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Abstract

INTRODUCTION: Little is known about the role of age on neurodegeneration and protein 

deposition in atypical variants of Alzheimer’s disease (AD).

METHODS: Regional tau and beta-amyloid PET standard uptake value ratios and grey matter 

volumes were calculated in a cohort of 42 atypical AD participants. The relationship between 

regional metrics and age was modelled using a Bayesian hierarchical linear model.

RESULTS: Age was strongly associated with tau uptake across all cortical regions, particularly 

parietal, with greater uptake in younger participants. Younger age was associated with smaller 

parietal and lateral temporal volumes. Regional beta-amyloid differed little by age. Age showed a 

stronger association with tau than volume and beta-amyloid in all cortical regions. Age was not 

associated with cognitive performance.

DISCUSSION: Age is an important determinant of severity of cortical tau uptake in atypical AD, 

with young participants more likely to show widespread and severe cortical tau uptake.
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1. Introduction

Age is an important determinant of brain health, with brain atrophy observed in older 

people[1]. However, paradoxically, the opposite relationship has been observed in 

Alzheimer’s disease (AD), with younger patients typically showing greater cortical atrophy 

than older patients, and older patients showing a pattern of disease more focused on the 

medial temporal lobe[2–5]. There is a great deal of clinical and pathological heterogeneity in 

AD across the age span that may contribute to these findings. Pathologically, the distribution 

of tau deposition differs with age[6]. Older patients are more likely to show a limbic-

predominant pattern of tau deposition while younger patients are more likely to show a 

hippocampal-sparing pattern of tau deposition[6]. Findings from tau-PET studies using the 

[18F]AV-1451 ligand in AD largely fit with these pathological findings, with younger AD 

patients showing greater cortical tau uptake than older patients[7–10], and older patients 

showing mild medial temporal tau uptake with sparing of the cortex[7]. However, older 

patients are also more likely to have other pathologies and comorbidities contributing to 

their disease[11], such as vascular impairment, and deposition of the TAR DNA binding 

protein of 43KDa which increase with age and can be associated with medial temporal 

atrophy[12–15]. Understanding age affects across this wide spectrum of AD is, therefore, 

challenging.

Atypical variants of AD often have a young age at onset and show less involvement from 

other comorbidities, such as white matter hyperintensities[16] and TDP-43[17]; and hence 

allow for a less complicated interpretation of age associations. Two of the most common 

clinical variants of atypical AD are posterior cortical atrophy (PCA)[18, 19] and the 

logopenic variant of primary progressive aphasia (lvPPA)[20] which present with 

visuospatial/perceptual or language deficits, respectively. On MRI and [18F]AV-1451 PET, 

PCA involves the occipital and parietal lobes, while lvPPA involves left temporoparietal 

regions[21–25], although there is a large degree of overlap between the syndromes, 

particularly in [18F]AV-1451 uptake which is widespread in both[23]. Little is currently 

known about the role of age on these patterns in atypical AD. Furthermore, it is unknown 

whether age is a stronger predictor of neurodegeneration or protein deposition in AD, and 

whether it influences cognition. Understanding the role of age is critical to increase 

understanding of the pathophysiology of the disease, in helping to interpret imaging 

findings, both clinically and in clinical treatment trials, and could aid in providing better 

information and prognosis to patients and families.

We aimed to assess the relationship between age and deposition of the two cardinal AD 

proteins, paired helical filament tau and beta-amyloid (Aβ), as well as neurodegeneration 

measured on MRI in atypical AD participants, and compare age associations across 

modalities. We also aimed to assess the evidence that age is predictive of the degree of 

cognitive impairment in atypical AD.
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2. Methods

2.1. Patient recruitment

Forty-two patients that met clinical diagnostic criteria for either PCA[18] (n=21) or 

lvPPA[20] (n=21) were recruited from the Department of Neurology, Mayo Clinic, 

Rochester, into an atypical AD NIH- funded study between June 9th 2016 and March 8th 

2018. All patients underwent a neurological examination (KAJ, JGR), neuropsychological 

testing, a volumetric 3T MRI, [18F]AV-1451 PET and Pittsburgh compound B (PiB)-PET. To 

be included in the study patients had to show Aβ deposition on PiB-PET (as described 

below). Patients were excluded if they had a stroke/tumor; if they presented with early 

episodic memory impairment or met clinical criteria for amnestic mild cognitive impairment 

or typical AD [26]; if they had poor vision or if MRI was contraindicated. One patient was 

excluded for not showing Aβ deposition on PiB-PET. The median age of the cohort at 

assessment was 68 years (interquartile range, 61–74 years, min = 53 years, max = 80 years), 

with 69% female. The study was approved by the Mayo Clinic IRB and all patients or 

proxies consented for the research study (proxies provided consent for 23 participants).

2.2. Clinical testing

All participants underwent a thorough neurological evaluation which included the Montreal 

Cognitive Assessment Battery (MoCA) [27] to assess general cognitive function, the 

Clinical Dementia Rating (CDR) Scale [28] to assess functional ability, 15-item Boston 

Naming Test (BNT) [29] to assess naming, the Repetition of Sentences subtest of the Boston 

Diagnostic Aphasia Examination (BDAE) [30] to assess sentence repetition, the Western 

Aphasia Battery subtest for ideomotor apraxia [31], and tests of letter (FAS) and animal 

fluency to assess phonemic and semantic fluency. The presence/absence of oculomotor 

apraxia and optic ataxia were assessed as previously described[23]. A subject was 

considered to have Gerstmann syndrome if they had acalculia, left-right confusion, agraphia 

or finger agnosia. The severity of simultanagnosia was determined on a 20-point scale, as 

previously described[23].

The neuropsychological battery included the Visual Object and Space Perception Battery 

(VOSP) [32] incomplete letters test to assess visual perception, the Rey-Osterrieth (Rey-O) 

Complex Figure test [33] to assess visual constructional abilities, and the Wechsler Memory 

Scale-III (WMS-III) Visual Reproduction test [34] to assess visual memory. The Rey-O and 

WMS-III % retention scores were expressed as Mayo Older American Normative (MOANS) 

age-adjusted scale scores which have a mean of 10 and standard deviation of 3 among 

cognitively normal individuals.

2.3. Neuroimaging

All PET scans were acquired using GE PET/CT scanners. For tau-PET, participants were 

injected with ~370MBq (range 333–407MBq) of [18F]AV-1451, followed by a 20-minute 

PET acquisition performed 80 minutes after injection. For PiB-PET, participants were 

injected with ~628 MBq (range, 385–723 MBq) of PiB and after a 40-to-60-minute uptake 

period a 20-minute PiB scan was obtained. Both 20-minute late- uptake PET scans consisted 

of four, five-minute dynamic frames following a low dose CT image. PET sinograms were 
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iteratively reconstructed into a 256mm FOV (pixel size= 1.0mm, slice thickness=3.3mm). 

The four individual frames were averaged for analysis. All participants underwent a 3T MRI 

protocol on a GE scanner that included magnetization-prepared rapid gradient-echo 

(MPRAGE) (TR/TE/T1=2300/3/900ms; 26-cm FOV, slice thickness=1.2mm, in-plane 

resolution= 1mm) and fluid- attenuated inversion recovery (FLAIR) (TR/TE=11000/147ms; 

22-cm FOV; slice thickness=3.6mm) sequences.

Regional metrics were calculated for each neuroimaging modality for the same set of 10 

regions-of-interest (ROIs) generated using the Mayo Clinic Adult Lifespan Template 

(MCALT) (https://www.nitrc.org/projects/mcalt/): medial temporal (entorhinal cortex

+parahippocampal hippocampus+amygdala), lateral temporal (inferior+middle+superior 

temporal gyri), fusiform gyrus, inferior parietal (inferior parietal+supramarginal+angular 

gyrus), superior parietal, posterior cingulate, precuneus, medial occipital (cuneus+lingual

+calcerine), lateral occipital (inferior+middle+superior occipital) and lateral frontal (middle 

frontal+superior frontal+inferior triangularis+inferior opercularis+frontal inferior orb). 

These regions were selected to cover most of the cortex as well as the medial temporal lobe, 

and because these regions are involved in atypical AD[23–25]. The image processing steps 

are detailed (Figure 1 )legend. Median [18F]AV-1451 uptake and PiB-PET uptake were 

calculated across grey and white matter in each ROI, and median values (composite regions 

were combined as the size-weighted mean of medians) were divided by median uptake in 

cerebellar crus grey matter to create standard uptake value ratios (SUVRs). The MCALT 

atlas was also used to calculate grey matter volume of each ROI as a sum of the 

segmentation grey matter probabilities. Total intracranial volume (TIV) was also calculated. 

For inclusion in the study, participants were considered to have Aβ deposition on PiB-PET if 

the global PiB SUVR[35] was greater than 1.42[36]. White matter hyperintensities were 

segmented and manually edited on the FLAIR images by a trained image analyst (AJ) using 

a semi-automated method[37].

2.4. Statistical analysis

The goal of our analysis was to compare age associations across regions within a modality, 

across modalities within a region, and between lvPPA and PCA. To achieve our goal, we 

used Markov Chain Monte Carlo simulation to obtain posterior estimates across thirty 

regions, three modalities, and two syndromes from a single, comprehensive hierarchical 

linear model in the Bayesian paradigm, which addressed the problem of multiple 

comparisons while providing more accurate, stable, and generalizable estimates[38, 39]. 

Estimates of the posterior distribution were obtained using R [40] version 3.4.2 and the rjags 

[41] package version 4–6. Results were categorized into two tiers; we us the term “evidence” 

when there was a posterior probability ≥0.90 of an effect and the term “strong evidence” 

when there was a posterior probability ≥0.99 of an effect. More detailed motivations and 

explanations for this model can be found in Appendix A.

In a secondary analysis, we fit ten independent linear models using age-at-scan to predict the 

ten clinical test measures in an attempt to show directionality of the age effect on clinical 

presentation. Thirty one patients that had complete clinical data (17 lvPPA and 14 PCA) 

were included in these models. A priori we acknowledge that these clinical instruments are 
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themselves measuring a composite of multiple factors that comprise the clinical 

presentation, adding additional layers of complexity to any more sophisticated analyses. 

Hence, further analyses that would require a method of standardization across the ten 

clinical outcome measures of these clinical tests were not pursued and exploratory results 

were not corrected for multiple comparisons.

3. Results

3.1. Group characteristics

Age at scan did not differ between IvPPA and PCA, although PCA had younger age at onset 

and longer disease duration (Table 1). PCA performed worse than IvPPA on CDR, VOSP 

letters, Rey-O and simultanagnosia severity, and had a greater proportion of optic ataxia, 

oculomotor apraxia and Gerstmann syndrome. There was a trend for PCA to show greater 

burden of white matter hyperintensities.

3.2. Age associations in the entire cohort

Negative associations were observed between tau-PET uptake and age across all ROIs 

except medial temporal lobe, with younger age associated with greater tau-PET uptake 

(Figure 2). The age effect was largest for the four parietal ROIs, with the age effect in 

posterior cingulate (27%) greater than in all other regions (probabilities ≥0.94) (Table 2). 

Age effects were similar for inferior parietal, superior parietal and precuneus regions 

(approximately 25%), while age effects in all other regions were smaller (Table 2). For MRI-

volume, positive associations were observed with age, whereby younger age was associated 

with smaller volumes, although age effects were smaller than those observed for tau-PET 

(Figure 2). The age effect was comparable for the parietal and lateral temporal regions at 

roughly 5% or less (Figure 2). There was no apparent age effect on volume in fusiform, 

medial temporal, lateral occipital, or lateral frontal ROIs, but indications that younger 

participants may have had larger volumes of the medial occipital lobe with an age effect of 

about −3%. Across regions, Aβ varied little with age effects of only a few percent (Figure 

2).

When comparing age effects across modalities, age effects in tau-PET were greater than 

MRI- volume and Aβ-PET (Figure 3), except in medial temporal lobe where none of the 

modalities showed age associations (Figure 2). There was little evidence for a difference in 

age associations of MRI-volume and Aβ-PET other than moderate evidence of a difference 

(probability=0.92) in the medial occipital region (Figure 3). When comparing modalities, the 

sign of volume age effects was corrected so that decreasing volume was accurately 

compared to an increase in protein uptake.

3.3. Age associations in IvPPA and PCA

Both lvPPA and PCA showed clear evidence of negative associations between age and tau-

PET uptake across all ROIs, except for medial temporal lobe (Figure 4). However, there was 

evidence that the age associations were stronger in PCA than lvPPA in precuneus (30% 

versus 17%) and posterior cingulate (34% versus 21%). Similarly, although age effects on 

MRI tracked well between lvPPA and PCA, PCA showed a stronger precuneus age effect 
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than lvPPA (8.5% versus 2.3%), with only weak evidence of a precuneus age effect in 

lvPPA. There was clear evidence of an association between age and volume of both inferior 

and superior parietal ROIs in lvPPA with age effect sizes of roughly 6%, with weaker 

evidence of age effects in PCA with age effect sizes of only 1% and 4%, respectively. A 

negative age effect of ~5% was observed in medial occipital volume in PCA, whereby 

younger age was associated with larger volumes. No differential age effects across diagnoses 

in Aβ were found in any ROIs.

3.4. Age associations with clinical outcomes

There was no evidence for an association between age and performance on MoCA (p=0.28), 

CDR-SB (p=0.66), letter fluency (p=0.57), animal fluency (p=0.15), WMS III VR% 

(p=0.81), BNT (p=0.65), WAB apraxia (p=0.56), VOSP letters (p=0.25) or Rey-O (p=0.22) 

across cohort. Performance on BDAE repetition showed a potential relationship with age 

(p=0.04), with poorer performance observed in younger participants.

4. Discussion

The findings from this study suggest that age plays a strong role in determining the degree of 

cortical tau uptake in atypical AD, with younger participants more likely to show 

widespread and severe cortical tau uptake compared to older participants. Age showed a 

stronger relationship to tau uptake compared to atrophy on MRI and Aβ deposition, and no 

relationships between age and cognitive decline were found.

The association between younger age and greater tau uptake on PET was observed across all 

cortical regions, but was significantly stronger in medial and lateral parietal regions. This 

pattern was observed in lvPPA and PCA showing that this regional pattern was not driven by 

the specific atypical AD syndrome. It, therefore, appears as though tau uptake in the parietal 

lobe is particularly age related in atypical AD. Studies that have assessed the relationship 

between age and tau uptake in participants with typical AD have similarly found age 

associations in cortical regions, with one study implicating frontal and inferior parietal 

lobes[10], and another medial and lateral parietal and occipital lobes[9], suggesting some 

similarity between atypical and typicalAD. Tau uptake in the medial temporal lobe did not 

vary with age perhaps suggesting that these regions show either high uptake or little uptake 

across the cohort, and hence show little variation with age. Medial temporal regions do show 

elevated tau uptake in atypical AD[23], but they are less involved than cortex[7] suggesting 

that the later explanation is most likely.

The fact that we observed greater tau uptake with younger age in atypical AD strongly 

suggests that younger patients have a more aggressive disease course, and hence accumulate 

tau at a faster rate. Indeed, rates of brain loss have been shown to be greater in younger 

typical AD patients[42]. The reason that the cortex, particularly parietal lobes, shows more 

aggressive tau accumulation in younger patients is unclear. If the theory that disease proteins 

spread through functional networks[43] is correct, then one explanation for our findings 

could be that proteins are better able to spread through more healthy networks present in 

younger adults[44]. An alternative explanation for the findings, however, could be that 

younger patients may have greater brain reserve, and hence can tolerate a larger tau burden 
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before being impaired enough to see a neurologist. This latter explanation would lead us to 

assume that the older patients would eventually develop as much cortical tau deposition as 

the younger patients; a hypothesis that would need to be tested using longitudinal data. The 

fact that we did not observe any striking relationship between cognition and age in atypical 

AD, despite differences in degree of cortical tau uptake and atrophy, may support this view. 

We also cannot rule out the possibility of some selection bias whereby older patients with 

severe tau uptake may be too severe to enter a research study due to poorer cognitive 

reserve.

We also observed relationships between age and volume, with younger age associated with 

more atrophy in parietal and lateral temporal regions, although effect sizes were smaller 

compared to the associations between age and tau, and there was also more evidence that 

regional age associations with volume differed by atypical AD syndrome. In PCA, the 

strongest positive associations with age were observed in precuneus and posterior cingulate, 

whereas in lvPPA the strongest positive associations were observed in inferior and superior 

parietal lobe, although these differences were relatively modest. One previous study assessed 

the influence of age at onset on atrophy in PCA, and similarly found that younger 

participants had thinner cortex in the precuneus and parietal lobe[45]. The fact that age 

showed much weaker associations with atrophy compared to tau uptake provides evidence 

that age is indeed playing a large role on the underlying tau pathology of the disease, with 

MRI proving a weaker surrogate of the disease process. This may speak to the specificity of 

tau PET imaging relative to MRI since the latter is a nonspecific biomarker affected by many 

aspects of ageing. An additional, unexpected finding was that volume of the medial occipital 

lobe showed a negative association with age, i.e. smaller volumes with older age, in PCA. 

This was in contrast to the tau-PET results where this region showed greater tau uptake in 

younger subjects. The reason for this discrepancy is unclear, although it may suggest that 

other non-tau age-related comorbidities or pathologies may be influencing volume in this 

region. A previous study suggested that this region has unique metabolic, connectional, and 

vascular features that may confer enhanced vulnerability to neurodegeneration[46].

In contrast to tau, it was clear that age showed no important relationship with Aβ uptake. In 

particular, there was almost no evidence of older age being associated with greater Aβ 
uptake, as one observes in cognitively normal participants[47]. This discordance is likely 

because Aβ is related to disease in our participants, but this may not be the case in 

cognitively normal cohorts where it often reflects an aging phenomenon. Since Aβ 
deposition occurs very early in the disease process and likely eventually plateaus[48] it is 

perhaps unsurprising that there is not a direct relationship between age and Aβ. A potential 

limitation was that our analysis was restricted to patients with evidence of Aβ uptake on 

PET, i.e. patients that had biomarker evidence for AD, and hence this would have reduced 

the range of Aβ SUVRs for the analysis.

We did not perform extensive modelling of cognitive test performance but generally did not 

find evidence that younger age was associated with poorer cognitive performance. Only 

sentence repetition showed a tentative positive relationship with age and singling out this 

result may be over-interpreting the data. However, we previously demonstrated that sentence 

repetition is associated with tau uptake in parietal lobes in atypical AD[23] fitting with the 
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age associations we observed in this study. One previous study also found poorer 

performance on tasks involving phonological short term memory and parietal lobe function 

in younger PCA patients[45]. One explanation for the lack of associations between age and 

cognition is that cognitive decline likely follows neurodegeneration, which in turn follows 

the deposition of tau; so the clinical measures are even further removed from the primary 

pathological process which shows the strongest relationship to age. Older age would also 

worsen cognitive performance, an effect which may balance out any associations in the 

opposite direction, particularly for tests which are not age-corrected. A limitation of our 

analysis was that the relationships between age and clinical outcomes were assessed using 

simple linear regressions, rather than a Bayesian model. This was due to both not having a 

clear hierarchical data structure (e.g., regions within modality) and the difficulty of 

standardizing outcomes across clinical measures. Furthermore, not all patients had complete 

cognitive testing allowing them to be included in these analyses, hence our power was 

reduced and we may have excluded the most cognitively severe patients. Our cohort also had 

at least moderate cognitive impairment, as evidenced by a median MoCA score of 18, and 

hence we may have lacked range to detect age effects.

A strength of this study was that we used a single Bayesian hierarchical linear model to 

provide a comprehensive profile of age associations across ten regions in three modalities 

and two syndromes simultaneously, elegantly addressing the problem of multiple 

comparisons. A limitation was that the cohort was predominantly female. While we have no 

reason to believe that age would differentially influence atrophy and tau uptake by sex, the 

results may not generalize to cohorts with different sex ratios. The PCA and lvPPA groups 

had a similar median age at scan, although the PCA participants had a longer disease 

duration and worse functional severity. These differences could explain why the lvPPA 

participants did not perform worse on tests of naming and repetition compared to PCA. 

White matter hyperintensities were observed in both groups, although with a slightly higher 

burden observed in PCA. However, white matter hyperintensity burden was lower than is 

observed in typialAD, and was similar to the burden reported in healthy controls[49].

The results from this study show that age plays a critical role in the pathophysiology of 

atypical AD and should be considered in any studies assessing neuroimaging outcomes, 

including clinical treatment trials. Tau status at entry to a clinical treatment trial may be just 

as important as Aβ status, since if the trial includes younger ages they may be including 

people that already have a high tau burden even if they are mildly affected clinically. Our 

results show that age is a particularly strong determinant of tau pathology in the cortex and 

future studies will be needed to determine the mechanism underlying this association. 

Although our study was cross-sectional in design, the suggestion that younger patients 

exhibit a more aggressive disease will be important to help educate patients and longitudinal 

studies will be needed to determine whether these patients also show worse prognosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Younger age is associated with more severe cortical tau uptake in atypical AD

• Age shows a stronger relationship to tau uptake than volume or beta-amyloid 

uptake

• Posterior cortical atrophy and logopenic aphasia show similar age 

associations

• Age is an important determinant of pathophysiology in atypical AD

Research in context

Systematic review:

The authors reviewed the literature using PubMed and search term “age” as well as 

disease (“Alzheimer”, “posterior cortical atrophy”, “logopenic”) and neuroimaging 

search terms (“MRI”, “PET”). One study has shown that age influences atrophy in a 

clinical variant of atypical Alzheimer’s disease (AD), but no publications have assessed 

the effect of age on both atrophy and protein deposition in atypical AD.

Interpretation:

Our findings show that age plays a critical role in the pathophysiology of atypical AD, 

particularly in severity of tau uptake on PET, with younger patients showing worse 

neuroimaging outcomes. Age should be considered in studies and treatment trials 

assessing neuroimaging outcomes.

Future directions:

Serial data is needed to determine whether younger atypical AD patients show a more 

aggressive longitudinal decline on neuroimaging outcomes or worse future prognosis 

than older patients.
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Figure 1: Image analysis processing steps.
A: The subject-space MPRAGE is shown for a PCA participant.B: Normalization 

parameters were computed between each MPRAGE and the MCALT atlas using ANTs and 

the MCALT atlases were propagated to native MPRAGE space and used to output regional 

values. C: The MPRAGE scans were segmented using unified segmentation in SPM12 with 

MCALT tissue priors and settings. D and E: [18F]AV-1451 (D) and PiB-PET (E) images 

were co-registered to each participant’s MPRAGE using 6 degrees-of-freedom registration 

in SPM12. Median [18F]AV-1451 uptake and PiB-PET uptake were calculated across grey 

and white matter in each ROI, and median values (composite regions were combined as the 

size-weighted mean of medians) were divided by median uptake in cerebellar crus grey 

matter to create standard uptake value ratios (SUVRs). The MCALT atlas was also used to 

calculate grey matter volume of each ROI as a sum of the segmentation grey matter 

probabilities.
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Figure 2: Decade-age associations with tau SUVR, MRI-volume and Aβ SUVR in the ten 
regions-of- interest in the whole atypical AD cohort.
Estimates are shown as median percentage difference in biomarker for patients with a ten-

year difference in age-at-presentation (i.e. comparing a 75 year old to a 65 year old, or a 70 

year old to a 60 year old) with posterior probabilities of a nonzero decade-age association in 

each region for each modality shown in brackets. The thick and thin bars in each row 

represent 80% and 98% posterior confidence intervals, which clearly show two levels of 

posterior probability; posterior probability > .99 of a nonzero decade-age effect when the 
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thinner bar doesn’t cross the zero line and posterior probability >.90 of a nonzero decade-

age effect when the thicker bar doesn’t cross the zero line.
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Figure 3: Comparisons of regional decade-age associations between modality pairs.
Decade-age effect estimates are shown as mean percentage difference in age-at-presentation 

associations between modality pairs (i.e. tau SUVR vs. MRI-volume, tau SUVR vs. Aβ 
SUVR and MRI-volume vs. Aβ SUVR) within region with posterior probabilities that the 

age association is higher or lower in each modality comparison. Thick and thin bars again 

represent 80% and 98% posterior confidence intervals, similar to figure 1.
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Figure 4: Decade-age associations with tau SUVR, MRI-volume and Aβ SUVR in the ten 
regions-of- interest considered separately in PCA and lvPPA
Syndrome specific decade-age effect estimates are shown as median percentage difference in 

imaging measure between patients with a ten year difference in age-at-presentation. The 

posterior probabilities of a nonzero decade-age associations in each region for each modality 

are shown in brackets. The bottom right plot shows a direct comparison of PCA and lvPPA 

for each modality, with mean percentage difference in age associations between syndromes 

shown along with the posterior probabilities that the age associations differ between 
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syndromes. Thick and thin bars again represent 80% and 98% posterior confidence intervals, 

similar to figure 1.

Whitwell et al. Page 18

Alzheimers Dement. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Whitwell et al. Page 19

Table 1:

Demographic and clinical features of the cohort

Total (N=42) lvPPA (N=21) PCA (N=21) P value

Female sex 29 (69.0%) 14 (66.7%) 15 (71.4%) >.99

Age Onset, years 62 (56, 68) 65 (59, 72) 58 (55, 64) 0.03

Age at scan, years 68 (61, 74) 68 (62, 75) 65 (60, 71) 0.40

Disease duration, years 3 (2, 5) 2 (2, 3) 4 (3, 6) 0.003

Right handedness 37 (88.1%) 18 (85.7%) 19 (90.5%) 0.66

Global PiB SUVR 2.43 (2.19, 2.69) 2.44 (2.19, 2.89) 2.42 (2.19, 2.54) 0.54

MoCA (/30) 18 (14, 22) 19 (17, 22) 16 (12, 20) 0.18

CDR-SB (/18) 3 (1, 5) 2 (1, 3) 4 (2, 9) 0.004

Boston naming test (/15) 12 (9, 13) 11 (8, 13) 12 (9, 14) 0.25

Repetition Boston Diagnostic (/10) 8 (6, 9) 7 (6, 8) 8 (6, 9) 0.21

WAB ideomotor praxis (/60) 58 (56, 60) 58 (56, 60) 59 (54, 60) 0.82

Letter Fluency (FAS) 29 (22, 34) 26 (22, 32) 32 (25, 42) 0.22

Animal Fluency 11 (7, 14) 10 (8, 14) 12 (6, 15) 0.91

WMS III VR % Retention MOANS 8 (7, 10) 9 (7, 11) 8 (6, 9) 0.34

Optic ataxia 8 (19.0%) 0 (0.0%) 8 (38.1%) 0.003

Oculomotor apraxia 7 (16.7%) 0 (0.0%) 7 (33.3%) 0.009

Gertsmann syndrome 14 (35.9%) 2 (10.5%) 12 (60.0%) 0.002

Simultanagnosia severity 17 (8, 19) 19 (17, 20) 8 (3, 13) < 0.001

VOSP Letters 18 (14, 19) 19 (18, 20) 14 (4, 18) <.001

Rey-O MOANS 2 (2, 6) 6 (2, 10) 2 (2, 2) 0.002

WMH volume, cm3 14.2 (10.4, 19.9) 11.8 (9.8, 18.3) 17.4 (13.1, 27.6) 0.05

WMH volume, % of white matter vol. 3.51 (2.39, 5.03) 2.97 (2.37, 4.06) 4.16 (2.57, 6.76) 0.11

Data are shown as median (25th percentile, 75th percentile) or N (%). MoCA = Montreal Cognitive Assessment Battery; CDR = Clinical Dementia 
Rating Scale sum of boxes; WAB = Western Aphasia Battery; WMS III VR % Retention = Wechsler memory scale, version 3, visual reproduction 
percent retention; VOSP = Visual object and space perception; MOANS= Mayo’s older adults normative scale; WMH = white matter 
hyperintensities
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