2016, ADNI-3 was initiated with
an expanded goal of determining the relationships
between the clinical, cognitive, imaging, genetic,
and biochemical biomarker characteristics across
the entire spectrum of AD, in which 1,070–2,000
participants were enrolled across cognitively nor-
mal (CN), mild cognitive impairment (MCI), and
AD dementia cohorts in ADNI-3. Detailed inclusion
and exclusion criteria are presented in the database.
Importantly, ADNI-3 added brain scans that detect
tau protein tangles (tau-PET), a key indicator of the
disease (http://adni.loni.usc.edu/about). This study
was approved by institutional review boards of all
contributing research institutions, and informed con-
sent in writing was acquired from all subjects or
authorized agents (http://adni.loni.usc.edu/methods/
documents).

We recruited three hundred eighty-nine non-
demented subjects from ADNI-3 who had both
amyloid and tau PET scans at baseline. We chose 2
years as the time window for longitudinal analyses [8,
10]. Tau-PET scans were performed for 104 partici-
pants at month 12 and for 68 at month 24. Meanwhile,
18 and 56 participants received amyloid-PET scans

http://adni.loni.usc.edu
http://adni.loni.usc.edu/about
http://adni.loni.usc.edu/methods/documents
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at month 12 and month 24, respectively. Either CN or
MCI participants were included in this present study.
The diagnostic criteria for CN and MCI in ADNI were
previously described [21]. Diagnostic grouping was
based on the most recent change in clinical diagnosis
evaluation provided by the ADNI Clinical Core. Par-
ticipants were also classified by A� elevated status
as amyloid positivity (A�+) or negative (A�–) using
amyloid-PET global cortical SUVr.

Imaging acquisition and analysis

PET imaging was performed at each ADNI site
according to standardized protocols, which was pub-
lished previously [20]. Data of tau PET imaging
assessed by [F-18]-AV-1451 and of amyloid PET
imaging assessed by florbetapir ([F-18]-AV-45) were
pre-processed by UC Berkeley and Lawrence Berke-
ley National Laboratory.

In the present study, the amyloid-PET cortical
summary values were computed as the average of
the mean SUVr in the four main cortical regions
(frontal, anterior/posterior cingulate, lateral parietal,
and lateral temporal) using the amyloid-PET mean
and volume of each sub-regions. The amyloid-PET
SUVR was normalized by the whole cerebellum ref-
erence region [22]. Amyloid positivity was defined as
amyloid-PET cortical summary SUVr > 1.11 based
on the University of California, Berkeley quantifica-
tion [6, 23]. This cutoff was equivalent to the upper
95% confidence interval above the mean of a group
of young normal controls, and was recommended
by ADNI [24]. The tau-PET SUVr was calculated
based on mean tau-PET uptake normalized to uptake
in a grey matter masked cerebellum reference region
as previously described [20]. We calculated a previ-
ously reported temporal composite SUVr to capture
the characteristics of cross-sectional and longitudinal
tau-PET. The temporal composite was calculated as
the voxel-number weighted average of tau-PET SUVr
in the entorhinal cortex, amygdala, parahippocam-
pal, fusiform, inferior temporal, and middle temporal
regions of interest [10, 25]. This meta-region of
interest was defined in a previous study with a cross-
sectional design to separate cognitively unimpaired
subjects with A�+ and cognitive impaired subjects
with A�– [25]. Another longitudinal tau-PET study
showed this temporal composite could effectively
capture the annual change of tau-PET SUVr [10].
Partial volume correction (PVC) was not applied to
Tau-PET and amyloid-PET data.

Cognitive assessment

All subjects underwent cognitive assessment based
on Mini-Mental State Examination (MMSE) score,
Alzheimer’s Disease Assessment Scale, 11- Item
Subscale (ADAS11) score, and composite scores
on two cognitive domains, namely memory and
executive function. The composite score for mem-
ory was composed of scores of the Rey’s Auditory
Vocabulary List Test (RAVLT), ADAS11, Logical
Memory (LM), and MMSE recall scores [26]. The
composite score for executive function included Cat-
egory Fluency (animals and vegetables scores), Trail
Making Test (TMT) A and B, Digit span back-
wards, Wechsler Adult Intelligence Scale-Revised
(WAIS-R) Digit Symbol Substitution, and five Clock
drawing items (circle, symbol, numbers, hands, time)
[20, 27]. These tests were administered as pre-
viously described (http://adni.loni.usc.edu/methos/
documents).

Statistical analysis

Baseline characteristics were compared between
A�+ and A�– subjects using 2-tailed Wilcoxon rank-
sum tests for continuous variables and χ2 tests for
categorical variables.

We used analyses of covariance to evaluate differ-
ences in regional and temporal composite tau-PET
SUVr across clinical diagnosis groups and A� sta-
tus, adjusting for baseline age, gender, educational
years, and APOE �4 carriage. Planned contrasts
within the model evaluated differences among CN
and MCI subjects by A� status (i.e., within the A�+,
or A�– subgroups). Similarly, the tau-PET SUVr
were also compared within each diagnostic group
(i.e., CN, or MCI subgroups) according to A� status
through planned contrasts [14]. Log transformation
was applied to tau-PET SUVr to fulfill normality
assumptions.

Mixed effect model was fitted to evaluate the
annual tau change in temporal composite ROI with
covariates including baseline temporal composite
tau-PET SUVr, age, gender, educational years, and
APOE �4 carriage in A�+ and A�- groups separately
[8]. We subsequently examined baseline cortical A�
(continuous) and baseline temporal composite tau
as predictors of the rate of regional tau accumula-
tion in separate models, adjusting for age, gender,
educational years, and APOE �4 carriage. For an
exploratory analysis, we also examined baseline tem-
poral composite tau as predictor of the annualized

http://adni.loni.usc.edu/methos/documents
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Table 1
Characteristics of the Participants1

Total A�+ A�– P

n 389 160 229
Age, mean y (SD) 71.45 (6.427) 72.85 (6.439) 70.52 (6.258) <0.001
Gender: female, n (%) 202 (51.9%) 83 (51.9%) 119 (52.0%) 0.986
Education, mean y (SD) 16.64 (2.585) 16.48 (2.528) 16.75 (2.623) 0.181
% APOE �4 carriers, n (%) 113 (32.6%) 71 (50.8%) 42 (20.2%) <0.001
MMSE, mean (SD) 28.60 (1.715) 28.11 (2.028) 28.94 (1.359) <0.001
ADAS11, mean (SD) 9.63 (3.896) 8.95 (3.247) 10.60 (4.509) 0.001
n (Composite Mem and EF) 365 149 216
Composite Mem, mean (SD) 0.80 (0.695) 0.61 (0.731) 0.93 (0.638 <0.001
Composite EF, mean (SD) 0.70 (0.695) 0.57 (0.886) 0.99 (0.854) <0.001
1Data were mean (SD) or number (%) unless otherwise stated. Participants with amyloid-PET cortical
summary SUVr > 1.11 were classified as amyloid-� positive; those with amyloid-PET cortical sum-
mary SUVr ≤ 1.11 were classified as the amyloid-� negative. n, number; A�+, amyloid-� positive;
A�–, amyloid-� negative; MMSE, Mini-Mental State Examination; ADAS11, Alzheimer’s Disease
Assessment Scale, 11-Item Subscale; Mem, memory; EF, executive function.

change of cortical A�, adjusting for age, gender, edu-
cational years, and APOE �4 carriage.

We assessed the correlations between biomarkers
of both pathologies and cognition with multiple linear
regression models. Baseline memory and executive
function composite scores were used as dependent
variables, with baseline cortical amyloid-PET reten-
tion (continuous) and baseline temporal composite
tau-PET retention as simultaneous predictors. Age,
gender, educational years, and APOE �4 carriage
were regarded as confounding variables. Then we
added the two-way interaction between baseline cor-
tical A� and baseline temporal composite tau to this
model to determine whether the association between
tau and cognitive impairment was modified by A�
levels [16]. We then examined baseline cortical A�
and baseline temporal composite tau as simultane-
ous predictors of longitudinal memory and executive
function change in the same mixed effect model,
and we subsequently added the three-way interaction
between A�, tau and time to this model.

Statistical significance was defined as p < 0.05
for all analyses. Statistical analyses were performed
using the R statistical software (version 3.6.1) and
SPSS Statistics 23.

RESULTS

Table 1 showed the demographics and baseline
characteristics for the 389 subjects with available tau-
PET and amyloid-PET scans, including 160 A�+
subjects and 229 A�– subjects. A�+ subjects were
older (p < 0.001); were more likely to be APOE
�4 carriers (p < 0.001); and had lower MMSE score

(p < 0.001), higher ADAS11 score (p = 0.001), lower
composite memory score (p < 0.001), and lower com-
posite executive function score (p < 0.001). There
were no significant differences in educational years
and gender composition between A�+ and A�– sub-
jects. Demographics were also presented by clinical
diagnostic groups (Supplementary Table 1).

Table 2 showed the different patterns of cross-
sectional tau-PET signal in A�+ and A�– subjects.
In A�+ subjects, the temporal composite and
other regional tau-PET SUVr was elevated for
MCI compared with the CN (Temporal composite:
p < 0.001; Frontal: p = 0.002; Occipital: p = 0.02;
Parietal: p = 0.002; Temporal: p < 0.001). Within
the A�- group, the differences in tau-PET SUVr
between CN and MCI were detected in temporal
composite ROI (p = 0.031), frontal lobe (p = 0.014),
and temporal lobe (p = 0.041). Within CN and
MCI group, the tau-PET SUVr of A�+ subjects
significantly elevated in the temporal composite
(CN: p < 0.001; MCI: p < 0.001), frontal lobe (CN:
p = 0.003; MCI: p = 0.003), parietal lobe (CN: p =
0.002; MCI: p = 0.001), occipital lobe (CN:
p = 0.223; MCI: p = 0.007), and temporal lobe (CN:
p < 0.001; MCI: p < 0.001). As shown in Fig. 1,
temporal composite tau-PET SUVr was higher for
MCI group compared to the CN group and for the
A�+ compared to the A�– [14].

Figure 2 showed the significant longitudinal
change of temporal composite tau-PET SUVr over
24 months in A�+ but not A�– subjects. The baseline
temporal composite tau retention was significantly
higher in the A�+ subjects compared to A�– subjects
[1.25(0.120) versus 1.14(0.083), between-group
difference p < 0.001]. In the A�+ group, the tau-PET



R.-Q. Zhang et al. / Elevated Tau Depends on Abnormal Amyloid and Correlates with Cognition 399

Table 2
Tau-PET SUVr by clinical diagnostic group and amyloid status1

CN MCI Pa

n = 255 A�+ = 92 n = 134 A�+ = 68 CN versus MCI

Temporal composite region of interest2

A�+ SUVr 1.19 (0.138) 1.37 (0.313) <0.001
A�– SUVr 1.13 (0.085) 1.14 (0.099) 0.031
pb: A�+versus A�- <0.001 <0.001

Frontal
A�+ SUVr 1.06 (0.091) 1.14 (0.198) 0.002
A�– SUVr 1.02 (0.083) 1.04 (0.089) 0.014
pb: A�– versus A�- 0.003 0.003

Occipital
A�+ SUVr 1.09 (0.134) 1.16 (0.180) 0.02
A�– SUVr 1.06 (0.090) 1.06 (0.087) 0.159
pb: A�+ versus A�- 0.223 0.007

Parietal
A�+ SUVr 1.05 (0.092) 1.14 (0.021) 0.002
A�– SUVr 1.01 (0.082) 1.02 (0.078) 0.059
pb: A�+ versus A�- 0.002 <0.001

Temporal
A�+ SUVr 1.16 (0.119) 1.30 (0.258) <0.001
A�– SUVr 1.10 (0.084) 1.12 (0.091) 0.041
pb: A�+ versus A�- <0.001 <0.001

Striatum
A�+ SUVr 1.34 (0.154) 1.40 (0.159) 0.054
A�– SUVr 1.32 (0.160) 1.36 (0.166) 0.111
pb: A�+ versus A�- 0.893 0.648

1Data were shown in mean (SD) or number unless otherwise stated. Participants with amyloid-
PET cortical summary SUVr > 1.11 were classified as amyloid-� positive; those with amyloid-
PET cortical summary SUVr ≤ 1.11 were classified as the amyloid-� negative. Comparison were
adjusted for baseline age, gender, educational years and APOE �4 carriage. Log transformation
was applied to tau-PET SUVr to fulfill normality assumptions. n, number; A�+, amyloid-�
positive; A�–, amyloid-� negative; CN, cognitively normal, MCI, mild cognitive impairment;
SUVr, standard uptake value ratio.

SUVr increased significantly [Estimated annualized
change (95%CI) = 0.01(0.004∼0.018), p = 0.003].
In the A�– group, the tau-PET SUVr remained
unchanged over time [Estimated annualized change
(95%CI) = 0.00(–0.009∼0.006), p = 0.722].

As shown in Table 3, baseline cortical A� bur-
den and baseline temporal composite tau burden
were associated with longitudinal regional tau accu-
mulation. Higher levels of A� were associated
with greater longitudinal tau change in tempo-
ral composite ROI [� = 0.05 ± 0.013, p < 0.001],
occipital lobe [� = 0.04 ± 0.012, p = 0.005], pari-
etal lobe [� = 0.04 ± 0.012, p = 0.005], and temporal
lobe [� = 0.04 ± 0.012, p = 0.001]. Greater base-
line tau in temporal composite ROI also related
to greater tau accumulation in temporal com-
posite ROI [� = 0.05 ± 0.015, p < 0.001], occipital
lobe [� = 0.03 ± 0.014, p = 0.020], parietal lobe
[� = 0.04 ± 0.014, p = 0.008], and temporal lobe
[� = 0.05 ± 0.014, p = 0.001]. The effect of baseline
temporal composite tau on annualized A� change was

additionally investigated and we did not find evidence
of a significant relationship between prospective
A� change and baseline temporal composite tau
[� = 0.02 ± 0.022, p = 0.265].

The associations of A� and tau with cogni-
tion were lastly examined (Table 4; Supplementary
Table 2). Greater temporal cortical tau at baseline
was related to poorer memory [� = –1.32 ± 0.464,
p = 0.004] and executive function [� = –1.47 ± 0.604,
p = 0.015]. In contrast, the relationships between
baseline cortical A� and cognitive performances did
not reach statistical significance and were consider-
ably smaller in magnitude than those observed for
baseline temporal composite tau [memory compos-
ite: � = –0.24 ± 0.62, p = 0.693; executive functional
composite: � = –0.41 ± 0.807, p = 0.611]. In the lon-
gitudinal analyses, baseline temporal composite tau
predicted greater longitudinal decline in the mem-
ory composite [� = –0.41 ± 0.189, p = 0.033], but
baseline cortical A� was not associated with the
memory change. Neither A� nor tau was observed



400 R.-Q. Zhang et al. / Elevated Tau Depends on Abnormal Amyloid and Correlates with Cognition

Fig. 1. Temporal composite tau-PET SUVr by clinical diagnos-
tic cohort and amyloid status. Box plot of temporal composite
tau-PET SUVr by diagnostic cohort and amyloid status of all
389 participants. Participants with amyloid-PET cortical summary
SUVr > 1.11 were classified as amyloid-� positive; those with
amyloid-PET cortical summary SUVr ≤ 1.11 were classified as the
amyloid-� negative. p values are from the analysis of covariance
with planned contrast. The box plot whiskers extend to the lowest
and highest data points within 1.5 times the inter quartile range
from the lower and upper quartiles. The dots represent individual
points. A�(+), amyloid-� positive; A�(–), amyloid-� negative;
CN, cognitively normal, MCI, mild cognitive impairment; SUVr,
standard uptake value ratio.

Fig. 2. Estimated temporal composite tau-PET SUVr annual-
ized change. Participants with amyloid-PET cortical summary
SUVr > 1.11 were classified as amyloid-� positive; those with
amyloid-PET cortical summary SUVr ≤ 1.11 were classified as the
amyloid-� negative. A�(+), amyloid-� positive; A�(–), amyloid-�
negative; SUVr, standard uptake value ratio.

to be associated with prospective change of execu-
tive function. The interaction between A� and tau
did not show significant effect on cross-sectional and

Table 3
Effects of baseline Tau and baseline cortical A� on prospective tau

change1

Baseline Baseline
temporal cortical

composite A� × Time
tau × Time

Temporal composite ROI 0.05(0.015) 0.05(0.013)
p < 0.001 p = 0.001

Frontal 0.02(0.014) 0.02(0.013)
p = 0.146 p = 0.164

Occipital 0.03(0.014) 0.04(0.012)
p = 0.020 p = 0.005

Parietal 0.04(0.014) 0.04(0.012)
p = 0.008 p = 0.005

Temporal 0.05(0.014) 0.04(0.012)
p = 0.001 p = 0.001

Striatum 0.004(0.017) 0.00(0.015)
p = 0.819 p = 0.862

1Data were Estimate (standard errors) unless otherwise stated. All
models include covariates for baseline age, gender, educational
years and APOE �4 carriage. Log transformation was applied to
tau-PET standard uptake value ratio (SUVr) to fulfill normality
assumptions. A�, amyloid-�; ROI, regions of interest.

Table 4
Effects of baseline Tau and baseline cortical A� on cognitive per-

formance at baseline1

A� Tau A� × Tau

Composite Mem –0.24 (0.620) –1.32 (0.464) 0.19 (0.53)
p = 0.693 p = 0.004 p = 0.714

Composite EF –0.41 (0.807) –1.47 (0.604) 0.24 (0.69)
p = 0.611 p = 0.015 p = 0.727

1Data were Estimate (standard errors) unless otherwise stated. All
models include covariates for baseline age, gender, educational
years and APOE �4 carriage. A�, amyloid-�; Mem, memory; EF,
executive function.

longitudinal cognitive performance for composites of
memory and executive function, which indicated that
the effect of tau on cognition was not modified by A�.

DISCUSSION

This study investigated the different patterns of
cross-sectional tau-PET signal in A�+ and A�–
groups. In the longitudinal analysis, we observed a
significant increase in temporal composite ROI over
24 months. This increase was amyloid-dependent,
correlated with baseline tau burden. Finally, tau-PET
retention significantly explained the variance in mem-
ory and executive function composite scores, and
this was independent of the amyloid-PET retention.
Elevated tau-PET signal could predict prospective
memory decline.
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According to the research framework proposed
by NIA-AA, cognitively unimpaired individuals with
normal amyloid PET were not in the Alzheimer’s con-
tinuum and cognitively unimpaired individuals with
abnormal amyloid PET were early in the Alzheimer’s
continuum [1]. We found that elevated tau retention
in CN A�+ subjects relative to CN A�– subjects.
This replicated previous reports that A� and tau
PET measures were correlated, even among CN [16].
Furthermore, this change was not confined to the
temporal lobe, suggesting that early tau accumula-
tion may not be as spatially restricted as implied in
Braak staging [10, 28]. Taken together, subjects with
abnormal amyloid-PET scans may have increasing
tau-PET retention in widespread cortices, even at very
early stage of AD.

In subjects with positive amyloid-PET scans,
cross-sectional comparisons suggested as the disease
progresses, pathological tau accumulated within and
beyond the temporal lobe. In subjects with negative
amyloid-PET scans, the increasing tau retention was
limited to temporal lobe and frontal lobe. These find-
ings suggested that A� plaques may potentiate the
spread of tau beyond the temporal lobe [8]. Previous
studies identified a propagation pathway for tau accu-
mulation. Particularly, media/inferior temporal lobe
areas projected pathways of tau-propagation toward
the anterior pole, lateral and postero-medial tempo-
ral cortex, and midline frontal regions such as the
orbitofrontal cortex [29]. In the present study, we
found the different spatial pattern of tau progression
in A�+ and A�– subjects. This suggested that A�
might be associated with the tau propagation pat-
terns. Further studies are wanted to investigate of
association of A� and tau propagation pathway.

Early in the disease, tau-PET SUVr was elevated
in the temporal composite ROI (CN A�– versus CN
A�+). This indicated that this ROI could capture the
change in tau PET seen early in the Alzheimer’s
continuum. While later in the disease, the temporal
composite tau-PET SUVr increased as the disease
progressed (CN A�+ versus MCI A�+). These results
suggested that rather than measure progression as
change from lower to higher Braak stages, progres-
sion could also be measured as increasing tau-PET
SUVr within this temporal composite ROI. Thus,
quantification of change in tau-PET can be accom-
plished [10].

The absence of measurable change in temporal
composite tau in A�- subjects, in contrast to the
significant change in A�+ subjects (Fig. 2), sug-
gested that amyloid deposition may be a necessary

antecedent for tau accumulation [4, 9]. Mixed effect
model also pointed to baseline cortical A� as the
predictor of the rate of tau accumulation (Table 3).
The amyloid-cascade hypothesis suggests that A�
accelerates the spread of tau, disrupting function and
initiating neurodegeneration in distributed brain net-
works, resulting in cognitive decline. This hypotheti-
cal model remains to be tested with clinical trails with
anti-A� therapeutic agents [30]. Additionally, we did
not find evidence of significant association between
A� change and baseline tau burden. This may also
support the temporal ordering in the above model.

The rate of different regional tau accumulation var-
ied as a function of the baseline composite temporal
tau burden (Table 3). This result was consistent with
the hypothesis of trans-synaptic spread of tau [31,
32], in which it would be expected that the higher the
baseline tau burden, the greater the number of neurons
affected. This, in turn, would cause a greater number
of at-risk synapses and thus, a greater degree of ele-
vation in tau over the observation period [8]. This
finding may also suggest that temporal cortex areas
are the main “giver” regions for tau signal and the
temporal lobe pathology progresses distantly [29].

We found baseline temporal composite tau was
significantly associated with memory and executive
function impairment. This was in agreement with the
pathology literature, which suggested that tau tangles
but not A� plaques correlated with cognition [33].
Tau tangles are also associated with neurodegener-
ation [34–36] and are likely to be part of the chain
of events leading to cortical dysfunction and cogni-
tive impairment. We also found higher levels of tau
may demonstrate prospective memory decline. Our
results raised the possibility that halting tau accu-
mulation would prevent cognitive decline, and trials
would benefit from tau-PET to identify participants at
risk of cognitive decline [20]. Furthermore, baseline
cortical A� was not closely associated with memory
and executive function decline, and the association
between tau and cognitive decline was independent
of the amyloid-PET retention. This was consistent
with previous work suggesting that tau-PET signal
was more proximal to cognitive decline than amyloid-
PET signal [20]. However, there were other studies
showing both A� and tau were required for memory
decline during preclinical stages of AD [11, 16].

Our study had some limitations. In this study,
we only focused on the tau accumulation in com-
posite regions of interest and did not capture the
detailed topographic characteristics of tau change.
Thus, further longitudinal tau-PET studies may test
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the sequential pattern of tau accumulation and its
associations with amyloid and cognition. Addition-
ally, our analyses considered data without partial
volume correction. Partial volume correction can
reduce contamination from regions in which off-
target binding is common into neighboring regions of
interest. Our inferences of these PET imaging need
to be scrutinized further in data with partial volume
correction.

Conclusions

Our findings suggested elevated tau-PET bio-
marker may be dependent on PET-detectable
amyloid-� plaque pathology. Baseline cortical A�
burden could accelerate the tau accumulation. Thus
it is possible that anti-A� therapeutic agents might
prevent further accumulation of tau, which may slow
cognitive decline. Moreover, tau-PET retention but
not amyloid-PET retention significantly explained
the variance in memory and executive function
composite scores and demonstrated the prospective
memory decline. Thus, changes in tau burden
measured by tau-PET imaging might yield a stable,
reliable and accurate statements about cognition and
disease progression.
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