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Abstract

Introduction: Tau pathology, a hallmark of Alzheimer’s disease, is observed in the brains of virtually all
individuals over 70. Tau PET imaging enables the in vivo characterization of tau distribution and its effects
on changes in brain volume and cognitive performance in cognitively normal older individuals.
Methods: Using 18F-AV-1451 (18F-flortaucipir) PET, we evaluated tau pathology in 54 cognitively normal
participants (mean age 77.5, SD 8.9) from the Baltimore Longitudinal Study of Aging. We assessed associations
between PET signal and age, sex, race, and amyloid positivity using voxel-wise linear regression. We further
investigated associations between regional PET signal and retrospective longitudinal rates of change in regional
volumes and domain-specific cognitive function using linear mixed effects models adjusting for age, sex, and
amyloid status.
Results: Greater age, male sex, black race, and amyloid positivity were associated with higher 18F-AV-1451
retention in distinct brain regions. Areas of likely tauopathy based on the intersection of associations with
age and amyloid positivity were also identified. Adjusting for age, sex, and amyloid status, tracer retention in
the entorhinal cortex was related to lower entorhinal volume (β = −1.124,SE = 0.485, p = 0.025) and a trend
to steeper declines in hippocampal volume (β = −0.061,SE = 0.032, p = 0.061). Entorhinal 18F-AV-1451
retention was also associated with steeper decline in memory performance (β = −0.086,SE = 0.039, p = 0.029),
and signal in Braak III/IV regions was associated with steeper decline in verbal long-delay free recall
(β = −0.163, SE = 0.073, p = 0.026).
Discussion: Entorhinal tau pathology is associated with declines in memory and medial temporal lobe
volume even in cognitively normal individuals with low overall tau burden. The ability to assess medial
temporal tau pathology will provide critical insights into early structural brain changes associated with later
cognitive impairment and Alzheimer’s disease.
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uptake value ratio.
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1. Introduction

Pathological tau is a hallmark of several neurodegenerative diseases, the most prevalent of which is
Alzheimer’s disease (AD). Hyperphosphorylation of the tau protein, which normally promotes assembly and
stability of microtubules in the nervous system [1], leads to the formation of neurofibrillary tangles (NFT).
NFTs are observed at autopsy in brains of almost all individuals above 70 regardless of cognitive status,5

and tau burden correlates with brain atrophy and lower performance on neuropsychological testing prior to
death [2]. NFTs in the entorhinal cortex and hippocampus in the absence of amyloid deposition and clinical
symptomatology has been referred to as primary age-related tauopathy (PART) and is common in older
adults [3]. However, there is currently no consensus as to whether PART is distinct from the continuum of
AD [4], and a recent study from our group indicated that 47% of individuals aged ≥ 85 years with PART had10

cognitive impairment [5].
In preclinical AD, in which individuals exhibit AD neuropathology but remain cognitively normal (CN) [6],

tau pathology is hypothesized to be one of the earliest pathophysiological changes [7], with tau spreading from
the entorhinal cortex and hippocampus to the neocortex at later disease stages [8]. Given that the preclinical
stages of AD are thought to present the best opportunity for intervention to prevent or mitigate neuronal and15

cognitive deterioration, it is important to understand how tau pathology in the earliest stages might modulate
brain structure and cognition to better inform the development of therapeutics. In addition, understanding
whether tau in the absence of amyloid deposition contributes to neurodegeneration and cognitive changes may
provide insights into the optimal time frame for administering interventions aimed at modifying tau pathology.

The advent of tau radiotracers for positron emission tomography (PET) imaging has enabled the in vivo20

characterization of pathological tau, providing an important tool for understanding its correlates in aging and
the earliest stages of preclinical AD. Several studies have investigated factors associated with tau PET signal,
but most analyses include clinically impaired along with CN individuals, limiting the generalizability of these
results. Cross-sectional studies including participants with mild cognitive impairment (MCI) or AD in addition
to CN individuals have shown that higher temporal lobe tau PET signal is associated with lower memory25

performance [9, 10], and that lower hippocampal volume is associated with greater tau radiotracer retention in
the same region [10, 11]. Pontecorvo and colleagues also reported associations between higher neocortical tau
PET signal and greater cognitive impairment among amyloid positive individuals [12]. Longitudinal studies
including individuals ranging from CN to demented have further found that higher baseline tau PET signal is
associated with greater longitudinal rates of brain volume loss [13, 14] and global cognitive decline [15–17].30

The scientific literature assessing the relationships of tau PET with cognition and brain volume in samples
consisting only of CN individuals remains sparse. In a study of 30 CN older adults, adjusting for age, sex, and
a continuous measure of overall brain amyloid burden, tau PET signal in a composite of the entorhinal cortex
and hippocampus was associated with steeper longitudinal decline in episodic memory preceding PET as well
as lower episodic memory at the time of PET [18]. A study of 133 clinically healthy older adults reported a35

cross-sectional association between entorhinal tau burden and subjective cognitive complaints, independent
of amyloid pathology [19]. However, another study of 109 CN older individuals found no cross-sectional
associations between regional tau PET signal and a composite cognitive score [20]. The association of tau PET
signal with regional brain volume among CN participants is even less thoroughly explored. One cross-sectional
study of 88 CN participants found negative local correlations between tau PET signal and gray matter volume40

intensity, especially in the inferior temporal gyrus and medial temporal lobe [21]. Moreover, these authors
showed that tau PET signal in these areas also corresponded to widespread reduction in gray matter across
the cortex.

Studying tau PET signal among CN individuals is challenging given that tau deposition is not as widespread
in this population as in impaired individuals, and signal due to tau is relatively low and confounded by45

non-specific binding with current radiotracers [22, 23]. There is a need for further investigation of correlates
of tau PET signal, particularly among CN individuals, to better distinguish specific from non-specific binding.

In this study, we first identified factors associated with tau PET signal in a sample of 54 CN older adults
from the National Institute on Aging Baltimore Longitudinal Study of Aging (BLSA) using voxel-wise linear
regression. We then characterized areas where tau PET signal is more likely to reflect the tau pathology50

present in preclinical AD, rather than non-specific binding, based on the associations of the signal with
amyloid positivity and age. Finally, we examined the relationships between regional tracer retention and
retrospective longitudinal measures of regional brain volume and cognitive performance. We hypothesized that
age and amyloid positivity would be associated with tau PET signal given the relevance of these two factors
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for AD progression. We also hypothesized that tau PET signal would explain retrospective brain volume loss55

in corresponding regions and cognitive decline in domains known to be affected early in AD, particularly
memory.

2. Methods

2.1. Participants

The study sample included CN BLSA participants with a 18F-AV-1451 (18F-flortaucipir) tau PET, a60

11C-Pittsburgh compound B (11C-PiB) amyloid PET within 2.2 years of tau PET, and a structural MRI. As
of January 18, 2018, tau PET scans were acquired on 63 participants. Four had a non-CN status, two did not
have an MRI at the time of analysis, one was subsequently discovered to have had an unreported myocardial
infarction prior to enrollment (therefore meeting the exclusion criteria for PET study enrollment), and one
was determined to be an outlier due to highly lateralized cortical signal. The final sample, after excluding65

these cases, consisted of 54 individuals (Table 1). For 47 of these participants, MRI and PET scans were ≤ 6
months apart. They were 0.6, 2.1, 2.1, 4.1, 4.6, 5.8, 7.3 years apart for the remaining 7 participants.

Normal cognitive status was based on either (i) a Clinical Dementia Rating score [24] of zero and ≤ 3
errors on the Blessed Information-Memory-Concentration Test [25], and therefore the participant did not
meet criteria for consensus conference; or (ii) the participant met criteria for consensus conference and was70

determined to be CN based on thorough review of clinical and neuropsychological data.
Research protocols were approved by local institutional review boards, and all participants gave written

informed consent at each visit. At enrollment into the PET neuroimaging substudy of the BLSA, all
participants were free of CNS disease (dementia, stroke, bipolar illness, epilepsy), severe cardiac disease
(one participant had a myocardial infarction and another was diagnosed with congestive heart failure after75

enrollment into the PET substudy but before tau PET scan), severe pulmonary disease, and metastatic cancer.

2.2. Structural imaging

Magnetization-prepared rapid gradient echo (MPRAGE) images were acquired on a 3 T Philips Achieva
scanner (repetition time = 6.8 ms, echo time = 3.2 ms, flip angle = 8°, image matrix = 256 × 256, 170 slices,
voxel size = 1 × 1 × 1.2 mm). Anatomical labels and global and regional brain volumes were obtained using80

Multi-atlas region Segmentation using Ensembles of registration algorithms and parameters (MUSE) [26].
Regions of interest (ROI) included Braak I (entorhinal cortex), Braak II (hippocampus), Braak III/IV
(composite of parahippocampal gyri, fusiform, lingual gyri, inferior and middle temporal gyri, posterior
cingulate gyri, temporal pole, insula, amygdala, thalamus, and caudate), and Braak V/VI (precentral, superior
frontal, postcentral gyri, cuneus). We performed intracranial volume (ICV) correction using the approach85

employed by Jack et al. [27], computing residual volumes for each ROI, which is the difference, in cm3, from
the regional volume that would be expected at a given intracranial volume.

2.3. Amyloid imaging

PET scans were obtained over 70 min on a GE Advance scanner immediately following an intravenous
bolus injection of approximately 555 MBq (15 mCi) of 11-C-PiB. Dynamic images were reconstructed using90

filtered back-projection with a ramp filter, yielding a spatial resolution of approximately 4.5 mm full-width at
half-maximum (FWHM) at the center of the field of view (image matrix = 128 × 128, 35 slices, voxel size =
2 × 2 × 4.25 mm). Each of the 33 time frames was aligned to the mean of the first 2 min to correct for motion
using SPM’s Realign (https://www.fil.ion.ucl.ac.uk/spm/software/spm12/) [28]. The average of the
first 20 min of PET scans was rigidly registered onto the corresponding inhomogeneity-corrected MPRAGE,95

and the anatomical label image was transformed from MRI to PET space using FLIRT [29] implemented in
FSL (https://fsl.fmrib.ox.ac.uk/fsl, version 6.0) [30]. Distribution volume ratio (DVR) images were
computed in PET native space using a simplified reference tissue model [31] with cerebellar gray matter
as the reference region. Mean cortical amyloid-β burden was calculated as the average of the DVR values
in cingulate, frontal, parietal (including precuneus), lateral temporal, and lateral occipital cortical regions,100

excluding the sensorimotor strip. Individuals were categorized as amyloid –/+ based on a mean cortical DVR
threshold of 1.057, which was derived from a Gaussian mixture model (Figure A.1).
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Table 1: Participant demographics.

Amyloid− Amyloid+
a. Voxel-wise analysis sample (n = 54) (n = 41) (n = 13)

Age at 18F-AV-1451 PET scan (yrs), mean (SD) 77.2 (8.9) 78.2 (9.3)
Male, n (%) 16 (39%) 8 (62%)
Black, n (%) 8 (20%) 4 (31%)
Yrs of education, mean (SD) 17.9 (2.1) 16.6 (2.2)
APOE ε4+, n (%) 11 (27%) 7 (54%)

Amyloid− Amyloid+
b. Cognition sample (n = 53) (n = 40) (n = 13)

Age at 18F-AV-1451 PET scan (yrs), mean (SD) 77.6 (8.7) 78.2 (9.3)
Male, n (%) 16 (40%) 8 (62%)
Black, n (%) 8 (20%) 4 (31%)
Yrs of education, mean (SD) 17.8 (2.1) 16.6 (2.2)
APOE ε4+, n (%) 10 (25%) 7 (54%)
Number of cognitive assessments, mean (SD) 8 (5.2) 6.5 (5.5)
Duration of cognitive follow-up (yrs), mean (SD) 13.9 (8) 11.5 (8.7)

Amyloid− Amyloid+
c. Brain volume sample (n = 50) (n = 38) (n = 12)

Age at 18F-AV-1451 PET scan (yrs), mean (SD) 77.3 (8.9) 77.8 (9.5)
Male, n (%) 15 (39%) 7 (58%)
Black, n (%) 8 (21%) 3 (25%)
Yrs of education, mean (SD) 17.9 (2.1) 16.7 (2.3)
APOE ε4+, n (%) 10 (26%) 6 (50%)
Number of MRI scans, mean (SD) 5.3 (4.9) 4.3 (4.6)
Duration of MRI follow-up (yrs), mean (SD) 7.4 (6.8) 6.2 (6.5)

2.4. Tau imaging

PET scans were obtained over 30 min on a Siemens High Resolution Research Tomograph (HRRT)
scanner starting 75 mins after an intravenous bolus injection of approximately 370 MBq (10 mCi) of 18F-105

AV-1451. Dynamic images were reconstructed using ordered subset expectation-maximization to yield 6
time frames of 5 mins each with approximately 2.5 mm FWHM at the center of the field of view (image
matrix = 256 × 256, 207 slices, voxel size = 1.22 × 1.22 × 1.22 mm). We aligned the time frames between
80–100 minutes to the first frame in this interval using SPM’s Realign. The 20 min average PET image
was registered onto the inhomogeneity-corrected MPRAGE using rigid registration with FLIRT. Anatomical110

labels defined in MRI space were transformed into PET space. The 20 min average PET image was partial
volume corrected using the Region-Based Voxel-wise (RBV) method [32] implemented in the PETPVC toolbox
(https://github.com/UCL/PETPVC, version 1.2.0-b) [33]. For the geometric matrix transfer step of RBV,
we used 26 bilateral MUSE ROIs (see Appendix B). We computed standardized uptake value ratio (SUVR)
images by dividing the partial volume corrected PET intensities by the mean within the inferior cerebellar115

gray matter, which was defined using the approach described by Baker et al. [34] based on the SUIT atlas [35].
Mean SUVR was calculated for each cortical ROI. SUVR images were mapped into MNI space using the warp
computed from ANTs (http://stnava.github.io/ANTs/, version 2.1.0) [36] deformable registration of the
corresponding MRIs to a study-specific MRI template, and smoothed with a Gaussian filter (FWHM = 6 mm)
prior to statistical analysis. We computed the average SUVR in each Braak ROI. Braak II (hippocampus)120

SUVRs were excluded from analysis due to choroid plexus signal spillover (Lee et al., 2018). PET image
processing steps were streamlined using nipype (https://nipype.readthedocs.io/, version 1.0.3) [37] in
Python 3.6.5.
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2.5. Neuropsychological testing

Cognitive domain scores were obtained for memory (California Verbal Learning Test (CVLT) [38] immediate125

and long-delay free recall), attention (Trail Making Test [39] Part A and Digit Span [40] Forward), executive
function (Trail Making Test Part B and Digit Span Backward), language (Category [41] and Letter Fluency [42]),
visuospatial processing (Card Rotations Test [43], Clock Drawing Test [44]), and processing speed (Digit
Symbol Substitution Test) [40]. These scores were computed by first converting each test score to a z-score
using the baseline mean and standard deviation, and then averaging the z-scores within each cognitive domain.130

Prior to computing the z-scores for Trail Making Test Parts A and B, the individual cognitive test scores
(time to completion, in seconds) were log transformed and negated so that higher z-scores indicated less time
to completion.

2.6. Statistical analysis

2.6.1. Factors associated with tau accumulation135

We used multiple linear regression to assess the associations between demographics, amyloid positivity
and voxel-wise 18F-AV-1451 SUVR. Independent variables included age, sex, race, amyloid status, and
age × amyloid status. Education was not included as a predictor because of its low variance in our sample.
Each independent variable was mean-centered to facilitate interpretation of model results. Voxel-wise linear
regression was conducted using SPM12. Statistical significance was based on two-tailed T-tests with p < 0.001140

(uncorrected for multiple comparisons) and restricted to clusters of at least 400 voxels. Regression results
were visualized as dual-coded images [45] using the nanslice package (https://github.com/spinicist/
nanslice). MNI coordinates of peak voxels and local maxima within significant clusters were obtained using
atlasreader [46]. We transformed these MNI coordinates into Talairach coordinates [47] using an in-house
Python implementation of the coordinate look-up procedure implemented in BioImage Suite Web, which is145

based on a non-linear mapping between a digitized Talairach atlas and the MNI template [48]. We performed
a 9 mm-wide cube range search using the Talairach Client (http://www.talairach.org/client.html) to
obtain anatomical labels for each peak and subpeak. The label with the most hits in the cube was chosen
as the corresponding anatomical label. For top hits that were not assigned a Brodmann area (BA) in the
Talairach client output, if there was another hit with the same anatomical label as the top hit, we report their150

BA where applicable. All label and BA assignments were confirmed via visual inspection and corrected as
necessary.

Given that voxel-wise analyses might be susceptible to inter-subject registration errors, we tested the
relationship between these predictors and regional 18F-AV-1451 SUVR means computed in native PET space
to verify our voxel-wise findings. Six anatomical ROIs were selected based on the observed voxel-wise effects155

and these effects were corroborated using a native space ROI approach (see Appendix C).
To identify voxels where 18F-AV-1451 PET signal likely reflects preclinical AD-related tau pathology rather

than non-specific binding in our sample of CN older adults, we created a conjunction map of the statistically
significant voxels for three different effects in our model. First, we restricted the map to voxels with a positive
effect of amyloid status given that amyloid accumulation is thought to be the earliest detectable brain change160

in preclinical AD [6, 7]. Next, we restricted the map to voxels with a positive age effect based on the hypothesis
that tau accumulates with age in preclinical AD [49]. Lastly, given that we were interested in areas of greater
age-related tau increase in amyloid positive individuals, we restricted the map to voxels where slope between
age and tau PET signal differed by amyloid group (i.e., the positive age × amyloid group interaction term).
The resulting conjunction map thus includes only voxels where (1) the age association with tau PET signal165

is stronger among amyloid positive versus negative individuals, (2) tau PET signal increases with age, and
(3) where tau PET signal is greater in amyloid positive versus negative individuals. p < 0.05 was used to
threshold each individual map and an extent threshold of 400 voxels was applied to the conjunction map.
Results were visualized in a ‘glass brain’ format using nilearn [50] in Python 3.7.2. All of these steps were
streamlined using the nipype package [37].170

2.6.2. Longitudinal regional brain volume change and co-localized tau accumulation

We assessed associations between regional 18F-AV-1451 SUVR and retrospective change in the volume
of the same region using separate linear mixed effects models for each Braak ROI. The dependent variable
was ICV-adjusted regional volumes prior to and concurrent with the tau PET scans. Age at and time
from tau PET scan, sex, amyloid status (+ vs –), amyloid status × time, regional 18F-AV-1451 SUVR, and175
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SUVR × time were included as independent variables. To facilitate interpretation, regional 18F-AV-1451
SUVRs were mean-centered. Random effects were included for intercept and time. This analysis was restricted
to individuals who had a volumetric measurement prior to and within 3 years of tau PET (n = 50, total
number of longitudinal MRI assessments = 253). Additionally, we conducted analyses using ICV-adjusted
bilateral hippocampal volume and bilateral entorhinal cortex volume as the dependent variable rather than180

corresponding regional volume given the relevance of volume change in these regions to preclinical AD [21].

2.6.3. Longitudinal cognition and tau accumulation

We assessed associations between 18F-AV-1451 SUVR and retrospective change in cognition using linear
mixed effects models with age at and time from tau PET scan, sex, years of education, amyloid status, amyloid
status × time interaction, regional 18F-AV-1451 SUVR, and regional SUVR × time interaction as independent185

variables. This analysis was restricted to individuals who had a cognitive assessment prior to and within 3
years of tau PET (n = 53). Across the 53 participants meeting this criterion, there were 401 total observations
for memory, 351 for attention and executive function, 363 for language, 293 for visuospatial processing, and
249 for processing speed, with differences in sample sizes primarily reflecting historical differences in age
at which specific tests were administered. Cognitive performance in memory, attention, executive function,190

language, visuospatial processing, and processing speed were each considered as a dependent variable in
separate analyses. Amyloid status and regional 18F-AV-1451 SUVRs were centered around the sample
mean as before. Random effects were included for intercept and time. We used the nlme [51] package in R
(https://cran.r-project.org, version 3.5.1) to fit the linear mixed effects models.

2.7. Computational reproducibility195

PET image processing steps to generate SUVR images and all statistical analyses were containerized
using Singularity [52] to ensure computational reproducibility. To compile this manuscript, we used the
following R packages: knitr [53, 54] to generate this manuscript directly incorporating results from R,
kableExtra [55] to format tables, stargazer [56] to tabulate model results, ggplot2 [57] to generate the
scatter and trajectory plots, and ggpubr [58] to create panel figures. Code for replicating the statistical200

analyses and producing this manuscript (except for manual edits in peak tables) is provided at https:

//gitlab.com/bilgelm/tau_predictors, and the Singularity image containing all necessary software at
https://www.singularity-hub.org/collections/2612.

Data used in these analyses are available upon request from the BLSA website (https://www.blsa.nih.
gov). All requests are reviewed by the BLSA Data Sharing Proposal Review Committee and are also subject205

to approval from the NIH IRB.

3. Results

3.1. Factors associated with tau accumulation

The association between age and 18F-AV-1451 SUVR was stronger among amyloid positive compared to
negative individuals in the right middle temporal gyrus, left middle frontal gyrus, and bilaterally in the cuneus,210

cingulate, superior frontal, and postcentral gyri (Table D.1). There were no regions where the association
between age and 18F-AV-1451 SUVR was stronger in the amyloid negative group. In the amyloid positive
group, greater age was associated with higher 18F-AV-1451 SUVR in bilateral putamen, right inferior frontal,
and right middle occipital gyri (Table D.2). In the amyloid negative group, greater age was associated with
lower 18F-AV-1451 SUVR particularly in sulcal cerebrospinal fluid, ventricular, and periventricular areas215

(Table D.3). There were no regions in the amyloid positive group where lower SUVR was associated with
higher age, and no regions in the amyloid negative group where higher SUVR was associated with higher
age. There was a main effect of amyloid status in right middle frontal gyrus, right superior and middle
temporal gyri, left superior occipital gyrus, and bilateral middle temporal gyri, middle occipital gyri and
cuneus (Table D.4), such that positive individuals had greater 18F-AV-1451 signal compared to negative220

individuals. There were no regions that showed greater 18F-AV-1451 signal for amyloid negative relative to
positive individuals. Men compared with women had higher 18F-AV-1451 SUVR in bilateral frontal, parietal,
and lateral temporal cortices as well as in bilateral limbic areas (Table D.5). There were no regions where
females had greater 18F-AV-1451 signal compared to men. Finally, black race was associated with higher
18F-AV-1451 SUVR in bilateral occipital and temporal lobes as well as superior frontal areas (Table D.6).225
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These effects are visualized for select brain slices in Figure 1. Unthresholded statistical maps and corresponding
imaging files from SPM output are available in NeuroImaging Data Model (NIDM)-Results format [59] at
https://neurovault.org/collections/LGNABWKB [60].

Figure 1: Predictors of 18F-AV-1451 tau PET signal among cognitively normal older adults. In these dual-coded representations of
voxel-wise linear regression results, color indicates the estimated regression coefficient and transparency corresponds to the absolute
T-value (with 0 as completely transparent and ≥ 5 as completely opaque). Voxels that reach significance (uncorrected p < 0.001,
cluster size ≥ 400 voxels) are circumscribed by black contour. (A) Age by amyloid status interaction. (B) Main effect of age
in amyloid positive individuals. (C) Main effect of age in amyloid negative individuals. (D) Main effect of amyloid positivity.
(E) Main effect of male sex. (F) Main effect of black race. Color bars on the left and right correspond to panels A–C and D–F,
respectively.

Voxels showing higher 18F-AV-1451 SUVR in amyloid positive individuals, a positive age effect in the
amyloid positive group, and a significant age × amyloid group interaction comprised bilateral superior and230

middle frontal, superior and middle temporal, parahippocampal, and middle occipital gyri (Table 4). The
resulting conjunction map aimed at identifying areas where 18F-AV-1451 SUVR likely reflects preclinical AD
tau pathology is shown in Figure 2.

3.2. Regional brain volume and tau accumulation

Cross-sectionally, higher entorhinal cortex 18F-AV-1451 SUVR was associated with smaller volume in235

this region (β = −1.124,SE = 0.485, p = 0.025) (Table 2). Greater 18F-AV-1451 SUVR in Braak III/IV was
also associated with smaller regional volume in the entorhinal cortex (β = −1.634,SE = 0.804, p = 0.049)
(Table E.1). In addition, greater 18F-AV-1451 SUVR in the entorhinal cortex was associated with a trend to
steeper longitudinal decline in hippocampal volume (β = −0.061, SE = 0.032, p = 0.061) (Table 2).

3.3. Cognition and tau accumulation240

Lower attention scores were cross-sectionally associated with greater 18F-AV-1451 SUVR in Braak III/IV
(β = −2.463,SE = 1.121, p = 0.033) (Table F.1) as well as in Braak V/VI (β = −2.033,SE = 0.885, p = 0.027)
(Table F.2).

Steeper decline in the memory score was associated with greater 18F-AV-1451 SUVR in the entorhinal
cortex (β = −0.086,SE = 0.039, p = 0.029) (Figure 3, Table 3). The strength of this association was greater245

for the CVLT long-delay free recall component (β = −0.095,SE = 0.042, p = 0.024) than for the immediate
recall component (β = −0.078,SE = 0.041, p = 0.06) (Table F.3). Higher Braak III/IV SUVR was also
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Figure 2: Conjunction map representing where 18F-AV-1451 tau PET signal likely reflects areas of accumulating tau pathology
in cognitively normal older adults. (A) Glass brain visualization of voxels where amyloid positive individuals have greater signal
than amyloid negative individuals, where tracer signal is positively correlated with age among amyloid positive individuals, and
where the age association is stronger among amyloid positive compared to amyloid negative individuals. Each component is
thresholded at uncorrected p < 0.05 and cluster size ≥ 400 voxels. (B) Scatter plot of mean 18F-AV-1451 SUVR extracted from
the conjunction map mask vs. age. Amyloid positive individuals exhibit a positive association between age and tracer signal and
higher overall tracer signal than amyloid negative individuals.

Table 2: Linear mixed effects models of the relationship between entorhinal 18F-AV-1451 SUVR and intracranial volume adjusted
regional volume in the entorhinal cortex and hippocampus. Estimated fixed effects are reported along with their standard errors
in parentheses.

Dependent variable: Regional volume (cm3)
Entorhinal volume Hippocampal volume

Intercept −0.301∗∗∗ (0.063) −0.338∗∗∗ (0.073)
p = 0.000004 p = 0.00001

Age at PET scan −0.030∗∗∗ (0.007) −0.045∗∗∗ (0.008)
p = 0.0002 p = 0.000003

Sex
(ref = female)

0.338∗ (0.129) 0.383∗ (0.148)
p = 0.013 p = 0.014

Amyloid group

(ref = amyloid–)
0.231 (0.152) −0.108 (0.175)

p = 0.136 p = 0.541

Entorhinal SUVR −1.124∗ (0.485) −0.474 (0.562)
p = 0.025 p = 0.404

Time from PET −0.055∗∗∗ (0.007) −0.046∗∗∗ (0.005)
p = 0.000 p = 0.000

Amyloid group
× time

−0.001 (0.017) 0.013 (0.012)
p = 0.960 p = 0.267

Entorhinal SUVR
× time

−0.047 (0.046) −0.061 (0.032)
p = 0.308 p = 0.061

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001

associated with steeper declines in CVLT long-delay free recall (β = −0.163,SE = 0.073, p = 0.026), but not
immediate recall (β = −0.091, SE = 0.074, p = 0.22) (Table F.4).
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Table 3: Linear mixed effects models of the relationship between entorhinal 18F-AV-1451 SUVR and cognition. Estimated fixed
effects are reported along with their standard errors in parentheses.

Dependent variable: Cognitive testing performance (z-score)

Memory Attention
Executive
Function Language

Visuospatial

Processing

Processing

Speed

Intercept 0.126 (0.125) 0.119 (0.095) 0.014 (0.099) 0.062 (0.125) −0.049 (0.092) 0.019 (0.117)
p = 0.312 p = 0.213 p = 0.891 p = 0.619 p = 0.597 p = 0.869

Age at PET scan −0.029∗ (0.012) −0.023∗ (0.011) −0.021 (0.011) −0.028∗ (0.013) −0.022∗ (0.010) −0.055∗∗∗ (0.013)
p = 0.021 p = 0.037 p = 0.058 p = 0.038 p = 0.030 p = 0.0001

Sex
(ref = female)

−0.082 (0.217) −0.185 (0.188) −0.064 (0.195) 0.022 (0.239) 0.151 (0.163) −0.450 (0.230)
p = 0.708 p = 0.331 p = 0.745 p = 0.928 p = 0.361 p = 0.057

Education (years) −0.066 (0.051) 0.016 (0.045) −0.006 (0.046) −0.052 (0.056) −0.005 (0.038) 0.148∗∗ (0.055)
p = 0.205 p = 0.717 p = 0.896 p = 0.354 p = 0.889 p = 0.010

Amyloid group

(ref = amyloid–)
0.131 (0.308) 0.118 (0.238) −0.294 (0.247) −0.137 (0.310) 0.030 (0.226) 0.021 (0.291)

p = 0.673 p = 0.623 p = 0.241 p = 0.661 p = 0.896 p = 0.943

Entorhinal SUVR −0.769 (0.942) −0.951 (0.714) 0.321 (0.746) −0.503 (0.946) 0.399 (0.688) −0.242 (0.885)
p = 0.419 p = 0.190 p = 0.670 p = 0.598 p = 0.565 p = 0.786

Time from PET −0.023∗∗∗ (0.006) −0.020∗∗∗ (0.006) −0.016∗∗∗ (0.004) −0.011∗ (0.005) −0.024∗∗∗ (0.005) −0.097∗∗∗ (0.010)
p = 0.0001 p = 0.001 p = 0.0004 p = 0.016 p = 0.000002 p = 0.000

Amyloid group
× time

0.007 (0.014) −0.016 (0.015) −0.019 (0.010) 0.023∗ (0.011) 0.006 (0.011) −0.038 (0.026)
p = 0.646 p = 0.271 p = 0.056 p = 0.047 p = 0.588 p = 0.147

Entorhinal SUVR
× time

−0.086∗ (0.039) 0.017 (0.033) 0.035 (0.023) −0.037 (0.026) 0.045 (0.027) −0.001 (0.073)
p = 0.029 p = 0.611 p = 0.128 p = 0.161 p = 0.095 p = 0.988

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Figure 3: Entorhinal 18F-AV-1451 tau PET signal is associated with steeper retrospective longitudinal decline in the composite
memory score. (A) Individual-level memory change predicted by linear mixed effects model. (B) Rate of decline (z-score/decade)
in memory performance as a function of 18F-AV-1451 tau PET signal in the entorhinal cortex. Fitted values for rate of change
are plotted for each individual in the sample.

Table 4: Peaks and subpeaks in the age × amyloid interaction term T-value map restricted to the conjunction mask. We also
report the T-values for the age and amyloid group terms at these coordinates.

T-value

Label Volume
(mm3)

MNI (x, y, z) age ×
amyloid

age amyloid

Bilateral

Parietal, Cingulate
R Precuneus BA 31 (8, -63, 31) 4.01 2.63 2.01
L Cingulate Gyrus BA 31 (-3, -48, 27) 3.58 2.11 2.25
R Cingulate Gyrus BA 31

2093

(12, -52, 25) 3.83 3.49 2.60

Left hemisphere

Cingulate
Anterior Cingulate BA 32 746 (-15, 35, 17) 4.24 2.52 2.05

Frontal
Inferior Frontal Gyrus BA 44 (-47, 10, 11) 4.63 3.75 3.15
Precentral Gyrus BA 4

1042
(-52, 5, -1) 4.66 2.22 2.14

Middle Frontal Gyrus BA 10 415 (-34, 50, 8) 4.20 2.88 2.55
Middle Frontal Gyrus BA 6 (-42, 4, 46) 5.09 4.36 2.62
Precentral Gyrus BA 6 (-51, -4, 45) 3.73 3.07 2.42
Superior Frontal Gyrus BA 8

1661

(-36, 17, 52) 2.82 2.26 3.15
Superior Frontal Gyrus BA 9 515 (-15, 37, 42) 4.29 3.65 2.23

Occipital
Cuneus BA 18 479 (0, -87, 18) 5.13 3.83 2.11

Parietal
Angular Gyrus BA 39 (-47, -63, 30) 4.39 3.24 2.30
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Inferior Parietal Lobule BA 40
849

(-41, -57, 45) 2.82 2.08 2.28
Parietal Sub-Gyral 475 (-24, -61, 34) 3.96 2.94 2.04
Postcentral Gyrus BA 43 1184 (-52, -15, 19) 4.56 3.24 3.29

Temporal
Fusiform Gyrus BA 20/37 (-30, -42, -23) 2.90 2.65 2.05
Parahippocampal Gyrus BA 36

1073
(-28, -48, -12) 3.52 2.79 2.11

Temporal, Occipital
Middle Temporal Gyrus (-33, -71, 19) 4.15 3.19 2.79
Middle Temporal Gyrus BA 39 (-45, -70, 10) 3.06 2.26 2.08
Inferior Occipital Gyrus BA 19 (-41, -87, 1) 4.08 2.52 2.24
Lingual Gyrus BA 18 (-17, -80, -11) 4.02 3.73 2.26
Lingual Gyrus BA 19 (-26, -71, -8) 3.80 2.63 2.11
Middle Occipital Gyrus BA 18 (-27, -94, 9) 3.93 2.67 3.38
Superior Occipital Gyrus BA 19

7774

(-35, -83, 24) 4.07 3.41 2.99

Right hemisphere

Frontal
Frontal Sub-Gyral (34, 26, 13) 4.69 4.28 2.08
Inferior Frontal Gyrus BA 47 (44, 28, 5) 3.22 2.32 2.19
Middle Frontal Gyrus BA 9

663

(31, 30, 31) 3.16 2.98 2.04
Superior Frontal Gyrus BA 6 442 (14, 8, 66) 3.33 2.25 2.25

Frontal, Subcortical
Insula BA 13 (37, 10, -7) 3.68 2.91 2.13
Lateral Globus Pallidus (13, 5, -2) 2.54 3.09 2.08
Lateral Putamen

3168

(32, 6, 6) 3.83 4.27 2.02

Parietal, Temporal
Supramarginal Gyrus BA 40 (49, -52, 35) 3.83 2.84 2.22
Superior Temporal Gyrus BA 39

1346
(52, -62, 26) 4.06 3.03 3.21

Temporal
Inferior Temporal Gyrus BA 20 (46, 1, -40) 3.70 3.88 2.54
Middle Temporal Gyrus BA 20 (44, 8, -29) 3.85 3.59 2.61
Middle Temporal Gyrus BA 21

3457

(58, -6, -25) 3.64 3.12 2.25
Inferior Temporal Gyrus BA 20 652 (50, -21, -24) 2.50 2.15 3.48
Superior Temporal Gyrus BA 42 785 (61, -30, 16) 4.41 2.80 2.03

Temporal, Occipital
Fusiform Gyrus BA 19 (32, -48, -12) 2.79 2.28 2.45
Fusiform Gyrus BA 37 (43, -41, -17) 2.62 2.46 2.12
Middle Temporal Gyrus BA 21 (65, -20, -14) 3.99 3.78 2.07
Middle Temporal Gyrus BA 22 (62, -36, -5) 3.65 3.57 2.03
Middle Temporal Gyrus BA 37 (56, -47, -16) 4.58 4.29 2.49
Middle Temporal Gyrus BA 39 (43, -71, 14) 4.12 3.75 2.04
Superior Temporal Gyrus BA 22 (56, -50, 10) 3.24 2.72 2.95
Middle Occipital Gyrus BA 19

13353

(45, -77, -8) 5.21 5.75 4.15

Abbreviations:
BA = Brodmann area, L = Left, R = Right.

4. Discussion250

Our study investigated tau PET signal among cognitively normal individuals. We evaluated the cross-
sectional associations of 18F-AV-1451 SUVR with age, sex, race, and amyloid status. Given that AV-1451
exhibits non-specific binding [61] and that SUVR measures are confounded by blood flow effects [62], we sought
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to identify brain areas where 18F-AV-1451 SUVR is more likely to reflect specific binding to phosphorylated
tau. To this end, we employed a conjunction map approach guided by the current hypotheses in preclinical255

AD research that the presence of amyloid enables, is a risk factor for, or is a biomarker of the spread of tau
pathology into the neocortex [63], and that tau pathology becomes more prevalent with age. Through this
conjunction map, we identified the parahippocampal, superior and middle temporal, superior and middle
frontal, and middle occipital gyri as the main areas of 18F-AV-1451 retention that are likely to reflect tau
pathology among cognitively normal individuals with elevated levels of amyloid deposition. Finally, we assessed260

the associations between 18F-AV-1451 SUVR and rates of volumetric and cognitive change and found that
higher entorhinal 18F-AV-1451 retention was associated with steeper decline in verbal memory and a trend to
steeper decline in hippocampal volume.

Our finding of higher 18F-AV-1451 SUVR in temporal, temporoparietal, and frontal cortical areas among
amyloid+ compared to amyloid– individuals is in agreement with previous studies of cognitively normal265

older adults [18, 49]. In amyloid negative individuals, we found that 18F-AV-1451 SUVR was lower at
greater ages, largely confined to periventricular white matter and sulcal CSF which are regions of suspected
non-specific tracer signal. Conversely, 18F-AV-1451 SUVR was higher at older ages among amyloid positive
individuals in the putamen, right inferior frontal, and right middle occipital gyri. The association between
tracer retention and age modulated by amyloid status did not reach significance in the putamen, but amyloid270

positive individuals exhibited stronger associations in several cortical regions. These findings suggest that
the association in the putamen may be driven by non-specific binding whereas cortical associations may
more likely be due to tau pathology. Similarly, the observed interaction between amyloid status and age
might be reflective of cortical areas of faster tau accumulation among amyloid positive individuals. This
interpretation is supported by the finding of a previous longitudinal tau PET study showing that amyloid275

positive individuals had steeper tau PET signal increases in basal and mid-temporal, retrosplenial, posterior
cingulate, and entorhinal cortex [64]. Another study of longitudinal tau accumulation showed increases in
18F-AV-1451 retention over 1–3 years in temporal and medial parietal areas in healthy older adults [65], in
agreement with the regions identified in our conjunction map. In another recent study, individuals with
baseline 18F-AV-1451 SUVR in the second quartile exhibited increases over 18 months in inferior and lateral280

temporal cortex and in posterior cingulate [17].
Men in our sample had higher 18F-AV-1451 SUVR than women, mainly in frontal and parietal white

matter and thalamus, areas that were not included in our conjunction map. Previous studies utilizing tau PET
imaging have not shown widespread or consistent sex differences in tracer retention [49, 66], and given that
women exhibit a greater degree of AD pathology than men in ex vivo measures of tau [67], it seems likely that285

the sex differences we observed are largely driven by non-specific binding of the radiotracer. Additionally, we
found higher 18F-AV-1451 SUVR among black individuals in confined regions of the cortex. Black individuals
exhibit lower levels of CSF-tau than white individuals [68], but greater incidence of postmortem NFT in
Braak V/VI in black individuals has also been observed[69]. Race-related differences in 18F-AV-1451 retention
in the choroid plexus have been previously reported [70], but the proximity of most statistically significant290

clusters to the edge of the brain in our sample suggests that these findings may be in part due to spill-over
from non-specific meningeal binding of the tracer. Potential sex and race differences in tau deposition will
require further study in large and diverse samples.

Adjusting for age, sex, and amyloid status, we found that higher entorhinal 18F-AV-1451 SUVR was
associated with lower brain volume in this region and with a trend to greater rate of decline in hippocampal295

volume. These findings suggest that tau accumulation may help explain differences in regional volume in
certain brain areas, as well as variation in volume changes in areas relevant for cognitive processes affected in
AD. Previous studies of the relationship between PET tau and brain atrophy have reported more extensive
associations between tau pathology and regional volume. Iaccarino et al. [14] observed that greater 18F-AV-1451
SUVR was associated with lower gray matter volume cross-sectionally in anterior frontal and posterior occipital300

areas. Das et al. [13] also found that greater medial temporal lobe 18F-AV-1451 SUVR was associated with
both cross-sectional cortical thickness and rate of thickness change in amyloid positive individuals. Notably,
these studies utilized cohorts that included both MCI and AD individuals as well as healthy controls. The
absence of a widespread association between 18F-AV-1451 SUVR and brain volume change in our sample
suggests that associations between tau pathology and neurodegeneration are modest in cognitively normal305

individuals with low overall tau burden, but become more pronounced with the onset of symptomatic disease
and cognitive impairment.
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Adjusting for age, sex, education, and amyloid status, we observed that greater 18F-AV-1451 retention
in the entorhinal cortex and in Braak III/IV regions was associated with steeper decline in verbal memory
performance. This finding in cognitively normal individuals reinforces the notion that tau accumulation in310

areas associated with the earliest pathological burden may influence changes in cognitive domains known to be
affected in AD. We had found an association between amyloid status and steeper memory decline in a previous
analysis using the BLSA amyloid PET data [71]. Interestingly, this association was not statistically significant
in our current analyses including entorhinal 18F-AV-1451 SUVR as an independent variable. This suggests that
tau rather than amyloid deposition may be more strongly associated with cognition, consistent with previous315

findings [9]. Retention in Braak III/IV as well as Braak V/VI regions was also associated cross-sectionally with
worse performance in the attention domain, an unexpected finding that requires replication. Other studies
have reported a relationship between tau burden and performance in multiple cognitive domains [15, 72], but
these findings were likely driven by the clinically-impaired individuals included in the sample.

AD pathology has long been considered to influence cognition via its effects on neuronal integrity and320

brain atrophy. Pathological amyloid and tau together at the synapse have been associated with altered
calcium signaling, mitochondrial disruption, and impaired microtubule function [73]. Hyperphosphorylated
tau in particular is thought to lead to neurodegeneration and brain atrophy via disruption of its microtubule-
stabilizing role, in addition to the influence of tau aggregates on functional protein trafficking, resulting in
axonal and dendritic transport deficits [74]. Neurodegeneration in brain regions associated with cognitive325

function may thus help explain the cognitive decline observed in AD. However, our finding that 18F-AV-1451
retention was associated with memory decline but not widespread brain volume loss suggests that atrophy in
areas relevant for cognitive function may not be the only mechanism by which tau accumulation can influence
cognition. Indeed, some have suggested that alterations in the integrity of functional brain networks mediated
by AD pathology may anticipate cognitive changes in preclinical AD [75].330

This study has several limitations. The relationships between PET tau and cognitive and volume declines
were assessed retrospectively rather than prospectively due to the relatively recent implementation of tau PET
in the BLSA. For this same reason, our sample size was limited, particularly for amyloid positive individuals.
Future studies in a larger sample will be necessary to more fully investigate associations between amyloid,
18F-AV-1451 retention, and time.335

Our study also has several strengths. Our sample consisted of cognitively normal individuals from the
BLSA, enabling us to study individuals in the early stages of tau pathology. In addition, by avoiding analyses of
18F-AV-1451 signal in the hippocampus, we address the potential pitfall of choroid plexus signal contamination.
Finally, our study takes advantage of the considerable amount of cognitive testing and volumetric data from
the BLSA that allow us to make inferences about the influence of PET tau on retrospective longitudinal340

declines.
Overall, our results point to a relationship between tau pathology and early changes in cognition in

older individuals, even for those without a high degree of pathology or cognitive impairment. These findings
also suggest the importance of 18F-AV-1451 PET for characterizing tau pathology in cognitively intact
individuals and as a potential tool for predicting cognitive change early in AD progression. Future studies345

should investigate prospective cognitive and volumetric changes in relation to both timing and spread of
tau deposition and their utility in predicting the trajectory of AD pathologies and symptoms. Further,
effects of tau deposition on changes in functional connectivity in brain networks underlying cognitive function
may provide additional insights into the relationship between pathology and cognitive decline in preclinical
individuals.350
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Appendix A. Determination of amyloid status

Figure A.1: Result of the two-class Gaussian mixture model fitted on baseline mean cortical DVR. Red and green density curves
correspond to the amyloid– and amyloid+ groups, respectively. Mean cortical DVR corresponding to the intersection of the two
densities is the threshold for determining amyloid−/+ status.
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Appendix B. Partial volume correction of 18F-AV-1451 PET

The MUSE ROIs used for the geometric matrix transfer step of RBV partial volume correction method
were: background, ventricles and cerebrospinal fluid, basal ganglia, thalamus, brainstem, hippocampus,
amygdala, cerebral white matter, inferior frontal gray matter, lateral frontal gray matter, medial frontal gray600

matter, opercular frontal gray matter, lateral parietal gray matter, medial parietal gray matter, fusiform,
lateral temporal gray matter, supratemporal gray matter, inferior occipital gray matter, lateral occipital gray
matter, medial occipital gray matter, limbic medial temporal gray matter, cingulate gray matter, insula gray
matter, cerebellar white matter, cerebellar gray matter, cerebellar vermis).

Appendix C. Regional analyses of predictors of 18F-AV-1451 SUVR605

To corroborate the observed voxel-wise effects of predictors of 18F-AV-1451 SUVR, we used linear regression
to test the relationship between demographics, amyloid positivity, and regional 18F-AV-1451 SUVR. ROIs
within areas indicated by the voxel-wise analyses were selected to be tested for each predictor in the model. In
agreement with voxel-wise results, amyloid status modulated the association of greater age with 18F-AV-1451
SUVR in the medial occipital gray matter (β = 0.009,SE = 0.003, p = 0.003). A main effect of age in610

amyloid positive individuals was also associated with greater 18F-AV-1451 SUVR in the bilateral putamen
(β = 0.024,SE = 0.008, p = 0.005) and a main effect of age in amyloid negative individuals was associated
with lower 18F-AV-1451 retention in the ventricles and cerebrospinal fluid (β = −0.007,SE = 0.002, p = 0.002).
Amyloid positive individuals also exhibited greater 18F-AV-1451 SUVR in the bilateral inferior temporal
gyrus compared to amyloid negative individuals (β = 0.095,SE = 0.028, p = 0.002). In addition, male sex was615

associated with greater 18F-AV-1451 SUVR in the frontal gray matter (β = 0.102,SE = 0.024, p < 0.001).
Finally, black individuals showed greater 18F-AV-1451 retention in the superior frontal gyrus (β = 0.137,SE =
0.032, p < 0.001) (Table C.1).

Table C.1: Associations between participant demographics, amyloid status, and regional 18F-AV-1451 SUVR. Estimated fixed
effects are reported along with their standard errors in parentheses.

Dependent variable: Regional 18F-AV-1451 SUVR
Medial

occipital GM Putamen
Ventricles
and CSF

Inferior
temporal gyrus

Frontal
gray matter

Superior

frontal gyrus

Intercept 1.139∗∗∗ (0.011) 1.632∗∗∗ (0.027) 0.924∗∗∗ (0.019) 1.243∗∗∗ (0.012) 1.199∗∗∗ (0.011) 1.165∗∗∗ (0.013)
p = 0.000 p = 0.000 p = 0.000 p = 0.000 p = 0.000 p = 0.000

Age at PET scan −0.002 (0.001) 0.010∗∗ (0.003) −0.007∗∗ (0.002) 0.00002 (0.001) −0.001 (0.001) 0.001 (0.002)
p = 0.148 p = 0.004 p = 0.002 p = 0.987 p = 0.530 p = 0.531

Sex
(ref = female)

0.046∗ (0.022) 0.153∗∗ (0.057) −0.015 (0.040) 0.049∗ (0.024) 0.102∗∗∗ (0.024) 0.099∗∗∗ (0.028)
p = 0.046 p = 0.010 p = 0.707 p = 0.050 p = 0.0001 p = 0.001

Race
(ref = non-black)

0.102∗∗∗ (0.026) 0.069 (0.067) 0.056 (0.047) 0.065∗ (0.029) 0.092∗∗ (0.028) 0.137∗∗∗ (0.032)
p = 0.0004 p = 0.306 p = 0.239 p = 0.029 p = 0.003 p = 0.0002

Amyloid group

(ref = amyloid–)
0.040 (0.026) 0.086 (0.066) 0.055 (0.046) 0.095∗∗ (0.028) 0.072∗ (0.028) 0.078∗ (0.032)

p = 0.127 p = 0.197 p = 0.240 p = 0.002 p = 0.012 p = 0.019

Age

× amyloid group
0.009∗∗ (0.003) 0.015 (0.007) −0.002 (0.005) 0.005 (0.003) 0.010∗∗ (0.003) 0.009∗ (0.004)

p = 0.003 p = 0.053 p = 0.708 p = 0.118 p = 0.003 p = 0.014

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Appendix D. Peak tables

For each peak and subpeak, the label with the greatest number of hits within a 9 mm-wide cube range620

search as determined using the Talairach Client is displayed in the tables below. For top hits that were
not assigned a Brodmann area (BA) in the Talairach client output, if there was another hit with the same
anatomical label as the top hit, we report their BA where applicable. All label and BA assignments were
confirmed via visual inspection. (Sub)Peaks are sorted by the laterality (Bilateral, Left hemisphere, or Right
hemisphere) of the cluster they belong to, then the brain region (Frontal, Parietal, Temporal, Occipital,625

Limbic, Midbrain, Pons, Subcortical, Cerebellum, or a combination thereof) the cluster falls into. We omitted
subpeaks with repeated labels within a cluster, and display only the one with the largest T-value. BA =
Brodmann area, L = Left, R = Right.
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Table D.1: Cluster peaks and subpeaks for the age × amyloid status interaction.

Label Volume
(mm3)

MNI (x, y, z) T-value

Bilateral

Cingulate
L Cingulate Gyrus BA 31 (-9, -52, 25) 4.56
R Cingulate Gyrus BA 31

783
(2, -47, 29) 3.83

Left hemisphere

Frontal
Middle Frontal Gyrus BA 10 604 (-34, 50, 8) 4.20
Middle Frontal Gyrus BA 6 (-42, 4, 46) 5.09
Precentral Gyrus BA 6

993
(-40, -1, 32) 4.38

Frontal, Cingulate
Superior Frontal Gyrus BA 9 (-15, 37, 42) 4.29
Anterior Cingulate BA 32

928
(-15, 35, 17) 4.24

Frontal, Parietal
Insula BA 13 (-39, -10, 18) 3.88
Postcentral Gyrus BA 43

1588
(-52, -15, 19) 4.56

Frontal, Temporal
Frontal Sub-Gyral (-47, 10, 11) 4.63
Superior Temporal Gyrus BA 22

845
(-51, 5, -1) 4.78

Occipital
Cuneus BA 18 670 (0, -87, 18) 5.13

640 (-5, -97, 1) 4.89

Right hemisphere

Cingulate
Anterior Cingulate BA 32 409 (7, 43, 6) 5.06

Frontal
Frontal Sub-Gyral (24, 41, -6) 4.87
Inferior Frontal Gyrus BA 47

1320
(34, 32, -9) 5.75

Superior Frontal Gyrus BA 6/8 614 (12, 25, 56) 4.66

Occipital
Cuneus BA 17 (15, -92, 7) 4.58
Middle Occipital Gyrus BA 18

560
(20, -94, 18) 4.00

Parietal
Inferior Parietal Lobule BA 40 (57, -36, 25) 4.41
Postcentral Gyrus BA 2

793
(54, -25, 32) 3.97

Temporal
Middle Temporal Gyrus BA 37 485 (56, -47, -16) 4.58

Temporal, Occipital
Middle Temporal Gyrus BA 39 (44, -72, 14) 4.23
Middle Occipital Gyrus BA 19

1326
(45, -77, -8) 5.21
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Table D.2: Cluster peaks and subpeaks for the main effect of age among amyloid+ individuals.

Label Volume
(mm3)

MNI (x, y, z) T-value

Left hemisphere

Subcortical
Putamen 515 (-20, 8, 3) 4.30

Right hemisphere

Frontal
Inferior Frontal Gyrus BA 47 415 (35, 31, -9) 5.47

Occipital
Middle Occipital Gyrus BA 19 557 (45, -77, -8) 5.75

Subcortical
Putamen 2660 (31, 4, 1) 5.38
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Table D.3: Cluster peaks and subpeaks for the main effect of age among amyloid– individuals.

Label Volume
(mm3)

MNI (x, y, z) T-value

Bilateral

Frontal, Parietal, Temporal, Cingulate, Midbrain, Pons, Subcortical
L Frontal Sub-Gyral (-21, -29, 25) -5.00
L Inferior Frontal Gyrus BA 47 (-30, 21, -15) -4.48
L Medial Frontal Gyrus BA 10 (-2, 62, 18) -5.20
L Medial Frontal Gyrus BA 8 (-2, 30, 46) -4.83
L Medial Frontal Gyrus BA 9 (0, 46, 35) -6.36
L Precentral Gyrus (-51, -11, 26) -4.69
L Precentral Gyrus BA 4 (-57, -13, 38) -3.98
L Precentral Gyrus BA 43 (-57, -9, 8) -4.48
L Precentral Gyrus BA 6 (-41, -15, 34) -4.77
L Subcallosal Gyrus BA 25 (0, 14, -16) -5.17
L Parietal Sub-Gyral (-23, -53, 32) -4.41
L Postcentral Gyrus BA 40 (-58, -19, 15) -4.76
L Superior Temporal Gyrus BA 22 (-52, 5, -2) -5.68
L Temporal Sub-Gyral (-24, -56, 14) -5.90
L Anterior Cingulate BA 24 (0, 33, 12) -5.06
L Cingulate Gyrus BA 23 (0, -26, 26) -4.13
L Cingulate Gyrus BA 32 (-14, 15, 27) -5.44
L Posterior Cingulate BA 30 (-14, -56, 4) -4.28
R Anterior Cingulate BA 24 (7, 38, 0) -4.35
R Cingulate Gyrus BA 32 (2, 20, 31) -4.47
L Midbrain (-15, -28, -8) -4.78
R Midbrain (15, -26, -13) -4.50
R Pons (8, -23, -33) -5.21
L Corpus Callosum (-11, 29, 3) -5.69
L Extra-Nuclear (0, 0, -10) -4.95
L Insula BA 13 (-42, -8, 11) -5.48
L Lateral Ventricle (-6, 2, 18) -4.45
R Corpus Callosum (1, 21, 16) -5.10
R Extra-Nuclear (9, 1, 4) -3.95
R Thalamus Medial Dorsal Nucleus (3, -18, 9) -4.24
L Third Ventricle

63393

(-1, -14, -2) -5.13

Occipital, Cingulate
L Cuneus BA 18 (-4, -98, 10) -5.09
L Cuneus BA 19 (-14, -96, 22) -5.72
L Middle Occipital Gyrus BA 18 (-31, -95, 7) -4.54
L Middle Occipital Gyrus BA 19 (-41, -88, 2) -4.01
L Precuneus BA 31 (-5, -68, 30) -4.21
R Cuneus BA 17 (15, -92, 7) -5.06
R Cuneus BA 18 (4, -92, 18) -4.98
R Cuneus BA 19 (14, -89, 37) -4.46
R Cuneus BA 7 (16, -78, 30) -5.06
R Middle Occipital Gyrus BA 18 (18, -96, 18) -6.37
L Posterior Cingulate BA 23 (-1, -61, 11) -4.54
R Posterior Cingulate BA 31 (12, -60, 18) -5.94
L Inter-Hemispheric Fissure

19742

(-4, -63, -3) -4.18

Left hemisphere
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Cerebellum
Uvula 775 (0, -68, -37) -5.45

Cingulate
Cingulate Gyrus BA 24 425 (-2, 4, 45) -3.96

Frontal
Frontal Sub-Gyral (-28, 51, -2) -4.37
Middle Frontal Gyrus BA 10 (-31, 61, 11) -4.16
Middle Frontal Gyrus BA 11 (-33, 42, -9) -3.73
Superior Frontal Gyrus BA 10

1476

(-20, 57, 6) -3.81

Parietal
Inferior Parietal Lobule BA 40 806 (-57, -35, 23) -4.46

Right hemisphere

Frontal
Frontal Sub-Gyral (24, 40, -6) -5.03
Frontal Sub-Gyral Corpus Callosum

1735
(22, 37, 10) -3.94

Frontal Sub-Gyral 458 (47, -2, 21) -4.17
Inferior Frontal Gyrus BA 44 402 (59, 17, 19) -4.09

Frontal, Parietal
Precentral Gyrus BA 4 (39, -19, 53) -5.33
Postcentral Gyrus BA 2

1696
(46, -31, 54) -3.98

Frontal, Parietal, Temporal, Subcortical
Frontal Sub-Gyral (23, -38, 31) -4.16
Parietal Sub-Gyral (28, -49, 26) -4.43
Parahippocampal Gyrus BA 30 (22, -45, -1) -3.78
Extra-Nuclear

2728

(25, -46, 14) -4.72

Parietal, Temporal, Subcortical, Frontal-Temporal Space
Postcentral Gyrus BA 43 (64, -11, 12) -4.79
Superior Temporal Gyrus BA 42 (65, -31, 18) -4.77
Temporal Sub-Gyral BA 41 (36, -36, 10) -3.89
Frontal-Temporal Space

8051

(46, 1, -5) -5.71

Subcortical
Corpus Callosum 768 (6, -43, 10) -4.76
Extra-Nuclear 691 (21, -14, 11) -5.04

Temporal
Superior Temporal Gyrus BA 22 543 (69, -36, 6) -4.58

Temporal, Occipital
Middle Temporal Gyrus BA 39 (56, -65, 14) -4.40
Middle Occipital Gyrus BA 19

752
(50, -81, 4) -4.08
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Table D.4: Cluster peaks and subpeaks for the main effect of amyloid status. Positive T-values indicate that 18F-AV-1451 SUVR
is greater among amyloid+ compared to amyloid– individuals.

Label Volume
(mm3)

MNI (x, y, z) T-value

Left hemisphere

Occipital
Cuneus BA 19 (-15, -97, 21) 4.02
Middle Occipital Gyrus BA 18 (-28, -96, -5) 4.42
Middle Occipital Gyrus BA 19 (-32, -93, 11) 5.02
Superior Occipital Gyrus BA 19

2486

(-36, -85, 28) 4.15

Temporal
Middle Temporal Gyrus BA 21 579 (-63, -53, 5) 6.18

Right hemisphere

Frontal
Middle Frontal Gyrus BA 6 786 (32, 3, 52) 5.00

Occipital
Cuneus BA 19 (13, -91, 31) 3.84
Middle Occipital Gyrus BA 18

767
(19, -95, 17) 4.93

Temporal
Fusiform Gyrus 881 (39, -51, -13) 5.14
Middle Temporal Gyrus BA 37 471 (56, -60, 1) 5.60
Superior Temporal Gyrus BA 38 491 (51, 13, -30) 4.76

Temporal, Occipital
Middle Temporal Gyrus BA 19 (52, -76, 11) 4.45
Middle Occipital Gyrus BA 19

1434
(44, -77, -8) 4.40
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Table D.5: Cluster peaks and subpeaks for the main effect of sex. Positive T-values indicate that 18F-AV-1451 SUVR is greater
among men compared to women.

Label Volume
(mm3)

MNI (x, y, z) T-value

Bilateral

Frontal, Cingulate, Subcortical
L Medial Frontal Gyrus BA 11 (-4, 57, -11) 4.18
R Frontal Sub-Gyral (31, 22, 16) 4.26
R Inferior Frontal Gyrus BA 11 (19, 30, -16) 6.07
R Inferior Frontal Gyrus BA 46 (48, 30, 8) 5.61
R Inferior Frontal Gyrus BA 47 (30, 32, -10) 5.44
R Insula BA 13 (42, 11, -4) 6.04
R Medial Frontal Gyrus BA 10 (10, 53, -6) 4.79
R Medial Frontal Gyrus BA 9 (10, 42, 31) 3.89
R Middle Frontal Gyrus BA 10 (38, 48, 4) 4.57
R Middle Frontal Gyrus BA 11 (33, 51, -10) 4.40
R Rectal Gyrus BA 11 (7, 48, -22) 6.04
R Superior Frontal Gyrus BA 10 (24, 51, -2) 5.67
L Rectal Gyrus BA 11 (-6, 52, -22) 4.87
L Anterior Cingulate BA 32 (0, 47, -1) 3.84
R Anterior Cingulate BA 32

30918

(13, 42, 4) 6.15

Frontal, Parietal, Cingulate
L Frontal Sub-Gyral BA 6 (-17, -9, 57) 4.39
L Medial Frontal Gyrus BA 6 (-4, 1, 63) 5.23
L Paracentral Lobule BA 5 (-10, -36, 59) 4.63
L Precentral Gyrus BA 4 (-21, -28, 73) 4.71
L Precentral Gyrus BA 6 (-28, -14, 56) 4.64
R Frontal Sub-Gyral (20, 3, 50) 5.05
R Frontal Sub-Gyral BA 6 (20, -8, 55) 4.68
R Medial Frontal Gyrus BA 6 (5, -17, 60) 4.22
R Middle Frontal Gyrus BA 6 (34, -8, 63) 4.25
R Paracentral Lobule BA 6 (4, -32, 67) 4.80
R Precentral Gyrus BA 4 (28, -29, 64) 5.51
R Precentral Gyrus BA 6 (23, -20, 71) 5.27
R Superior Frontal Gyrus BA 6 (17, 5, 64) 5.00
R Superior Frontal Gyrus BA 8 (18, 17, 52) 5.20
L Superior Frontal Gyrus BA 6 (-22, 7, 46) 5.20
L Superior Frontal Gyrus BA 8 (-27, 14, 56) 5.44
L Parietal Sub-Gyral BA 40 (-25, -42, 60) 4.24
L Postcentral Gyrus BA 3 (-17, -43, 72) 5.04
L Cingulate Gyrus BA 24

41944

(-9, -10, 34) 4.75

Left hemisphere

Frontal
Frontal Sub-Gyral (-31, 45, 1) 5.55
Frontal Sub-Gyral Corpus Callosum (-16, 38, 0) 4.78
Inferior Frontal Gyrus BA 47 (-28, 29, -9) 6.44
Medial Frontal Gyrus BA 10 (-11, 56, 7) 4.58
Middle Frontal Gyrus (-44, 41, 0) 4.35
Middle Frontal Gyrus BA 10

11730

(-30, 54, -9) 4.42
Inferior Frontal Gyrus BA 45 1768 (-46, 22, 9) 5.29
Medial Frontal Gyrus BA 8 (-6, 34, 40) 4.83
Medial Frontal Gyrus BA 9 (-4, 45, 29) 4.13
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Superior Frontal Gyrus BA 9

1935

(-15, 47, 24) 5.37
Precental Gyrus BA 4 (-50, -10, 21) 3.95
Precentral Gyrus BA 4

2846
(-47, 2, 16) 4.69

Frontal, Parietal
Frontal Sub-Gyral (-39, -22, 22) 4.31
Inferior Parietal Lobule BA 40

2423
(-45, -31, 31) 5.12

Midbrain, Subcortical
Midbrain (-12, -22, -6) 4.39
Corpus Callosum (-8, -32, 1) 4.93
Extra-Nuclear (-34, -6, -4) 4.78
Lateral Globus Pallidus (-11, 8, -3) 4.27
Thalamus Medial Dorsal Nucleus (-11, -20, 8) 5.51
Thalamus Ventral Lateral Nucleus

9431

(-9, -8, 7) 7.38

Occipital
Cuneus BA 18 421 (-10, -70, 15) 4.51

Parietal, Cingulate
Parietal Sub-Gyral (-27, -54, 30) 5.51
Precuneus BA 7 (-10, -63, 36) 4.84
Cingulate Gyrus BA 31 (-20, -70, 18) 3.97

6539

(-14, -51, 25) 4.09

Temporal
Middle Temporal Gyrus BA 22 (-54, -41, -1) 6.29
Superior Temporal Gyrus BA 22 (-56, -54, 20) 4.69
Superior Temporal Gyrus BA 39

2869

(-51, -51, 9) 3.90
Superior Temporal Gyrus BA 22 1349 (-53, -20, -3) 4.92

Right hemisphere

Frontal
Frontal Sub-Gyral 713 (35, 13, 26) 5.46
Superior Frontal Gyrus BA 8 474 (17, 34, 38) 4.25

Frontal, Temporal
Precentral Gyrus BA 4 (59, -5, 19) 4.22
Precentral Gyrus BA 44 (51, 1, 4) 5.57
Precentral Gyrus BA 6 (49, -1, 27) 3.99
Fusiform Gyrus BA 20 (58, -12, -32) 5.60
Middle Temporal Gyrus BA 21 (56, -13, -20) 5.43
Superior Temporal Gyrus BA 22

6857

(59, -9, -6) 4.76

Midbrain, Subcortical
Midbrain (16, -9, -9) 4.53
Thalamus Pulvinar (19, -21, 7) 6.48
Thalamus Ventral Anterior Nucleus

6096

(10, -5, 5) 5.73

Parietal, Cingulate
Precuneus BA 7 (14, -55, 56) 4.80
Superior Parietal Lobule BA 7 (19, -50, 68) 3.81
Cingulate Gyrus BA 31 (10, -46, 35) 4.06
Posterior Cingulate BA 23

2194

(3, -52, 20) 4.57

Parietal, Temporal
Inferior Parietal Lobule (43, -45, 22) 4.60
Supramarginal Gyrus BA 40

1596
(53, -52, 23) 4.99

Parietal, Temporal, Occipital, Subcortical
Angular Gyrus BA 39 (44, -66, 30) 5.08
Parietal Sub-Gyral (27, -51, 40) 4.37
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Precuneus BA 31 (17, -63, 32) 3.74
Superior Parietal Lobule BA 7 (30, -59, 58) 4.78
Supramarginal Gyrus BA 40 (38, -53, 33) 4.49
Superior Temporal Gyrus BA 22 (41, -57, 18) 3.86
Temporal Sub-Gyral (26, -61, 15) 5.02
Superior Occipital Gyrus BA 19 (13, -76, 31) 4.48
Corpus Callosum

7117

(18, -52, 21) 4.43

Temporal
Middle Temporal Gyrus BA 20 (58, -35, -21) 5.26
Middle Temporal Gyrus BA 21

1311
(62, -32, -9) 4.88

Superior Temporal Gyrus BA 42 1500 (61, -33, 15) 5.17
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Table D.6: Cluster peaks and subpeaks for the main effect of race. Positive T-values indicate that 18F-AV-1451 SUVR is greater
among black compared to non-black individuals.

Label Volume
(mm3)

MNI (x, y, z) T-value

Bilateral

Frontal
R Middle Frontal Gyrus BA 6 (33, 2, 58) 5.77
R Superior Frontal Gyrus BA 6 (8, 22, 61) 5.31
R Superior Frontal Gyrus BA 8 (20, 19, 50) 4.90
L Superior Frontal Gyrus BA 8 (-10, 37, 54) 4.66
L Superior Frontal Gyrus BA 9

13235

(-12, 60, 33) 3.74

Left hemisphere

Cerebellum
Anterior Lobe 826 (-17, -42, -37) 4.23

420 (-27, -47, -39) 4.77

Frontal
Middle Frontal Gyrus BA 46 (-41, 28, 22) 4.29
Middle Frontal Gyrus BA 9

1371
(-41, 35, 32) 4.94

Middle Frontal Gyrus BA 6 959 (-34, 9, 62) 4.88

Occipital
Cuneus BA 17 (-19, -73, 22) 5.14
Cuneus BA 18

1358
(-3, -74, 14) 3.78
(-8, -74, 2) 4.13

Lingual Gyrus BA 18
755

(-17, -74, -9) 4.76
Middle Occipital Gyrus BA 18 (-32, -86, -1) 4.38
Superior Occipital Gyrus BA 19

1855
(-31, -84, 26) 4.54

Parietal
Precuneus BA 7 2368 (-5, -77, 42) 5.09

Subcortical
Thalamus Medial Dorsal Nucleus (-11, -21, 10) 4.19
Thalamus Pulvinar

862
(-23, -30, 6) 3.99

Right hemisphere

Frontal
Precentral Gyrus BA 6 1236 (27, -20, 71) 4.95

Occipital
Cuneus BA 17 (16, -89, 2) 4.66
Lingual Gyrus BA 17 (8, -91, -10) 4.92
Lingual Gyrus BA 18 (9, -79, -2) 3.93
Lingual Gyrus BA 19

2669

(18, -67, -4) 5.11
Middle Occipital Gyrus BA 19 506 (28, -86, 12) 4.04

Temporal
Inferior Temporal Gyrus BA 20 (60, -17, -30) 4.36
Middle Temporal Gyrus BA 21

890
(59, -13, -15) 5.49

Middle Temporal Gyrus BA 20 514 (61, -39, -15) 4.94
Parahippocampal Gyrus BA 27 531 (22, -30, -10) 4.70

Temporal, Midbrain
Parahippocampal Gyrus BA 28 (23, -20, -14) 3.73
Midbrain

415
(9, -7, -9) 4.28
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Appendix E. Entorhinal volume and mean 18F-AV-1451 SUVR in Braak III/IV

Table E.1: Linear mixed effects models of the relationship between mean 18F-AV-1451 SUVR in Braak III/IV regions and
intracranial volume adjusted entorhinal cortex volume. Estimated fixed effects are reported along with their standard errors in
parentheses.

Dependent variable: Regional volume (cm3)
Entorhinal volume

Intercept −0.310∗∗∗ (0.064)
p = 0.000003

Age at PET scan −0.033∗∗∗ (0.007)
p = 0.00004

Sex
(ref = female)

0.467∗∗ (0.142)
p = 0.002

Amyloid group
(ref = amyloid–)

0.287 (0.161)
p = 0.083

Braak III/IV SUVR −1.634∗ (0.804)
p = 0.049

Time from PET −0.056∗∗∗ (0.007)
p = 0.000

Amyloid group
× time

0.002 (0.018)
p = 0.900

Braak III/IV SUVR
× time

−0.034 (0.085)
p = 0.687

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Appendix F. Cognition and tau accumulation630

Table F.1: Linear mixed effects models of the relationship between mean 18F-AV-1451 SUVR in Braak III/IV regions and
attention. Estimated fixed effects are reported along with their standard errors in parentheses.

Dependent variable:
Attention (z-score)

Intercept 0.114 (0.093)
p = 0.219

Age at PET scan −0.026∗ (0.010)
p = 0.014

Sex
(ref = female)

0.017 (0.195)
p = 0.932

Education (years) 0.019 (0.043)
p = 0.653

Amyloid group
(ref = amyloid–)

0.255 (0.247)
p = 0.307

Braak III/IV SUVR −2.463∗ (1.121)
p = 0.033

Time from PET −0.020∗∗∗ (0.006)
p = 0.0005

Amyloid group
× time

−0.022 (0.017)
p = 0.206

Braak III/IV SUVR
× time

0.045 (0.062)
p = 0.475

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table F.2: Linear mixed effects models of the relationship between mean 18F-AV-1451 SUVR in Braak V/VI regions and attention.
Estimated fixed effects are reported along with their standard errors in parentheses.

Dependent variable:
Attention (z-score)

Intercept 0.123 (0.092)
p = 0.184

Age at PET scan −0.026∗ (0.010)
p = 0.016

Sex
(ref = female)

0.051 (0.213)
p = 0.811

Education (years) −0.019 (0.047)
p = 0.692

Amyloid group
(ref = amyloid–)

0.247 (0.238)
p = 0.305

Braak V/VI SUVR −2.033∗ (0.885)
p = 0.027

Time from PET −0.016∗∗ (0.006)
p = 0.004

Amyloid group
× time

0.001 (0.017)
p = 0.945

Braak V/VI SUVR
× time

−0.063 (0.040)
p = 0.118

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table F.3: Linear mixed effects models of the relationship between entorhinal 18F-AV-1451 SUVR and California Verbal Learning
Test (CVLT) z-scores. Estimated fixed effects are reported along with their standard errors in parentheses.

Dependent variable: CVLT (z-score)
Immediate recall Long-delay free recall

Intercept 0.105 (0.122) 0.146 (0.132)
p = 0.391 p = 0.269

Age at PET scan −0.032∗ (0.012) −0.027∗ (0.013)
p = 0.011 p = 0.042

Sex
(ref = female)

−0.101 (0.214) −0.037 (0.230)
p = 0.641 p = 0.875

Education (years) −0.089 (0.051) −0.047 (0.054)
p = 0.084 p = 0.397

Amyloid group
(ref = amyloid–)

0.127 (0.302) 0.122 (0.326)
p = 0.677 p = 0.711

Entorhinal SUVR −0.645 (0.924) −0.893 (0.996)
p = 0.489 p = 0.375

Time from PET −0.024∗∗∗ (0.006) −0.022∗∗∗ (0.006)
p = 0.0001 p = 0.0005

Amyloid group
× time

0.011 (0.015) 0.001 (0.015)
p = 0.480 p = 0.965

Entorhinal SUVR
× time

−0.078 (0.041) −0.095∗ (0.042)
p = 0.060 p = 0.024

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table F.4: Linear mixed effects models of the relationship between mean 18F-AV-1451 SUVR in Braak III/IV regions and
California Verbal Learning Test (CVLT) z-scores. Estimated fixed effects are reported along with their standard errors in
parentheses.

Dependent variable: CVLT (z-score)
Immediate recall Long-delay free recall

Intercept 0.102 (0.123) 0.143 (0.132)
p = 0.407 p = 0.281

Age at PET scan −0.032∗ (0.012) −0.027∗ (0.013)
p = 0.011 p = 0.045

Sex
(ref = female)

−0.102 (0.228) −0.074 (0.245)
p = 0.658 p = 0.763

Education (years) −0.085 (0.050) −0.045 (0.054)
p = 0.099 p = 0.413

Amyloid group
(ref = amyloid–)

0.215 (0.324) 0.241 (0.349)
p = 0.511 p = 0.494

Braak III/IV SUVR −1.179 (1.466) −1.566 (1.581)
p = 0.426 p = 0.328

Time from PET −0.025∗∗∗ (0.006) −0.023∗∗∗ (0.006)
p = 0.0002 p = 0.0004

Amyloid group
× time

0.018 (0.018) 0.015 (0.018)
p = 0.319 p = 0.390

Braak III/IV SUVR
× time

−0.091 (0.074) −0.163∗ (0.073)
p = 0.220 p = 0.026

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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