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Abstract

This study longitudinally examined participants in the Alzheimer’s Disease Neuroimaging
Initiative (ADNI) who underwent a conversion in amyloid-beta (Ap) status in comparison to a
group of ADNI participants who did not show a change in amyloid status over the same follow-
up period. Participants included 136 non-demented ADNI participants with 2 florbetapir positron
emission tomography (PET) scans. Of these participants, 68 showed amyloid conversion as
measured on florbetapir PET, and the other 68 did not. Amyloid converters and non-converters
were chosen to have representative demographic data (age, education, sex, diagnostic status, and
race). The amyloid converter group showed increased prevalence of APOE €4 (p < 0.001),
greater annualized percent volume loss in selected magnetic resonance imaging (MRI) regions (p
< 0.05), lower cerebrospinal fluid (CSF) ABi-42 (p < 0.001), and greater amyloid retention (as
measured by standard uptake value ratios) on florbetapir PET scans (p < 0.001) in comparison to
the non-converter group. These results provide compelling evidence that important
neuropathological changes are occurring alongside amyloid conversion.

Keywords: Alzheimer’s disease; amyloid; cognition; dementia; magnetic resonance imaging;
positron emission tomography

Abbreviations: A- = amyloid negative; A+ = amyloid positive; Ap = amyloid-beta; AB;.4 =
amyloid-beta 1-42 peptide; AD = Alzheimer’s disease; ADNI = Alzheimer’s Disease
Neuroimaging Initiative; ANOVA = analysis of variance; ANCOVA = analysis of covariance;
APOE = apolipoprotein E; APP = amyloid precursor protein; AT(N) = amyloid, tau,
neurodegeneration; CI = confidence interval; CN = cognitively normal; CSF = cerebrospinal
fluid; DICOM = digital imaging and communications in medicine; eTIV = estimated total
intracranial volume; MCI = mild cognitive impairment; MRI = magnetic resonance imaging;
(N)- = neurodegeneration negative; (N)+ = neurodegeneration positive; PET = positron emission
tomography; p-tau = tau phosphorylated at threonine 181; ROI = region of interest; SUVR =
standard uptake value ratio; T- = tau negative, T+ = tau positive; t-tau = total tau

Funding: This work was supported in part by NIH/NIA P30-AG072978.

Disclosure Statement: None of the authors part of this work have any conflicts of interests.
Introduction

Cleavage of the amyloid precursor protein, an essential element of the cell membrane, results in

amyloid-beta (AB) peptides leaving the cell membrane. Some peptides are cleared by the

cerebrospinal fluid (CSF), and others by the vascular system (Brothers et al., 2018). Other



peptides are more difficult to clear and have the capacity to change shape and interact with
similar molecules prior to self-aggregating into long fibrils that form -sheets (Brothers et al.,
2018; Chen & Mabley, 2019; Hensley et al., 1994). The progression of insoluble fibrillar Ap
plaque deposition in the brain has been linked to aging and increasing severity of Alzheimer’s
disease (AD) (Braak & Braak, 1991). Thus, detection of amyloid in aging adults has become a
paramount focus of AD research and amyloid is the target of many drug therapeutics (Brothers et
al., 2018).

Soluble and insoluble AP burden can be measured in vivo in CSF. Insoluble Af can also
be measured using radioactive ligands, such as the [*®F]-labeled florbetapir ligand, with positron
emission tomography (PET) (Landau et al., 2013; Mattsson et al., 2015). Using established
florbetapir PET standardized uptake values (SUVR) thresholds, the presence of Ap can be
categorized as amyloid negative (A-) or amyloid positive (A+) (Jack et al., 2018).

Studies have begun investigating how AD biomarkers and cognition are modified in
people with changing AP burden (Dubois et al., 2018; Harrison et al. 2021; Landau et al., 2018;
Sperling et al., 2020; van der Kall et al., 2021). In the present study, we sought to longitudinally
examine participants in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) who
underwent a conversion in amyloid status from negative (A-) to positive (A+) in comparison to a
group of participants who remained A- over the same follow-up period. Conversion from A- to
A+ was based upon established florbetapir PET SUVR thresholds (Jagust et al., 2015; Landau et
al., 2013;). Our hypothesis was that the amyloid converter group would show an increased
frequency of apolipoprotein E (APOE) &4 alleles, greater annualized percent volume loss in
selected magnetic resonance imaging (MRI) regions, and lower CSF concentration of the

amyloid beta 1-42 peptide (Api-42), in comparison to the non-converter group. Based on previous



studies in the literature, we did not expect to see differences in CSF measures of p-tau or
cognitive performance (Gordon et al., 2018; Harrison et al., 2021; Ossenkoppele et al., 2019).
2. Material and Methods
2.1 Study Design and Participants
Data used in the preparation of this article were obtained from the ADNI database
(adni.loni.usc.edu). The ADNI was launched in 2003 as a public-private partnership, led by
Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test
whether serial MRI, PET, other biological markers, and clinical/neuropsychological assessment
can be combined to measure the progression of mild cognitive impairment (MCI) and early AD.

This study utilized data from 136 ADNI participants. Selection criteria was at least two
florbetapir amyloid PET scans. All florbetapir PET data used in this study were downloaded in
July 2021. All 136 participants were A- at the first scan and 68 participants were classified as
amyloid converters because they later became A+. Amyloid positivity on florbetapir PET was
defined as retention above the established SUVR threshold of 1.11 (Landau et al., 2013; see
Jagust et al., 2015 for additional details on ADNI PET protocols). The global SUVR used for this
study was calculated by combining binding measures from the frontal, angular/posterior
cingulate, lateral parietal, and temporal cortices then dividing them by the mean uptake value of
the cerebellum. To identify participants who fit conversion criterion, we collected SUVR data
from the first PET visit global SUVR became > 1.11 and the PET visit prior. The average time
between PET visits in amyloid converters was 26.65 months.

Using this same florbetapir SUVR threshold, we identified 68 ADNI participants who
were non-converters. Non-converting participants were selected from the ADNI dataset based

upon 2 criteria: (1) that they maintained A- on all existing ADNI PET scans (through time of



data collection) and (2) that they had representative (comparable) demographic data of the 68
amyloid converters. For instance, if we identified PET data from a male participant with MCI
and 18 years of education who converted from A- to A+ at age 70, we looked for PET data from
a 70-year-old male participant with MCI and 18 years of education who remained A- on existing
ADNI PET scans. PET data for non-converters were downloaded from two visits which best
corresponded to the timeframe and ages of the amyloid converter group. The average time
between visits in non-converters was 30.88 months.

In addition to having at least two florbetapir PET scans, all participants had to be
diagnosed by the ADNI Clinical Core as cognitively normal (CN) or MCI (Petersen et al., 1999;
Petersen et al., 2014). Other variables of interest downloaded from the ADNI repository included
demographics (age, years of education, sex, race), medical history such as cardiovascular health
and smoking status, and APOE e4. Available T1 MRI, CSF, and cognitive data were also
downloaded from the time of both PET visits. Figure 1 outlines the data collection process.
Written informed consent or assent was obtained from all participants, and study procedures
were approved by the institutional review board at each of the ADNI participating sites.

2.2 Imaging Assessments

The neuroimaging methods and parameters utilized by ADNI for T1 scans have been described
previously (Jack et al., 2008). Visual inspection for artifact and unexpected neuropathology by
the ADNI MRI Core was completed at the time of image upload to the ADNI.

Two T1 scans from 129 participants were downloaded in their native DICOM format. T1
scans from seven participants were not used because the timing of scans did not correspond to
the time of amyloid conversion and/or the time of the PET, CSF, or cognitive data used in this

study. The first T1 scan for amyloid converters was selected to be from the ADNI visit (or within



six months after) the participant became A+. The second T1 scan for amyloid converters was
chosen to come from a visit prior to conversion that best coincided with PET, CSF, and cognitive
data. T1 scans from non-converters were selected to be from the same visits that PET data were
collected. After downloading and throughout image processing, images were visually inspected
for artifacts that could have impaired image processing.

All 258 T1 MRI scans were processed on a Mac Pro 2013 running OS version 10.14.5
using Freesurfer version 7.2 (Desikan et al., 2006; Iglesias et al., 2015). Scans were processed
cross-sectionally followed by the longitudinal stream to extract reliable volume and thickness
estimates in FreeSurfer (Reuter et al., 2012). An unbiased within-subject template space and
image was created using robust, inverse consistent registration (Reuter et al., 2010; Reuter &
Fischl, 2011). Several processing steps, such as skull stripping, Talairach transforms, atlas
registration, spherical surface maps and parcellations were then initialized with common
information from the within-subject template. This processing stream significantly increases
reliability and statistical power (Reuter et al., 2012).

Volumes of regions of interest (ROI) from the Desikan-Killiany atlas were extracted and
estimated total intracranial volume (eT1V) was generated by Freesurfer version 7.2 (Desikan et
al., 2006; Iglesias et al., 2015). Nineteen cortical parcellations were selected as ROI based upon
previous florbetapir PET studies providing evidence that amyloid accumulation frequently
occurs in these regions in early phases of AD (Guo et al., 2017; Palmquist et al., 2017;
Villemange et al., 2017). These cortical ROI included the following regions: banks of superior
temporal sulcus, caudal anterior division of cingulate cortex, inferior parietal cortex, inferior
temporal gyrus, isthmus division of cingulate cortex, lateral occipital cortex, lateral division of

orbitofrontal cortex, medial division of the orbitofrontal cortex, middle temporal gyrus,



paracentral lobule, pars orbitalis, pars opercularis, pars triangularis, posterior division of
cingulate cortex, precuneus, rostral anterior cingulate, superior parietal cortex, superior temporal
gyrus, and frontal pole. Additionally, seven subcortical ROI, including the thalamus,
hippocampus, caudate, putamen, pallidum, accumbens, and amygdala, were examined. Total
volume (right and left hemispheres added together) was calculated for both cortical and
subcortical ROI. For each ROI, rate of volume change was annualized then converted to percent
change for analyses.

2.3 CSF Sampling and Analysis

One hundred and twenty-six participants had CSF measures generated by the ADNI Biomarker
Core. CSF data was used if acquired within ~24 months of the PET data of interest (n = 100; 36
amyloid converters and 64 non-converters). Standard practice of the ADNI Biomarker Core is to
measure concentrations of AP1.42, total tau (t-tau), and tau phosphorylated at threonine 181 (p-
tau) in collected CSF samples. Samples were obtained at the various ADNI sites via lumbar
puncture as described in ADNI procedures and previous studies (Shaw et al., 2009).

2.4 AT(N) Classification

Ninety-four participants (31 amyloid converters and 63 non-converters) had the necessary data
available to create full amyloid, tau, neurodegeneration [AT(N)] biomarker profiles (Jack et al.,
2018). Criteria for A+ on florbetapir PET is described previously (see Section 2.1). Threshold
values for tau and neurodegeneration were chosen based upon data presented in other studies that
have assessed the AT(N) framework. Tau positivity (T+) was defined as CSF p-tau > 22 pg/mL
(Guo et al., 2020). Neurodegeneration positivity (N+) was defined as total hippocampal volume
(as measured on structural MRI) being less than 1.5 standard deviations below that of the

sample’s mean total hippocampal volume (Ingala et al., 2021).



2.5 Cogpnitive Evaluation
All participants in the study completed cognitive evaluations in English at the ADNI sites.
Details pertaining to ADNI cognitive testing have been described previously (Aisen et al., 2010;
Aisen et al., 2015). Cognitive data downloaded from the ADNI included performance on Logical
Memory Delayed Recall (modified from the Wechsler D. Wechsler Memory Scale-Revised, San
Antonio, Texas: Psychological Corporation; 1987), the Rey Auditory Verbal Learning Test
(RAVLT; immediate recall), the Clock Drawing Test (both Drawing Administration and
Copying Administration), and Part B of the Trailmaking Test. These five measures were chosen
because none were used previously by the ADNI Clinical Core in determining clinical syndrome
groups and they represent a multitude of cognitive domains (e.g. memory, executive function,
and visuospatial functioning).

Data from amyloid converters were collected from the visit prior to and at the time of
PET conversion. Data from non-converters were matched to that of the amyloid converter group
so that comparisons were based on a similar length follow-up period. Cognitive scores were
standardized using z-scores and the rate of decline was annualized between timepoint 1 and 2.
Rates of annualized change were calculated so that negative numbers denoted worsening, 0
indicated no change, and positive numbers indicated improvement.
2.6 Statistical Analysis
All analyses were performed in JMP Pro V15.2 on a MacBook Pro 2015 running OS version
10.15.7. One-way analyses of variance (ANOVASs) were used to assess differences in age and
years of education between amyloid converters and non-converters. Age was that recorded at the
time of the second MRI (closest to time of conversion). For the seven participants who did not

have usable MRI data, age at time of PET conversion and/or cognitive testing was used. Chi-



square testing was used to assess differences between groups in categorical variables such as sex,
diagnostic status (CN/MCI), race, history of cardiovascular health, smoking status, and APOE
e4. Statistical significance was set at p < 0.05 without correction.

One-way ANOVA models were used to assess the effect of group on SUVR from the two
florbetapir PET scans, annualized percent change in total volume of cortical and subcortical MRI
ROI, CSF measures, and rate of annualized change on the five cognitive measures. The effect of
group on annualized change in PET SUVR as well as the effect of group on MRI and cognitive
data from both timepoints 1 and 2 was also assessed. For measures showing significant
differences, 95% confidence intervals (ClI) for the mean of the outcome measure are reported.
Prior to creating models, linear regressions were conducted to determine whether covariates (e.g.
age, sex, years of education, and diagnostic status) influenced these measures. For MRI data,
linear regressions were used to assess the influence of eTIV. Multiple comparisons were
corrected for by use of the Benjamini-Hochberg method (Benjamini & Hochberg, 1995). As a
sensitivity analysis, all analyses were performed separately in participants classified as CN (n =
83) or MCI (n = 53) by the ADNI Clinical Core.

3. Results

3.1 Demographics and APOE ¢4

One-way ANOVAs showed no significant differences in age nor years of education between
groups (amyloid converter vs. non-converter). Chi-square testing showed no differences between
groups in sex, diagnostic status, race, or history of cardiovascular health/smoking. Chi-square
testing revealed a significant difference between groups in proportion of APOE &4 carriers (p <

0.001) and in frequency of €4 alleles (p < 0.001). The amyloid converter group had more carriers



and greater frequency of €4 alleles than the non-converter group. Demographic and APOE &4
data are reported in Table 1.

3.2 SUVR Uptake on Florbetapir PET Scans

Linear regressions showed that sex, but not age, years of education or diagnosis, had a significant
effect on PET SUVR and was used as a covariate in subsequent models. Analysis of covariance
(ANCOVA) models assessing the main effect of group (amyloid converter vs. non-converter)
with sex as a covariate showed a significant effect of group on the SUVR for both florbetapir
PET scans. On the first florbetapir PET scan when both groups were A-, the ANCOVA showed a
significant effect of group (F(2,133) = 58.60, p < 0.001; 95% CI: 1.04 — 1.05) (Table 1). On the
second scan when the amyloid converter group had become A+, the ANCOVA also showed a
significant effect of group (F(2,133) = 307.60, p < 0.001; 95% CI: 1.08 — 1.09) (Table 1). Figure
2 shows longitudinal change in SUVR between timepoints. The effect of sex was significant on
both scans (p < 0.021). The ANCOVA assessing the main effect of group with sex as a covariate
on annualized change in SUVR on florbetapir scans also showed a significant effect of group
(F(2, 133) = 75.39, p < 0.001; 95% CI: 0.016 — 0.022), but the effect of sex was not significant (p
=0.13). Two-way ANCOVAs exploring the interaction of sex with age and sex with diagnostic
status were not significant.

3.3 Volumetric Analyses

Linear regressions showed covariates including age, sex, years of education, diagnosis, and eTIV
had no effect on annualized percent volume change. One-way ANOVAs showed a significant
effect of group (amyloid converter vs non-converter) on annualized percent change in total
volume of 8 of the 19 cortical ROI assessed. These regions included: frontal pole (F(1,127) =

7.65, p = 0.007; 95% CI: 1.06 — 5.06), caudal anterior cingulate (F(1,127) = 7.54, p = 0.007;
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95% CI: 0.56 — 2.44), lateral occipital cortex (F(1,127) = 6.19, p = 0.014; 95% CI: 0.61 — 3.02),
medial orbitofrontal gyrus (F(1,127) =5.21, p = 0.024; 95% CI: 0.44 — 3.00), pars orbitalis
(F(1,127) = 4.88, p = 0.029; 95% CI: 0.53 — 3.57), superior temporal gyrus (F(1,127) =4.85,p =
0.029; 95% CI: 0.51 — 2.25), posterior cingulate cortex (F(1,127) = 4.76, p = 0.031; 95% CI:
0.33 — 2.51), and the middle temporal gyrus (F(1,127) = 4.65, p = 0.033; 95% CI: 0.56 — 2.39).
These ROI are illustrated on the pial surface of the right hemisphere in Figure 3. One-way
ANOVAs showed a significant effect of group on annualized percent change in total volume of
three of the seven subcortical ROI. These regions included: pallidum (F(1,127) =5.73, p =
0.018; 95% CI: 0.97 — 6.61), amygdala (F(1,127) = 5.12, p = 0.025; 95% CI: 1.61 — 7.40), and
hippocampus (F(1,127) = 4.35, p = 0.039; 95% CI: 0.96 — 3.79). The main effect of group
remained significant for the reported cortical and subcortical regions after correction for multiple
comparisons using the Benjamini-Hochberg method. One-way ANOVAs used to assess the main
effect of group on total volume at each MRI scan (timepoints 1 and 2) showed no effect of group
on total volume in 18 of the 19 cortical ROl and all 7 subcortical ROI on either scan. The
difference initially shown between groups in total volume of the superior parietal gyrus did not
survive corrections for multiple comparisons.

3.4 CSF Sampling

Linear regressions showed that age, sex, years of education, and diagnosis had no effect on CSF
measures. One-way ANOVAs revealed a significant effect of group on CSF ABi.42 (F (1, 98) =
42.46, p < 0.001; 95% CI: 1166.38 — 1309.20) (Table 1). There was no effect of group on CSF t-
tau or CSF p-tau.

3.5 AT(N) Classification
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We found 0 out of 31 amyloid converters were A+T+(N)+. Eight amyloid converters were
A+T+(N)- and two were A+T-(N)+. The remaining 21 amyloid converters were A+T-(N)-. All
63 non-converters were A- and none were found to be A-T+(N)+. Of the 63 non-converters, 18
were A-T+(N)- and 4 were A-T-(N)+. Data, including diagnostic status, is reported in Table 2.
3.6 Cognition

Linear regressions showed that age, sex, years of education, and diagnosis had no effect on
annualized cognitive change. One-way ANOVAs showed no significant effect of group on
annualized change in performance on any of the five measures (p > 0.05) or on performance at
either cognitive testing visit (timepoint 1 or 2). Figure 4 displays how (minimally) performance
on Logical Memory Delayed Recall differed between groups.

3.7 Sensitivity Analyses

Consistent with findings observed in the entire sample, sensitivity analyses conducted separately
in the CN and MCI diagnostic groups showed the same significant effect of group (amyloid
converter vs. non-converter) from assessment of SUVR of both PET scans and when annualized
change in SUVR was evaluated. Likewise, the same significant between-group difference in CSF
APi1.-42 (lower CSF ABs.42 In amyloid-converters) was shown in separate analyses of CN (F(1,54)
=10.98, p = 0.002) and MCI participants (F(1,42) = 31.53, p <0.001) and no group differences
were shown in CSF t-tau or CSF p-tau. From evaluation of MRI data in the two diagnostic
groups, the only regions to show a significant group difference (in either annualized percent
change or total volume at timepoint 1 or 2) following Benjamini-Hochberg correction for
multiple comparisons was annualized percent volume change in the pallidum, hippocampus, and
accumbens in the CN group. Assessment of cognitive measures in both groups revealed a

significant group difference in the CN group in annualized change in performance on the Copy
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Administration of the Clock Drawing Test. Data pertaining to SUVR, CSF measures, and other
significant findings are shown in Supplemental Table 1.

4. Discussion

In this study examining changes that occur while participants convert from A- to A+, we
observed an increased prevalence of APOE &4, greater annualized percent volume loss in 8
cortical and 3 subcortical brain regions, and lower CSF Ap;.4, relative to participants who
maintained A-. Many existing studies that have examined participants with varying A status
have analyzed participants who are already A+ in comparison to participants who are A- and
found mixed results (Dubois et al., 2018; Harrison et al., 2021; Sperling et al., 2020; Tosun et al.,
2021). Therefore, goals of the present study were to 1) expand upon previous literature by
examining biomarker changes that occur while participants convert from A- to A+ and 2)

investigate the less-explored relationship between changes in Af with neurodegeneration.

Many of our findings were supportive of previous observations of amyloid deposition in
aging individuals (Chen & Mobley, 2019; Selkoe & Hardy, 2016). We saw expected differences
between the amyloid converter and non-converter groups in APOE &4 and CSF Ap1.42 but no
differences in CSF t-tau or p-tau between the two groups. An increased prevalence of APOE &4
carriers in the amyloid converter group is expected because the presence of the &4 allele is
believed to modify how AP is cleared from the brain (Fouget et al., 2014; Selkoe & Hardy,
2016). Similarly, lower CSF Ap;.42 is expected in participants who are A+ on florbetapir PET
because less AP can be in the CSF if plaques (reflected by PET) have already formed (Chen &
Mobley, 2019; He et al., 2021; Selkoe & Hardy, 2016). Importantly, our findings showed that the
groups in this study did not differ in demographic factors or medical history such as

cardiovascular health or smoking status. This finding provides support that the differences found
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between the amyloid converter and non-converter groups were not driven by these potentially

confounding factors.

Arguably our most striking findings were within PET and MRI data which provided
evidence of greater annualized change in amyloid converters compared to non-converters. Since
global cortex SUVR > 1.11 was the positivity threshold, it was inherent to our study design that
amyloid converters would have significantly greater SUVR values at the second florbetapir PET
scans. We also observed higher SUVR in females which at least one other study has shown
(Gottesman et al., 2016) but is inconsistent across cohorts (Jack et al., 2015; Jansen et al., 2022).
Moreover, we saw that amyloid converters had significantly greater SUVR at the first PET scan
which occurred over two years prior to the second PET scan. In the non-converter group, we saw
essentially no change between the first and second PET scans indicating a slower rate of amyloid
accumulation. These findings demonstrate that increased amyloid retention may be a gradual
process that begins some time (years) before conversion takes place. Previous studies have begun
to emphasize that the magnitude of amyloid change (as indicated by SUVR), rather than baseline
AP burden, may be an equally or more effective measure for assessing progression of AD
(Farrell et al., 2018; Landau et al., 2018; van der Kall et al., 2022). Meanwhile, others have
shown that measuring SUVR in specific ROI rather than a larger composite region may be more
sensitive to initial changes in amyloid in addition to displaying greater correspondence with

cognitive changes (Guo et al., 2020).

The importance of assessing magnitude and annualized change was further reflected in
our cortical volume findings. From the 19 ROI assessed, greater annualized percent volume loss

was shown in 8 ROI in the amyloid converter group relative to the non-converter group.
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Interestingly, when isolated total volume was assessed at either the first or second MRI scan,
there were no differences between the groups. These findings contrast previous studies which
have shown increased cortical thickness or volume in participants who are A+ individuals
compared to those who are A- when measured cross-sectionally (Fortea et al., 2011; Harrison et
al., 2021; Johnson et al., 2014; Montal et al., 2018). This discordance in findings could be
explained by the two-phase phenomenon; characterized by an initial phase of cortical thickening
followed by cortical atrophy, which is believed to take place during amyloidosis (Fortea et al.,
2014; Harrison et al., 2021; Montal et al., 2018). It is possible amyloid converters in the present
study had already progressed to cortical atrophy and that is why we saw greater annualized

percent volume loss in this group.

In the subcortical ROIs assessed, greater annualized percent volume loss was observed in
the hippocampus, amygdala, and pallidum in the amyloid converter group. Many previous
studies have not explored subcortical regions outside of the hippocampus. Moreover, those that
have examined hippocampal volume in participants with different Ap status have only examined
participants at one timepoint and not shown any group differences (Chen et al., 2021; Dubois et
al., 2018). From assessing hippocampal volume and volume of other subcortical ROI at the first
or second MRI scan alone, there were no differences between groups in isolated total volume.
The difference between groups was only detectable when annualized percent volume loss was
measured. When we separated the diagnostic groups, we saw the difference in annualized change
persisted in the pallidum and hippocampus in the CN group with greater annualized percent
volume loss in the amyloid converter group. We also saw greater annualized percent volume loss
in the accumbens in the CN non-converter group. Seeing changes in the CN group but not the

MCI group was unexpected since one might anticipate that participants with cognitive
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impairment might be more sensitive to changes in biomarkers. Nonetheless these findings are
meaningful to our interpretation of the MRI results because they provide evidence that the
greater atrophy rate in the amyloid converters in the full sample is not driven by findings in the

MCI group alone.

Since the nature of this study already categorized participants as A+/A-, we further
categorized full AT(N) biomarker profiles in participants with the necessary biomarker data. Per
the AT(N) framework, the presence of the Ap biomarker alone is enough to categorize whether
someone is on the AD continuum, but the additional presence of tau is required to make a
neuropathologic diagnosis of AD (Jack et al., 2018). This differentiation continues to be heavily
debated by experts ranging from neuroradiologists to clinicians as the field strives to implement
biomarkers to identify which individuals are at the greatest (lifetime) risk to develop AD
(Strikwerda-Brown et al., 2022). Our sample consisted of eight amyloid converters who were
A+T+(N)-, which means their neuropathologic profile could be interpreted as consistent with AD
despite ADNI Clinical Core guidelines which led to these participants being diagnosed by the
ADNI as MCI (n =4) or CN (n = 4) (Jack et al., 2018). Meanwhile, two other amyloid
converters with biomarker profiles of A+T-(N)+ were diagnosed as CN despite their AT(N)
profiles indicating changes in two of three biomarkers. The presence of this profile in addition to
our overall findings of changes in amyloid and neurodegeneration without changes in tau is
somewhat unexpected given widespread belief that the progression of AD is characterized by
changes in A followed by T and lastly, N. However, other studies have found evidence of the
A+T-(N)+ biomarker group and interpret this to mean that non-AD pathology may be driving
neurodegeneration and potential cognitive impairment in the absence of tau (McCollum et al.,

2021). Similarly, we observed other profiles that indicate non-AD related pathologic changes as
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we saw that 22 of 63 non-converters were A-T+(N)- or A-T-(N)+. Per the AT(N) framework,
this can be interpreted to mean that while these 22 non-converters have neuropathology, they are
not on the AD continuum (Jack et al., 2018). Further work characterizing biomarkers in addition
to cognitive changes in participants without dementia may strengthen our understanding as to
what changes are characteristic of AD versus what biomarker changes may accompany normal
aging without the development of clinical symptoms.

Lastly, we found no difference between the two groups (amyloid converters and non-
converters) in annualized rate of cognitive change or in cognitive performance at either cognitive
testing visit. Other studies have shown disparate findings when comparing cognition between
participants who are A- and A+ (Dubois et al., 2018; Johnson et al., 2014; Rentz et al., 2021).
There was a greater rate of annualized change (worsening) in the CN non-converter group on the
Copying Administration of the Clock Drawing Test whereas the CN amyloid converter group
showed virtually no change. It was unclear why this difference existed in CN participants.
Altogether, the lack of cognitive differences in the full analytic sample may seem unexpected
given the difference observed between the two groups in neurodegenerative changes. Still, we
often observe that cognitive change is closely tied to tau aggregation (Guo et al., 2021; Jack et
al., 2013; Pichet Binette et al., 2022). Interestingly in this sample, a relatively small proportion of
amyloid converters with full neuropathologic profiles (8 of 31 participants) had an above
threshold concentration of both AP and tau. This leads us to wonder if having more A+T+
participants in the sample would have resulted in more notable cognitive differences between the
two groups. Furthermore, the lack of cognitive differences may reflect our choice to only include
CN and MCI participants in the analytic sample. Per inclusion criteria, no one who progressed to

AD by the second timepoint was included in this study. Lastly, these findings may reflect
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cognitive reserve and how older adults are able to maintain cognitive abilities despite
pathological diseases burden (Stern, 2012).

4.1 Limitations

Although we had access to 68 participants who showed conversion on florbetapir PET from A-
to A+, the sample size of this study remains modest. While some participants had tau PET scans
as part of the ADNI, we elected to focus our tau findings on CSF p-tau measures. Use of CSF p-
tau may further be a limitation as we did not have data from all 136 participants, nor did we look
at longitudinal change in p-tau. Once consensus is reached as to how researchers can best
interpret tau PET positivity, it would be interesting to see what including longitudinal tau PET
data adds to our findings and knowledge about biomarker changes in the trajectory of AD.

Using the ADNI population allows us to examine data longitudinally and in participants
across North America, but certain limitations exist when using a clinical trials population which
has selection criteria that restricts many in the general population from study entry. Furthermore,
assessing biomarker changes that accompany a specific timeframe, such as when amyloid
conversion occurs, is limited when we only have data from scheduled study visits.

4.2 Conclusions

The results of this study confirmed our hypothesis that the amyloid converter group would show
an increased prevalence of APOE &4, greater annualized percent volume loss in selected MRI
regions, and lower CSF Af;.42 in comparison to the non-converter group in this ADNI sample.
These results provide compelling evidence that important neuropathological changes are
occurring prior to amyloid conversion and that studying rates of change may be most sensitive to
establishing meaningful differences in biomarkers rather than static measures.
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Tables
Table 1: Demographic, APOE €4, SUVR, and CSF Data
Amyloid Converters Non-Converters p value
(n =68) (n=68)
Age mean (SD), y 76.41 (7.24) 76.01 (7.38) 0.75
Education mean (SD), y 16.56 (2.40) 16.84 (2.80) 0.53
Sex (M/F) 40 M 42 M 0.73
28 F 26 F
Diagnostic Status 41 CN 42 CN 0.86
(CN/MCI) 27 MCI 26 MCI
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Race

History of
Cardiovascular Health

Smoking Status

APOE ¢4 carrier
n (%)

0 &4 alleles
1 €4 alleles
2 &4 alleles
PET SUVR Scan #1
PET SUVR Scan #2
CSF AB1_42 (n = 100)
mean (SD), pg/mL
CSF t-tau (n = 100)
mean (SD), pg/mL
CSF p-tau (n = 100)
mean (SD), pg/mL

65 White
1 Black
2 More than One

40 with history
27 without

25 Smokers
42 Non-Smokers

28 (41.18)

40 (58.82)
22 (32.35)

6 (6.82)
1.07 (0.03)
1.16 (0.04)

1003.31 (415.06)

242.91 (90.86)

21.29 (7.88)

67 White
1 Black

42 with history
26 without

32 Smokers
36 Non-Smokers

8 (11.76)

60 (88.24)
8 (11.76)
0(0)
1.01 (0.05)
1.01 (0.04)
1472.26 (299.85)

226.26 (64.74)

19.62 (5.64)

0.36

0.81

0.25

<0.001

<0.001
<0.001
<0.001
<0.001
0.29

0.22

One-way ANOVAs used for continuous data, chi-square testing used for categorical data.
Response for medical history recorded as “yes” or “no,” (n = 135). APOE &4 carrier indicating
participants with presence of one or more €4 alleles. Sex was added as a covariate to models for

SUVR on PET scans.

Key: AB;.4, = amyloid beta 1-42 peptide; ANOVA = analysis of variance; APOE = Apolipoprotein E; CN =
cognitively normal; CSF = cerebrospinal fluid; F = Female; M = Male; MCI = mild cognitive impairment; n =
number, PET = positron emission tomography; p-tau = phosphorylated tau; t-tau = total tau; SUVR = standard

uptake value ratio; y = years

Table 2: AT(N) Profiles of Participants

Total ADNI
ADNI Clinical ADNI Clinical Conversion
Core Diagnosis: Core Diagnosis: Participants
CN MCI (n=94)
A+T+(N)+ - - -
Amyloid A+T+(N)- 4 4 8 (25.81)
Converters A+T-(N)+ 2 - 2 (6.45)
(n=31) A+T-(N)- 8 13 21 (67.74)
Total 14 17 31 (100)
A-T+(N)- 14 4 18 (28.57)
Non- A-T-(N)+ 1 3 4 (6.35)
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Converters A-T+(N)+ - - -
(n=63) A-T-(N)- 24 17 41 (65.08)
Total 39 24 63 (100)

Values reported as number or number (percent). Participants without complete AT(N) biomarker
data excluded. Key: A- = amyloid negative; A+ = amyloid positive; ADNI = Alzheimer’s Disease Neuroimaging
Initiative; CN = cognitively normal; MCI = mild cognitive impairment; n = number; T- = tau negative; T+ = tau
positive; (N)- = neurodegeneration negative; (N)+ = neurodegeneration positive

Figure Captions

68 Amyloid Converters

B

PET data collected from 2 visits
| Baseline | Year2 | Baseline |Year 2

A-to A+ a % Maintain A- %

PET data collected from 2 visits

/

Cognitive data x 2

T1* MRI data x 2

If

CSF data (n = 36)

Figure 1: Schematic displaying data collection from both amyloid converters and non-
converters. PET data from ADNI amyloid converters was collected from the first visit a
participant became A+ and the visit prior. PET data from ADNI non-converters was chosen from
participants who remained A- over the same time frame. From both groups, cognitive and MRI
data were collected from the same timepoints as PET data (when possible). CSF data for both
groups were only collected from 1 visit. Only CSF data acquired within ~24 months of the PET

data of interest were included in analyses. Note: “Year 2" (as written above) does not describe the exact
timeframe between PET visits but is used to reflect that many ADNI participants in this study had PET scans taken
at their baseline and “year 2” ADNI visits. Abbreviations: A- = amyloid negative; A+ = amyloid positive; ADNI =
Alzheimer’s Disease Neuroimaging Initiative; CSF = cerebrospinal fluid; MRI = magnetic resonance imaging; PET
= positron emission tomography.
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[Figure 2
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Amyloid Converters
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Figure 2: (A) Higher global florbetapir SUVR shown in amyloid converters at timepoint 1 and
timepoint 2. Difference in non-converters is relatively unchanged between timepoints. B)
Spaghetti plot illustrates longitudinal change of all participants. Threshold florbetapir SUVR( =
1.11) denoted in red. Abbreviations: SUVR = standardized uptake value ratio
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Figure 3: Cortical ROI that showed greater annualized percent volume loss in amyloid
converters compared to non-converters shown (p < 0.05 following Benjamini-Hochberg
method). Lateral surface (A) illustrates lateral occipital cortex, superior temporal gyrus, middle
temporal gyrus, and pars orbitalis. Medial surface (B) illustrates caudal anterior division of
cingulate cortex, posterior division of cingulate cortex, medial division of orbitofrontal cortex,
and frontal pole. Abbreviations: ROI = regions of interest

Z-scored Performance on Logical Memory Delayed
Recall
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Figure 4: Z-scored performance of both amyloid converters and non-converters on Logical
Memory Delayed Recall. Scores calculated so that negative numbers denote worsening, 0
indicate no change, and positive numbers indicate improvement. Group differences between
amyloid converters and non-converters at both timepoints and annualized rate of change (in
performance) were not significant.
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Highlights
e Studying changes in amyloid burden is important to Alzheimer’s disease research
e Examination of participants who converted in amyloid status vs those who did not
e Amyloid converters showed greater annualized percent volume loss in MRI regions
e Amyloid converters showed greater rates of amyloid accumulation on florbetapir PET
e Important neuropathological changes may be occurring alongside amyloid conversion
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