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Background: Instrumental activities of daily living (IADL) impairment and apathy occur in 

early-stage Alzheimer’s disease (AD) and are associated with regional atrophy and 

hypometabolism in vivo and greater tau burden at autopsy.

Objective: To explore the association between IADL impairment, apathy, and in vivo regional 

tau in mild cognitive impairment (MCI) and AD dementia.

Methods: Forty participants (24 MCI, 16 AD dementia) underwent assessments of IADL 

(Functional Activities Questionnaire, FAQ) and apathy (Apathy Evaluation Scale Informant report, 

AES-I). Regional tau was assessed using flortaucipir positron emission tomography (PET) and 

amyloid using Pittsburgh Compound B PET. Regions with unadjusted associations of p≤0.01 were 

entered into regression models assessing the relationship between tau and FAQ or AES-I, adjusting 

for age, sex, and cognition, with/without a tau by amyloid interaction.

Results: Unadjusted IADL impairment but not apathy was associated with greater tau in multiple 

regions. After adjusting for covariates, for medial orbitofrontal and entorhinal cortex the 

interaction between tau and amyloid was associated with IADL impairment and for anterior 

cingulate it was not but independent associations with both tau and amyloid were retained. With 

whole brain analyses, similar results were seen for IADL, while for apathy tau in small clusters 

within the right anterior cingulate and dorsolateral prefrontal cortices were seen, which were more 

pronounced in individuals with greater amyloid.

Conclusions: This exploratory study suggests that IADL impairment in AD is associated with 

medial temporal and frontal tau, especially in individuals with elevated amyloid, while apathy may 

be associated with right frontal tau.
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Introduction

Impairment in instrumental activities of daily living (IADL), which consists of difficulties 

with activities such as handling money and managing finances, driving or using public 

transportation, shopping for clothes or food, preparing meals, cleaning, managing 

medications, and keeping track of appointments, is a major contributor to income loss for 

patients with Alzheimer’s disease and their caregivers and is a source of physical and 

psychological burden [1]. Apathy consists of a lack of motivation and interest and social 

withdrawal, and it is one of the most common neuropsychiatric symptoms in AD [2,3]. 

Additionally, apathy is a major source of frustration and burden for patients and caregivers, 

and it can lead to the isolation of both patients and caregivers, alienating them from others, 

and drastically altering their daily routine [4].

IADL impairment and apathy can occur in amnestic mild cognitive impairment (MCI) and 

worsen in mild AD dementia [2,3,5–9]. Moreover, IADL impairment has been associated 

with apathy [8,[10]. It is thought that the combination of memory impairment, executive 

dysfunction, and apathy likely leads to IADL impairment [3,10–12]. Therefore, IADL 
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impairment and apathy are clinically meaningful symptoms that may be inter-related within 

AD and are critical deficits during disease progression.

IADL impairment and apathy have been associated with regional brain changes in vivo, and 

to a lesser extent in post-mortem studies. Frontal, parietal, and temporal atrophy, 

hypometabolism, and hypoperfusion have been associated with IADL impairment at 

baseline and over time across MCI and AD dementia [13–20]. Atrophy, hypometabolism, 

hypoperfusion, reduced fractional anisotropy, and reduced functional connectivity most 

consistently in the anterior cingulate, as well as orbitofrontal, inferior temporal, parietal, 

striatum, and medial thalamus have been associated with apathy at baseline and over time 

across the AD spectrum [21–29]. Furthermore, IADL impairment has been associated with 

lower Aβ1–42 and greater total and phospho-tau in the cerebrospinal fluid (CSF) across the 

AD spectrum [15,30], while apathy has been associated with greater CSF total and phospho-

tau in AD dementia [31]. Using in vivo amyloid imaging with Pittsburgh Compound B (PiB) 

positron emission tomography (PET), both IADL impairment and apathy have been 

associated with greater cortical amyloid burden in MCI [32,33]. Finally, in post-mortem 

studies of individuals with moderate to severe AD dementia, basic ADL impairment has 

been associated with medial temporal neurofibrillary tangle (tau) burden and more 

widespread neuritic plaque (amyloid) burden in medial temporal, frontal, and occipital 

regions, while apathy has been associated with medial frontal neurofibrillary tangle burden 

but not with amyloid burden [34–36].

Recent studies using flortaucipir (FTP) PET, a.k.a. 18F-AV-1451 or T807, to visualize in 
vivo cerebral tau burden have shown that FTP binding corresponds with post-mortem Braak 

staging in AD [37–39]. However, few studies have assessed the relationship between 

neuropsychiatric symptoms or IADL and in vivo tau imaging in AD. The objective of the 

current study was to explore the associations among IADL impairment, apathy, and in vivo 
regional tau, visualized by FTP PET in MCI and AD dementia. We hypothesized that 

regional tau burden, specifically in the medial frontal cortex, would be associated with 

apathy and more widespread tau burden would be associated with IADL impairment as seen 

with other imaging modalities serving as markers of neurodegeneration. We further 

hypothesized that these associations would be stronger within individuals with greater 

amyloid burden. Regional tau burden at autopsy tracks better than amyloid with clinical 

symptoms. Therefore, the current study provides a unique opportunity to localize the 

neurodegenerative pattern related to two important clinically meaningful symptoms, IADL 

impairment and apathy.

Methods

Participants

Forty community-dwelling participants (24 MCI, 16 AD dementia) were recruited from the 

Memory Disorders Units at Massachusetts General Hospital (MGH) and Brigham and 

Women’s Hospital to participate in an investigator-initiated observational imaging study. As 

previously described [32,40], participants were healthy or had stable medical conditions, did 

not have neurological conditions other than cognitive impairment, and did not have active 

psychiatric disorders. Participants on stable doses of antidepressants were also eligible for 
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the study. Participants met criteria for amnestic MCI single or multiple domain or AD 

dementia [5,9,41]. They had objective memory impairment and a wide range of global 

cognitive and IADL impairment.

The study was approved by the Partners Institutional Review Board, and all participants and 

study partners signed a consent form before any study assessments were completed. 

Surrogate consent by the study partner was provided when necessary for AD dementia 

participants.

Clinical Assessments

IADL were assessed with the 10-item informant-based Functional Activities Questionnaire 

(FAQ) [42]; greater FAQ scores indicate greater functional impairment (range 0–30). The 

FAQ was administered to study partners for 33 of the 40 participants. Apathy was assessed 

with the 18-item Apathy Evaluation Scale Informant report (AES-I) [43]; lower AES-I 

scores indicate greater apathy (range 18–72). The AES-I was administered to study partners 

for all 40 participants. Depression severity was assessed using two tests: 1) the single 

depression item from the informant-based Neuropsychiatric Inventory (NPI) [44,45]; higher 

NPI Depression item scores indicate greater depression severity and frequency (range 0–12); 

and 2) the self (participant)-based 15-item Geriatric Depression Scale (GDS) [46]; higher 

GDS scores indicate greater depressive symptoms. Global cognition was assessed with the 

Mini-Mental State Exam (MMSE) [47]; lower MMSE scores indicate greater cognitive 

impairment (range 0–30).

PET Acquisition and Analyses

Regional tau burden was assessed using FTP PET and cortical amyloid burden was assessed 

using PiB PET. PET scans took place at the MGH PET Facility. PET images were acquired 

using a Siemens HR+ scanner (3D mode; 63 image planes; 15.2cm axial field of view; 

5.6mm transaxial resolution and 2.4mm slice interval; 69 frames: 12×15 seconds, 57×60 

seconds). FTP was synthesized, prepared and administered according to the MGH 

Radioactive Drug Research Committee-approved protocols [48]. Following a 10 mCi 

injection, 18F-FTP data was acquired with a 3D list mode, dynamic protocol using the above 

PET camera. Static 80–100 minute acquisition was used. PET data were reconstructed and 

attenuation corrected, and each frame was evaluated to verify adequate count statistics and 

absence of head motion. Specific binding was expressed in Freesurfer region of interest 

(ROI) as the standardized uptake value ratio (SUVR) to cerebellar grey as previously 

described [37,49]. Nine cortical and subcortical ROI’s were assessed: bilateral hippocampus, 

entorhinal cortex, inferior temporal, lateral temporal, precuneus, supramarginal, anterior 

cingulate, medial orbitofrontal, and dorsolateral prefrontal cortex. These ROI’s were 

selected because they either represent regions exhibiting tau burden early on in AD or 

regions that have been shown to be associated with IADL impairment or apathy as described 

in the Introduction.

PiB was synthesized and dynamic PiB PET imaging acquisition was performed as 

previously described [32,50–52]. 15 mCi 11C-PiB was administered, followed immediately 

by a 70 minute image acquisition. Cortical PiB retention was expressed as distribution 
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volume ratio (DVR), based on Logan plots of time-activity curves (cerebellar grey reference) 

[50,53]. A value of global PiB retention consisting of an aggregate of cortical regions that 

typically have elevated PiB retention in AD dementia (frontal, lateral temporal and parietal, 

and retrosplenial neocortex) was used in the analyses below.

Continuous PiB was used in the primary analyses, which were then repeated using 

dichotomous PiB. A threshold for PiB-positivity of a DVR of 1.20 has been previously 

published by our group based on a Gaussian mixture modeling approach [54].

All PET data were also evaluated after magnetic resonance imaging-based atrophy 

correction for partial volume effect using the symmetric geometric transfer matrix method 

[53,55,56]. The analyses reported below were performed without atrophy correction initially, 

and then the main analyses were repeated with atrophy correction.

Statistical Analyses

All analyses in this study were carried out using SPSS version 24.0 (IBM). Unadjusted 

correlations were performed initially to assess the relationship between FAQ, AES-I, and 

regional tau burden.

In our primary analyses, regions with associations of p≤0.01 (from the unadjusted 

correlations) were then entered into separate linear regression models with backward 

elimination (retention threshold: p<0.1) assessing the relationship between regional tau 

burden and FAQ or AES-I (dependent variables), adjusting for age, sex, and MMSE (global 

cognition). Of note, none of the unadjusted associations with the AES-I had p≤0.01, and 

therefore we did not carry out linear regression models with AES-I as the dependent 

variable.

In our secondary analyses, models were repeated including an interaction between regional 

tau and amyloid. Then, the models with FAQ as the dependent variable were repeated 

adjusting for AES-I. We also ran models further adjusting for depression using either the 

NPI Depression item or the GDS. All the secondary analyses models were adjusted for age, 

sex, and MMSE.

The associations among FAQ, AES-I, and regional tau burden were further explored by 

regressing the clinical variables onto whole brain FTP PET SUVR maps initially unadjusted, 

and then adjusted for age, sex, and MMSE. Then, analyses were repeated only among 

participants with greater amyloid burden. PET images were co-registered to the 

corresponding magnetic resonance imaging T1 image for each participant using six degrees 

of freedom and rigid body registration. Cerebellar gray was used as reference region. Mean 

and T-statistics maps were computed using the GLM Flex tools (mrtool.mgh.harvard.edu) 

implemented in Matlab 9.2 (R2017a; The MathWorks, Inc., Natick, MA). Surface 

renderings from MNI space were generated using the surfPlot toolbox 

(mrtool.mgh.harvard.edu). Exploratory vertex-wise maps were computed as an illustration of 

the ROI results and an initial more liberal and inclusive threshold was set at T>2.65, p<0.01 

and then a more stringent threshold for significance was set at T>3.57, p<0.001. No 

correction for multiple comparisons were applied in these exploratory maps.
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Results

Participant demographics and characteristics are presented in Table 1. Greater IADL 

impairment (higher FAQ score) was strongly associated with greater apathy (lower AES-I 

score) (r=−0.67, p<0.001). Greater global cognitive impairment (lower MMSE) was more 

closely associated with greater IADL impairment (r=−0.67, p<0.001) than with greater 

apathy (r=0.34, p=0.03) though both associations were statistically significant. Unadjusted 

correlations between FAQ, AES-I, and regional tau burden are shown in Table 2. For 9 out of 

the 11 regions, associations with FAQ had p≤0.01. For none of the regions did the 

associations with AES-I yield a p≤0.01. However, there were marginal associations between 

greater apathy and greater regional tau burden in the bilateral anterior cingulate (r=−0.28, 

p=0.09) and medial orbitofrontal cortices (r=−0.27, p=0.09).

Primary IADL regression models:

For most tau regions, tau was no longer significantly or marginally associated with FAQ, 

while MMSE was significantly associated with FAQ (pr=−0.71, p<0.001), as was male sex 

(pr=0.37, p=0.04). However, for two regions, tau was retained in the model with marginal 

associations: Bilateral entorhinal (pr=0.34, p=0.07) and anterior cingulate cortices (pr=0.31, 

p=0.09).

IADL regression models including amyloid:

The interaction between regional tau and amyloid was significant for IADL models for two 

regions, such that in participants with greater amyloid burden, there was an association 

between greater regional tau burden and greater IADL impairment: Bilateral medial 

orbitofrontal (tau x amyloid interaction: pr=0.54, p=0.002) and entorhinal cortices (tau x 

amyloid interaction: pr=0.51, p=0.004) (see Figure 1). For one tau region, the interaction 

between regional tau and amyloid was not significant, but independent associations with 

both tau and amyloid were retained: Bilateral anterior cingulate cortex (tau pr=0.37, p=0.05, 

amyloid pr=0.47, p=0.01), (see Figure 2). For four tau regions, neither the interaction 

between regional tau and amyloid nor the tau region was retained in the model, and only the 

amyloid predictor was retained: Bilateral dorsolateral prefrontal (amyloid: pr=0.49, 

p=0.006), inferior temporal (amyloid: pr=0.49, p=0.006), lateral temporal (amyloid: 

pr=0.49, p=0.006) and supramarginal cortices (amyloid: pr=0.49, p=0.006). No other 

predictors were retained in any of these models.

When repeating the above models adding another interaction term between MMSE and 

amyloid, that interaction term was significant (pr=−0.61, p<0.001) and the tau terms (alone 

or the interaction of tau with amyloid) dropped out from all models except for anterior 

cingulate cortex tau, which was marginally significant (pr=0.36, p=0.06).

Similar results were obtained when using a dichotomous rather than continuous amyloid 

variable.
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IADL regression models adjusting for AES-I:

The results were not significantly altered after adjusting for AES-I, while AES-I was also 

significantly associated with FAQ.

IADL analyses separated by diagnostic group:

When repeating the primary analyses within MCI participants separately from AD dementia 

participants, a similar association between IADL and entorhinal cortex tau burden (pr=0.49, 

p=0.08) was seen within the AD dementia group to that of the whole sample. However, there 

were no significant or marginal associations between IADL and regional tau burden within 

the MCI group.

IADL regression models adjusting for depression:

When using the NPI Depression item or the GDS to adjust for depression, the associations 

between regional tau and IADL were not significantly altered.

Partial volume correction:

Nearly identical results were obtained when using partial volume corrected PET data in 

unadjusted and adjusted analyses.

Whole brain voxel-wise analyses:

Before adjusting for covariates, greater IADL impairment (greater FAQ score) was 

associated (using the liberal threshold of p<0.01) with greater tau burden in the bilateral 

dorsolateral prefrontal, anterior cingulate, medial orbitofrontal, lateral parietal, inferior 

temporal, entorhinal cortex, and medial occipital regions (see Figure 3.A.). When using the 

more stringent threshold of p<0.001, all the associations were retained except for the medial 

occipital region. After adjusting for age, sex, and MMSE (global cognition), there were 

marginal associations between IADL impairment and bilateral anterior cingulate and left 

entorhinal cortex tau burden, which were not retrained at the p<0.001 threshold (see Figure 

3.B.). Among participants with greater amyloid burden, after adjusting for age, sex, and 

MMSE, IADL impairment was associated with bilateral dorsolateral prefrontal, bilateral 

anterior cingulate, right orbitofrontal, and left entorhinal cortex tau burden at a threshold of 

p<0.01 (see Figure 3.C.). However, at the more stringent threshold of p<0.001, only the 

association with left entorhinal cortex was retained (see Figure 3.D.).

Before adjusting for covariates, greater apathy (lower AES-I) was associated (using the 

liberal threshold of p<0.01) with greater tau burden in small clusters within the right anterior 

cingulate and dorsolateral prefrontal cortical regions (see Figure 4.A.). When using the more 

stringent threshold of p<0.001, these associations were not retained. After adjusting for age, 

sex, and MMSE, there were marginal associations with greater tau burden in small clusters 

within the right anterior cingulate and dorsolateral prefrontal cortical regions, again not 

retained at the p<0.001 threshold (see Figure 4.B.). Among participants with greater amyloid 

burden, after adjusting for age, sex, and MMSE, this association was more pronounced, but 

again not retained at the p<0.001 threshold (see Figure 4.C.).
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Discussion

In this exploratory study, we found that IADL impairment in cognitively impaired 

individuals with AD may be associated with medial temporal and medial frontal tau burden, 

while apathy may be associated with right frontal tau burden. For IADL impairment, some 

of these associations with tau burden (in the bilateral medial orbitofrontal and entorhinal 

cortices) were modified by amyloid burden such that they were seen in individuals with 

greater amyloid burden, while for another region (bilateral anterior cingulate cortices) tau 

and amyloid were related independently to IADL impairment. After adjusting for global 

cognition, the association between tau and IADL impairment was no longer significant for 

most regions and marginal for only two regions (bilateral entorhinal and anterior cingulate 

cortices) suggesting that cognition may be driving that association with IADL impairment 

merely serving as a proxy of global cognitive impairment. However, this association was 

significant in individuals with greater amyloid burden.

IADL impairment in AD has been associated with markers of neurodegeneration, including 

atrophy, hypoperfusion, and hypometabolism across many brain regions [14–16,18]. In the 

current study, we used FTP PET to visualize in vivo tau burden, an arguably more direct 

marker of AD neurodegeneration, and showed an unadjusted association in MCI and AD 

dementia between IADL impairment and bilateral medial frontal, lateral frontal, lateral 

parietal, inferior temporal, lateral temporal, and medial temporal tau burden, which was 

reduced to marginal associations with medial temporal and medial frontal after adjusting for 

global cognition. Prior autopsy studies in AD dementia have shown widespread associations 

of amyloid burden and basic ADL impairment in more impaired individuals, but more 

circumscribed associations with tau burden primarily in the medial temporal region [34,36]. 

In the current study, we found that amyloid burden in an aggregate of cortical regions 

modifies the association between IADL impairment and tau for some regions of tau 

(bilateral medial orbitofrontal and entorhinal cortices) such that the association is stronger in 

individuals with greater amyloid burden. In another tau regions (bilateral anterior cingulate 

cortex), amyloid was associated independently of tau with IADL impairment. It is unclear 

why amyloid modified this association for some tau regions but not others. This needs to be 

further explored in other samples in order to either replicate or refute these results.

Similar to IADL impairment, apathy in AD has been associated with markers of 

neurodegeneration, including atrophy, hypoperfusion, and hypometabolism across many 

brain regions, but in particular in the medial frontal regions [21,22,25,26,28]. In the current 

study, in our ROI-based unadjusted analyses, we found marginal associations between 

apathy and bilateral anterior cingulate and medial orbitofrontal tau burden. This was 

replicated in the whole brain analyses, where we found marginal associations with small 

clusters of tau burden within the right anterior cingulate and dorsolateral prefrontal cortex, 

which were more pronounced among participants with greater amyloid burden. A prior 

autopsy study in AD dementia demonstrated an association between apathy and anterior 

cingulate tau burden but not with amyloid burden [35], partly in line with the finding of our 

in vivo study. Therefore, future studies in larger samples focused on these particular regions 

may help further determine the regionally specific pathology apathy relates to in AD.
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Few prior studies have investigated the association between in vivo cerebral tau deposition 

and neuropsychiatric symptoms. These studies have focused on affective symptoms in 

clinically normal older adults at risk for AD. Recently, we showed a modest association 

between minimal depressive symptoms and inferior temporal and entorhinal cortex tau 

burden in a cohort of clinically normal elderly [57]. Delving further into depression 

constructs, which could consist of apathy, anhedonia, or anxiety, as the possible drivers of 

this relationship is required. Another pilot study attempted to do that in a cohort of non-

demented individuals with late life depression where they showed an association between 

apathy and anterior cingulate pathologic burden with a non-specific PET tracer thought to 

bind to both tau and amyloid [58].

An important caveat to keep in mind is that both IADL impairment and apathy may be 

serving as a proxies of global cognition as illustrated by the strong unadjusted correlations 

between these measures, especially IADL impairment and global cognition, in our sample. 

Alternatively, IADL impairment and apathy may be highly related to and dependent upon 

certain aspects of cognitive function. To put this to the test, we adjusted our models for 

global cognition (using the MMSE). When doing so, the association between regional tau 

burden and IADL impairment was no longer significant for any region but there was a 

marginal association with bilateral entorhinal and anterior cingulate cortices. These 

associations became significant again when focusing on individuals with greater amyloid 

burden. Since the unadjusted associations between apathy and tau ROI’s were only at a trend 

level, we did not include apathy in these regression models adjusting for global cognition. 

This suggests that the association between IADL and tau in MCI and AD dementia may be 

mediated by global cognition. The unadjusted correlation between global cognition and 

IADL was strong, and therefore these results are not surprising. Moreover, before adjusting 

for covariates, IADL impairment was associated with widespread cerebral tau burden, 

suggesting a global process, as is the case with global cognition. That said, in the whole 

brain analyses, using a liberal threshold, among participants with greater amyloid burden, 

after adjusting for global cognition, IADL impairment was associated with left entorhinal 

cortex, right dorsolateral prefrontal cortex, and bilateral anterior cingulate tau burden, and 

apathy was associated with greater tau burden in small clusters within the right anterior 

cingulate and dorsolateral prefrontal cortical regions. When using a stringent threshold, only 

the association between IADL and left entorhinal cortex tau was retained. Therefore, it is 

possible that while cognition drives the association with most regional tau, more circumspect 

medial temporal and frontal regions may be associated with IADL impairment and apathy. 

Additionally, it is likely that both cognitive impairment and apathy are manifestations of 

cerebral tau burden that then contribute to IADL impairment. In order to better understand 

the nature of these complex and inter-related clinical assessments, future studies with larger 

samples, longitudinal follow-up, and more sensitive cognitive, IADL, and affective 

assessment measures will be necessary.

The current study had several limitations. First, the sample size was small, which has been 

the case for studies of cognitively symptomatic individuals with tau PET tracers. As such, a 

few participants may be driving the results observed, but we did not have statistically 

significant outliers in our sample. We did, however, note that when looking at diagnostic 

groups separately, the AD dementia group appeared to drive the associations between IADL 
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and regional tau burden. That said, larger samples at our center and other centers are being 

collected in order to further address these issues address these issues and test our 

hypotheses. Second, this sample did not include clinically normal elderly, who may be at 

risk for AD. It could be argued that apathy and IADL impairment are rare in such samples of 

clinically normal elderly. However, future longitudinal studies using more sensitive 

assessments of apathy and IADL will attempt to address this issue. Third, many models were 

employed in the above analyses, which were exploratory in nature. In order to partly 

mitigate this, the initial unadjusted correlations between the clinical variables (IADL and 

apathy) and tau burden had a stricter significance threshold of 0.01, and the threshold for the 

whole brain analyses was 0.001. Finally, the participants in the current study were highly 

educated and intelligent. This is a convenience sample similar to that of other observational 

imaging studies. As such, these findings will need to be replicated in population-based 

cohorts.

In conclusion, in this exploratory small study of MCI and AD dementia participants, we 

showed a cross-sectional association between IADL impairment and in vivo bilateral medial 

frontal and medial temporal tau burden and a possible association between apathy and right 

frontal tau burden. For IADL impairment, these associations persisted after adjusting for 

amyloid burden, depressive symptoms, and apathy. After adjusting for global cognition the 

association weakened and was limited to small frontal regions, but became significant again 

in individuals with greater amyloid burden. These findings need to be extended in larger 

scale longitudinal analyses to explore the interplay of these clinically meaningful symptoms

—apathy, IADL impairment, and cognition—, which were strongly associated in our 

sample. Moreover, exploring the sub-domains of apathy (lack of initiative, lack of interest, 

and emotional blunting) will be important in further teasing these apart.
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Figure 1. 
IADL vs. entorhinal cortex tau burden by amyloid status in MCI participants (A) and in AD 

dementia participants (B). Greater IADL impairment (higher FAQ score) is associated with 

greater entorhinal cortex tau burden among PiB-positive participants but not among PiB-

negative participants (for both MCI and AD dementia participants). The unadjusted Pearson 

correlations are shown in the graphs. In the linear regression model adjusted for age, sex, 

and MMSE, an interaction between tau and amyloid was significant when related to IADL 

(partial r=0.51, p=0.004). AD (Alzheimer’s disease), FAQ (Functional Activities 

Questionnaire), FTP (flortaucipir), IADL (instrumental activities of daily living), MCI (mild 

cognitive impairment), MMSE (Mini-Mental State Exam), PiB (Pittsburgh Compound B), 

SUVR (standardized uptake value ratio).
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Figure 2. 
Linear regression model of IADL vs. anterior cingulate tau burden (A) and cortical amyloid 

(B) adjusted for age, sex, and MMSE. Greater IADL impairment (higher FAQ score) is 

associated independently with greater anterior cingulate tau burden and cortical amyloid 

burden. The interaction between tau and amyloid was not significant when related to IADL. 

DVR (distribution volume ratio), FAQ (Functional Activities Questionnaire), FTP 

(flortaucipir), IADL (instrumental activities of daily living), MMSE (Mini-Mental State 

Exam), PiB (Pittsburgh Compound B), SUVR (standardized uptake value ratio).
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Figure 3. 
Whole brain FTP PET SUVR T-statistics maps showing the unadjusted association between 

IADL (FAQ) and tau burden (FTP PET SUVR) in all participants (A), the association 

adjusted for age, sex, and MMSE (global cognition) (B), and in participants with greater 

amyloid burden (PiB-positive), the association adjusted for age, sex, and MMSE (C). An 

additional map for PiB-positive participants adjusted for age, sex, and education with a 

threshold of p<0.001 is shown (D). Threshold on the first 3 maps was set at T>2.65, p<0.01 

in order to show a wider range of results. For t=2.0, p=0.05; t=2.65, p=0.01; t=3.0, p=0.005; 

t=3.57, p=0.001; t=4.0, p=0.0003; t=4.9, p=0.00002. FAQ (Functional Activities 

Questionnaire), FTP (flortaucipir), IADL (instrumental activities of daily living), MMSE 

(Mini-Mental State Exam), PET (positron emission tomography), PiB (Pittsburgh 

Compound B), SUVR (standardized uptake value ratio).
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Figure 4. 
Whole brain FTP PET SUVR T-statistics maps showing the unadjusted association between 

apathy (AES-I) and tau burden (FTP PET SUVR) in all participants (A), the association 

adjusted for age, sex, and MMSE (global cognition) (B), and in participants with greater 

amyloid burden (PiB-positive), the association adjusted for age, sex, and MMSE (C). Of 

note, the associations shown in these maps do not meet the p<0.001 threshold. Threshold 

was set at T>2.65, p<0.01 in order to show a wider range of results. For t=2.0, p=0.05; 

t=2.65, p=0.01; t=3.0, p=0.005. AES-I (Apathy Evaluation Scale Informant report), FTP 

(flortaucipir), MMSE (Mini-Mental State Exam), PET (positron emission tomography), PiB 

(Pittsburgh Compound B), SUVR (standardized uptake value ratio).
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Table 1.

Participant demographics and characteristics.

Mean SD Range

Age (years) 70.9 8.8 55-88

Sex (% Male) 57.5

Diagnosis (MCI / AD dementia) 24 / 16

Education (years) 15.9 2.8 8-20

AMNART 116.6 9.6 94-131

MMSE 24.7 4.1 12-30

FAQ 11.1 8.5 0-30

AES-I 55.0 10.7 30-71

PiB DVR (cortical aggregate) 1.52 0.30 1.02-2.07

PiB-positive (%) 79 (MCI: 70; AD dementia: 93)

AD (Alzheimer’s disease), AES-I (Apathy Evaluation Scale Informant report), AMNART (American National Adult Reading Test), DVR 
(distribution volume ratio), FAQ (Functional Activities Questionnaire), MCI (mild cognitive impairment), MMSE (Mini-Mental State Exam), PiB 
(Pittsburgh Compound B), SD (standard deviation).
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Table 2.

Unadjusted correlations between FAQ, AES-I, and bilateral regional tau burden.

FAQ AES-I

r p r p

Hippocampal tau 0.38 0.03 −0.07 0.68

Entorhinal cortex tau 0.55 0.001 −0.15 0.35

Inferior temporal tau 0.58 <0.001 −0.19 0.25

Lateral temporal tau 0.50 0.003 −0.15 0.35

Precuneus tau 0.39 0.02 −0.15 0.37

Supramarginal tau 0.45 0.009 −0.17 0.29

Anterior cingulate tau 0.49 0.004 −0.28 0.09

Medial orbitofrontal tau 0.49 0.004 −0.27 0.09

Dorsolateral prefrontal cortex tau 0.53 0.001 −0.23 0.15

AES-I (Apathy Evaluation Scale Informant report), FAQ (Functional Activities Questionnaire).
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