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Abstract

Background—On target 18F-Flortaucipir (FTP) binding of Alzheimer’s disease tau aggregates 

and off-target binding of melanocytes have been demonstrated with autoradiography.

Objective—We aimed to investigate the hypothesis that if binding in choroid plexus (CP) is due 

to melanocytes, the signal would be elevated in Black/African American (B/AA) compared to 

White (W) participants. In addition, we examined whether CP signal affects measurements in 

adjacent regions, and whether correcting for spill-in effects has an influence on associations 

between hippocampus (HC) FTP and amyloid or cognition.

Methods—FTP race differences in 147 Harvard Aging Brain Study participants (23 B/AA, 

124W) were examined in CP, HC, HC covaried for CP, amygdala, inferior temporal gyrus, 

entorhinal cortex, and fusiform regions. Associations between CP FTP and other regions-of-

interest (ROIs) were probed to assess spill-in effects. A statistical regression approach to attenuate 

CP spill-in was tested by relating adjusted HC SUVR residuals and unadjusted HC SUVR to race, 

cognition and amyloid. All analyses were covaried for age, sex, education and amyloid deposition, 

and Bonferroni-corrected for multiple comparisons.
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Results—B/AA individuals had elevated CP and HC SUVR (p < 0.007), whereas other ROI 

SUVR and HC SUVR covaried for CP SUVR did not show race differences (p > 0.05). CP SUVR 

was associated with HC SUVR (p < 10−14), but with no other ROI SUVR (p > 0.05). When 

adjusting HC SUVR for CP SUVR, no race differences in residual HC SUVR were detected, and 

relationships with amyloid and memory became apparent.

Conclusion—Melanocyte FTP binding may account partially for high CP signal. This off-target 

binding affects mainly HC FTP measurements, which should be interpreted with caution.
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INTRODUCTION

Alzheimer’s disease (AD) is defined by two proteinaceous brain lesions, amyloid plaques 

(Aβ) and tau neurofibrillary tangles, both accumulating before onset of clinical symptoms. 

Aβ and, more recently, tau pathologies are now readily detectable in vivo using positron 

emission tomography (PET) [1]. Tau PET acquired with 18F-Flortaucipir (FTP) reflects both 

the anatomic spread of AD-related tau pathology and its associations with clinical diagnosis 

and cognitive impairment [2–5]. Autoradiography studies using human brain tissue samples 

from multiple neurodegenerative disorders have largely confirmed the specific binding of 

FTP to paired helical filaments (PHF) tau-containing neurofibrillary tangles and dystrophic 

neurites in AD brains. In comparison, FTP binding is absent or very low in tau aggregates 

comprised by straight filaments as well as in alpha-synuclein or TDP-43 deposits [6–9].

In vivo and autoradiography studies suggest that FTP PET may be useful for detection of 

PHF-tau aggregates in AD; however, both have also identified other tracer binding substrates 

that appear not to be tau-related, so called “off-target” binding [7, 8, 10]. FTP PET signal is 

particularly prominent within the choroid plexus (CP) among a subset of individuals [5], but 

the substrate of this binding has not been established. This finding is of particular interest 

because of the close proximity of CP to the hippocam-pus (HC)—a region that is crucial in 

the study of AD tauopathy because its involvement is thought to occur at a critical stage of 

AD tauopathy progression [11]. CP consists of a dense collection of capillaries in an 

ependymal stroma surrounded by a layer of epithelium [12]. The CP of the lateral ventricles 

contain several materials that could possibly bind to FTP, including melanin [13], 

calcification/mineralization [14], Biondi rings [15, 16], and iron deposits [17]. Monoamine 

oxidase A has also been cited as a source of off-target binding [10, 18]. We hypothesized 

that if FTP were binding to melanocytes in CP, then CP FTP PET measures would be 

elevated in Black/African American (B/AA) participants compared to White (W) 

participants. We also compared FTP binding in CP to binding in nearby regions-of-interest 

(ROIs), to assess the relative impact of signal spill-in, and tested whether ROI group 

differences were related to proximity to CP. To further understand the influence of potential 

spill-in of CP FTP signal, we investigated whether associations between HC FTP 

measurement and Aβ or memory performance can be observed as expected based on the 

autopsy literature [19, 20], when using an unadjusted HC FTP measure or a HC FTP 

measure adjusted for CP binding.
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MATERIALS AND METHODS

Participants

Participants included in this study were enrolled in the Harvard Aging Brain Study (HABS), 

a longitudinal study on aging and AD. All participants provided informed consent and all 

study procedures were approved by the Partners Human Research Committee. All 

participants underwent at least one comprehensive medical and neurological evaluation, and 

none had medical or neurological disorders that might contribute to cognitive dysfunction, 

including a history of alcoholism, drug abuse, or head trauma; or a family history of 

autosomal dominant AD. Presence of clinical depression (Geriatric Depression scale < 11) 

or other psychiatric illness, history of alcoholism, drug abuse, head trauma, or a family 

history of autosomal dominant AD was an exclusion criteria.

Participants underwent clinical and cognitive evaluations, including the Clinical Dementia 

Rating (CDR) Scale and the Mini-Mental State Examination (MMSE), and met the 

following criteria: global CDR of 0 at baseline, and MMSE >25; and a self-reported race of 

Black/African American (B/AA) or White (W). Other race and multi-race individuals (n = 5) 

were excluded due to insufficient sample size. Overall, 147 controls (23 B/AA, 124W) were 

included in analyses (Table 1).

Image acquisition and processing

Magnetic resonance imaging (MRI) and 11C-Pittsburg Compound B (PiB) PET were 

collected within 8 months on average from FTP PET: mean (SD) days were 122 (112) and 

103 (141), respectively.

MRI, including a T1-weighted magnetization-prepared rapid gradient-echo (MPRAGE), was 

performed on a 3T Tim Trio (Siemens) with a 12-channel phased-array head coil at the 

Massachusetts General Hospital, Athinoula A. Martinos Centre for Biomedical Imaging 

(repetition time = 2300 ms, echo time = 2.95 ms, inversion time = 900 ms, flip angle = 9°, 

resolution = 1.05 × 1.05 × 1.2 mm). The images were processed with FreeSurfer 5.1 using 

the default automated reconstruction as described previously [21–23]. ROIs from the 

Desikan atlas [24] and the subcortical atlas provided in FreeSurfer included: cerebellar gray 

matter, cerebral white matter, CP, HC, amygdala (AM), entorhinal (ER), inferior temporal 

(IT), and fusiform (FF), as depicted in Fig. 1.

FTP and PiB were prepared and PET data were acquired at Massachusetts General Hospital 

as previously reported [5]: FTP PET (80–100 min, 4 × 35-min frames) and PiB PET (60 min 

dynamic acquisition, 69 frames) were acquired on a Siemens/CTI ECAT HR1 scanner. PET 

data was reconstructed and attenuation-corrected, and each frame was evaluated to verify 

adequate count statistics and absence of head motion.

Each individual PET data set was rigidly coregistered to the participant’s MPRAGE data, 

and transformed into the PET native space. Data using cerebellar gray or cerebral white 

matter as reference region were both included in analyses. FTP PET data were represented 

as standardized uptake value ratio (SUVR) values of the average left and right ROIs, while 

PiB PET data were represented as distribution volume ratio (DVR) values. PiB retention was 
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assessed using a large cortical ROI aggregate that included frontal, lateral temporal, and 

retros-plenial cortices as described previously. PiB DVR was used as a continuous measure 

of Aβ, and a Gaussian mixture modeling approach following previously described methods 

[25] was used to classify the participants as Aβ+ or Aβ− (cutoff value, 1.186). Data with and 

without partial volume correction (pvc) using the geometric transfer matrix method were 

used for analyses [26].

Cognitive performance

Cognitive assessments (MMSE, CDR and composite scores) were collected within a mean 

(SD) of 90.2 (48.7) days from FTP PET. Composite scores for memory and executive 

function were created using factor analyses from the entire HABS cohort (N = 284). The 

memory composite (with factor loading weights between parentheses) included the z-score 

transformations of the delayed recall scores of the 6-Trial Selective Reminding test [27] 

(0.739), the free recall of the Free and Cued Selective Reminding Test (0.605) and the 

delayed recall of the Logical Memory Test [28] (0.534). The executive function composite 

included the z-score transformations of the Trail Making Test form B minus A [29] (0.666), 

the Letter Number Sequencing test [30] (0.533) and the phonemic fluency FAS test [31] 

(0.622).

Statistical analyses

Analyses were performed using R v3.3 (https://www.r-project.org), and statistical 

significance was set at p < 0.05 (two-sided). Group differences were assessed with Welch’s 

Two Sample t-test for continuous variables, and χ2 tests (or Fisher) for dichotomous 

variables.

To investigate the effect of race on FTP SUVR, linear regression models were used (separate 

model for each ROI). All regression models performed as part of this study were controlled 

for the covariates of race, age, sex, education, and Aβ burden (Aβ status, or continuous PiB 

DVR).

To examine the associations between CP SUVR and nearby ROI SUVR, linear regression 

models were used (separate model for each ROI). The interaction of race by CP SUVR was 

investigated. If the interaction was not significant, we removed it from the model and 

examined the main effect of CP SUVR keeping the main effect of race as a covariate in the 

model. Regression models assessing regional associations with non-pvc data were repeated 

with the addition of cerebral white matter SUVR as covariate.

Next, we created a partial residual for HC FTP signal as previously reported [21] in order to 

reduce the confounding of CP signal on HC PET measurement [32]. This involved 

extracting the residuals from the univariate regression between CP SUVR and HC SUVR (n 
= 147). This adjusted HC measure (residual HC SUVR) can be interpreted as the difference 

in tau binding in the HC from the expected level for a person given his or her level of CP 

FTP binding.

Subsequently, we investigated whether CP signal influenced the association between HC 

measurements and Aβ, through linear regression models that used either unadjusted HC 
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SUVR or residual HC SUVR. In the same way, we investigated whether CP signal 

influenced race differences in the slope between HC measurements and Aβ.

Linear regression models were run to test the associations of HC SUVR (unadjusted and 

residuals) with memory and executive performance. Analyses were run within the entire 

sample, as well as within the Aβ+ and Aβ− cohorts.

All analyses were performed with either pvc or non-pvc data to assess the impact of volume 

correction on possible spill-in effects. Manuscript tables and figures show both pvc and non-

pvc data, under the following main conditions: cerebellar gray reference region, Aβ treated 

as continuous covariate (PiB DVR), and inclusion of CDR > 0 participants.

In addition, analyses were repeated with cerebral white matter as reference, since cerebral 

white matter has shown to be more sensitive to detect treatment differences than cerebellar 

gray matter [33]. Analyses were repeated with the exclusion of participants who progressed 

from baseline CDR score of 0 to 0.5 (n = 12), to ensure that our findings were not driven by 

individuals who progressed in CDR scoring. Analyses were also repeated using dichotomous 

Aβ status as measures of Aβ burden. Results of analyses using alternate conditions are 

referred to in the Results, Discussion, or Supplementary Materials, when they differ from the 

main conditions. Histograms, residual-versus-predicted values and Q-Q-plots were inspected 

to test principal assumptions and the variance inflation factor (<5) was inspected for multi-

collinearity. Probability values were corrected for multiple comparisons using the 

Bonferroni method (max 15 models, p < 0.003).

RESULTS

Demographics

Participant demographics across the full sample and within race groups are shown in Table 

1. B/AA participants in comparison to W were younger (p = 0.05), had proportionally more 

women (p = 0.02), lower PiB DVR (p = 0.03), fewer years of education (p = 0.01), and 

lower executive function scores (p < 0.01). There were no race differences (p > 0.05) in 

MMSE scores, memory scores, the number of participants with CDR > 0 (B/AA, 1; W, 11), 

or the proportion of Aβ+ participants (B/AA, 21.7%; W, 33.1%).

B/AA participants have elevated FTP SUVR in CP and HC

In comparison to W, B/AA participants had elevated SUVR in the CP (β = −0.61, T-value = 

−3.62, p-value = 0.006; unadjusted mean difference = 0.57 SUVR). The ranges in CP SUVR 

for the two races were overlapping: B/AA, 0.87–4.18; W, 0.65–4.04. Individuals with high 

CP SUVR (SUVR>full sample mean) were found in both the B/AA (73.9%) and W (37.1%) 

groups (see Fig. 2).

B/AA participants had elevated unadjusted SUVR within the adjacent HC compared to W (β 
= −0.18, T-value = −3.90, p-value = 0.002; unadjusted mean difference = 0.12 SUVR). The 

ranges in unadjusted HC SUVR for the two races were overlapping: B/AA, 1.10–2.12; W, 

1.01–1.94. Individuals with high unadjusted HC SUVR (SUVR>full sample mean) were 

found in both the B/AA (60.9%) and W (41.1%) groups as was seen for CP SUVR.
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In contrast, no race effect was seen in the nonadjacent IT, ER, AM, or FF regions (p > 0.05, 

see Table 2). Also, no race difference was seen in the residual HC SUVR (p > 0.05; Fig. 2), 

which were used as outcome measure to better understand the extent to which the CP-HC 

association contributes to race differences in these regions.

Race differences in CP and unadjusted HC SUVR were consistent using pvc or non-pvc 

data. Results did not differ under alternate conditions of reference region, Aβ measurement 

scale, or exclusion of CDR > 0 individuals (see Table 2, non-pvc data; Supplementary Table 

1, cerebral white reference data).

CP FTP SUVR is associated with FTP SUVR in HC but no other regions

CP SUVR was positively associated with SUVR in the HC (p < 10−14) but not with SUVR 

in other ROIs (p > 0.05) (Table 3 and Fig. 3). There was no interaction effect of race by CP 

SUVR on SUVR in any of the selected regions (all interaction term ps > 0.39, >0.22 for pvc, 

non-pvc data respectively; data not shown) indicating that the association between CP 

SUVR and SUVR in the other ROIs (reflecting spill-in effect) was similar for B/AA and W 

participants.

We repeated these analyses using non-pvc data (Table 3). Results showed significant 

associations between CP SUVR and SUVR in the HC, AM, ER, FF, and IT (p < 0.05). On 

closer inspection of the data, the differences between pvc and non-pvc analyses were likely 

driven by cerebral white matter spill-in effects. First, adding cerebral white matter SUVR as 

covariate to the models showed that the association between the CP and ROIs was no longer 

significant, except for the HC (p < 10−14). Second, performing analyses using cerebral white 

matter reference data led to the findings consistent with pvc data (see Supplementary Table 

2).

Results of regional associations remained consistent regardless of Aβ measurement scale, or 

exclusion of CDR > 0 individuals.

CP FTP SUVR influences HC FTP SUVR association with memory

Shown in Table 4, residual HC SUVR was negatively associated with memory scores across 

Aβ+ participants (p = 0.025,0.027; pvc, non-pvc) but not across Aβ− participants (p > 1.0; 

both pvc and non-pvc). In contrast, unadjusted HC SUVR was not associated with memory 

scores in either Aβ+ or Aβ− participants (p > 0.13; both pvc and non-pvc). Across the entire 

sample, residual HC SUVR (pvc) was associated with memory (p = 0.028), while residual 

HC SUVR (non-pvc) (p = 0.027) did not survive multiple comparison correction (p = 0.11). 

Unadjusted HC SUVR was not associated with memory (p > 0.24; both pvc and non-pvc) 

across the entire sample. Both residual HC SUVR and unadjusted HC SUVR showed no 

association to executive function scores, in the Aβ+, Aβ− or entire sample (p > 1.0; both pvc 

and non-pvc). Associations with memory were consistent regardless of Aβ measurement 

scale, reference region (see Supplementary Table 3), or exclusion of CDR > 0 individuals.
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CP FTP SUVR influences HC FTP SUVR association with Aβ

Table 5 shows residual HC SUVR, unadjusted HC SUVR and CP SUVR tested for 

association with Aβ. Residual HC SUVR was associated with Aβ (p = 0.011,0.007; 

pvc,non-pvc), whereas unadjusted HC SUVR and CP SUVR were not related to Aβ (p > 

0.05 after multiple comparison correction; pvc and non-pvc). The interaction of Aβ by race 

on residual HC SUVR (pvc) (p = 0.022) did not survive multiple comparison correction (p > 

0.05). The interaction was not significant for residual HC SUVR (non-pvc) or unadjusted 

HC SUVR (pvc or non-pvc).

Shown in Supplementary Table 5, these findings differed when participants with CDR > 0 

were excluded. Both unadjusted and residual HC SUVR (pvc or non-pvc) were associated 

with Aβ, but these significances did not survive multiple comparisons correction (p > 0.05). 

The interaction of Aβ by race on residual HC SUVR (pvc or non-pvc) was significant even 

after correcting for multiple comparisons (p = 0.002,0.034; pvc, non-pvc). Specifically, the 

interaction showed a positive association between residual HC SUVR and Aβ that was 

stronger in B/AA than W.

Figure 4 compares the interaction of Aβ by race on unadjusted or residual HC SUVR, 

including or excluding CDR > 0 participants. Findings were consistent regardless of 

reference region (see Supplementary Tables 4 and 6), or Aβ measurement scale.

DISCUSSION

The aim of this study was to further understand the nature and impact of FTP binding in the 

CP. We investigated race differences in CP SUVR as an indication of possible off-target 

binding to melanin. Additionally, we examined the influence of CP SUVR on SUVR in 

surrounding regions to assess spill-in effects of the off-target binding. To understand the 

extent to which CP spill-in effects influence the HC, we evaluated whether the expected 

associations with memory and Aβ were observed using either unadjusted HC SUVR or 

residual HC SUVR corrected for CP signal.

Our results add three important findings to the current understanding of FTP binding 

behavior in older adults. First, we observed elevated CP SUVR in B/AA participants 

compared to W, which could potentially indicate off-target FTP binding to melanin. This 

interpretation is likely, considering that recent neuropathology studies [34, 35] have found 

no race differences in tau pathology, while FTP autoradiography studies have shown tracer 

binding to melanin present in the leptomeningeal, and skin melanocytes of healthy adults [6, 

8]. Second, we found that CP SUVR was associated with SUVR in the adjacent HC but not 

in non-adjacent regions, suggesting spill-in effects from the CP to the HC specifically. Third, 

by using a statistical method to reduce CP spill-in effects, we found that adjusted HC SUVR 

residuals followed the behavior expected of HC tau in three ways: 1) we found no group race 

differences in adjusted HC SUVR residuals; 2) we observed a stronger positive association 

between adjusted HC FTP and Aβ for B/AA than for W, something that was not observed 

when using the unadjusted HC FTP; and 3) adjusted HC SUVR residuals—and not 

unadjusted HC SUVR—were associated with memory performance.
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The observation of increased FTP SUVR in the CP of B/AA participants compared to W 

was a robust finding, controlling for age, Aβ, and demographic differences. Findings 

remained consistent between pvc and non-pvc data, choice of reference region (cerebellar 

gray or cerebral white), and using Aβ as continuous or dichotomous covariate. This finding 

suggests melanin as a possible FTP substrate in the CP, and agrees with our recent 

preliminary data from autoradiography studies [36].

It is important to note that high SUVR (SUVR>mean SUVR) in the CP was present in 

individuals from both race groups (see Fig. 2). This observation agrees with human 

physiology, since melanin is produced by melanocytes in the skin, meninges, and CP [13] in 

both B/AA and W individuals, but to a greater extent in B/AA individuals [37]. However, 

high CP SUVR in light-skinned individuals could also point to additional factors 

contributing to CP FTP signal, which may include both off-target binding (e.g., iron 

deposits, Biondi rings, calcifications/mineralizations, MAO-A) and on-target binding (as 

observed within CP epithelial cells by Ikonomovic and colleagues) [38].

Ultimately, autopsy studies are necessary to validate melanin as substrate for CP FTP 

binding. Furthermore, the findings of this in vivo study might be supported by future in vitro 
studies, such as examination of FTP binding in the meninges of albino and darkly pigmented 

rodents or in specific cell lines.

Interestingly, B/AA participants also had elevated SUVR in the HC (not in the AM, ER, FF, 

IT) compared to W participants. This HC race difference contrasts with the neuropathology 

studies that observed no race difference in the prevalence of neurofibrillary tangles in any 

brain regions including HC [34, 35, 39]. This inconsistency with neuropathology studies 

may suggest CP spill-in effects on the HC. Similarly, the lack of race difference seen in 

adjusted HC SUVR residuals supports the explanation of CP spill-in. Although, it is 

important to note that the method for residualizing HC SUVR is a statistical correction, 

therefore the residual HC SUVR may not fully reflect the interindividual biological 

variability in HC signal, and a lack of finding requires further examination.

In order to look more closely at the possibility of CP-HC spill-in effects, we examined the 

association between CP SUVR and SUVR in nearby regions. We found that CP SUVR had a 

strong relationship with HC SUVR. The presence of a CP-HC association was found across 

the entire sample and within both race groups, and there was no significant interaction of 

race by CP SUVR on HC SUVR. Therefore, CP influences HC signal in similar ways for 

both races but at different offsets. Other regions (IT, ER, FF, AM) were not related to CP 

SUVR, showing that CP off-target binding is specific to the nearby HC.

The extent to which CP spill-in can be corrected for by statistical approaches is highly 

important for the Alzheimer’s disease research field given the connection HC tau has with 

memory decline and Aβ. Partial volume corrected HC SUVR differed by race (Black/AA 

participants had elevated HC SUVR), and was highly associated with CP signal. These 

findings indicate that partial volume correction (GTM method) is not sufficient for reducing 

CP spill-in.
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We now show that using residual HC SUVR seems to be at least to some extent successful in 

removing the impact of CP spill-in. To begin, the residual HC SUVR did not differ by race, 

and was no longer associated with CP SUVR. The lack of race difference or association with 

CP SUVR is suggestive of the residual method’s ability to attenuate CP spill-in. In addition, 

residual HC SUVR (but not unadjusted HC SUVR) was positively associated with Aβ.

Furthermore, there was an apparent race difference in the association between residual HC 

SUVR and Aβ, when excluding CDR > 0 participants. Of note, though the inclusion/

exclusion of CDR > 0 participants did not impact other analyses, CDR likely impacted this 

analysis as individuals with higher CDR-scores are more likely to have a higher Aβ burden 

(see Fig. 4). The significant interaction provides strong evidence that this approach to 

correcting HC signal improves spill-in from the CP. A recent population study of non-

demented individuals showed a two-fold increase in Aβ burden rates of B/AA compared to 

W [40]. Also, increasing levels of HC tau burden are in accordance with at least Braak stage 

III tau pathology [41], when Aβ burden is also expected to rise. Thus, the positive 

association between residual HC SUVR and Aβ becomes more apparent when using this 

method validates this approach.

In addition, we observed that residual HC SUVR were inversely related to memory scores in 

high Aβ participants, whereas this relationship did not exist for low Aβ participants and at 

trend-level across the entire sample. The fact that we did not observe these relationships for 

the unadjusted HC SUVR and the non-pvc data, further stresses that removing spill-in 

effects through these methods should be further explored. Notably, residual HC SUVR 

showed no relationship to executive functioning in the Aβ−, Aβ+ or entire sample. The fact 

that the residual HC SUVR-memory relationship was specific to Aβ+ individuals, and 

specific to tests of memory over executive functioning, indicates that the method reduces the 

noise from spill-in effects to observe expected relationships in our population.

A limitation to this study may be the moderate sample size of the B/AA group. However, the 

percentage B/AA individuals compared to W are proportional to the national race 

demographics (2010 U.S. Census Data). The proportion of females was larger in B/AA 

compared to W individuals. Therefore, we could not assess differences between males and 

females, but in all our regression models, sex was not a significant covariate. In addition, 

while group differences were observed using an indirect measure of melanin, more sensitive 

and objective measures of melanin levels than the proxy of self-reported race will empower 

future studies to detect subtle relationships in small cohorts [42]. Furthermore, it is 

important to note that the presence of melanin appears to be a partial source of off-target 

binding in the CP or underlying these race differences.

In summary, these findings support the idea that signal spill-in from the CP impacts HC FTP 

measurements, sensitivity to detect associations between HC FTP and memory and to detect 

race differences in the association between Aβ burden and tau pathology. These observations 

add complexity to correctly interpreting the HC signal in older individuals, and caution is 

warranted when investigating this region in FTP images.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
(A) Sagittal, coronal, and axial perspectives (left to right) of the FreeSurfer segmentation of 

a randomly chosen participant showing the anatomy of select ROI: CP (red), HC (blue), AM 

(gold), ER (green), FF (lavender), IT (violet). (B) Co-registered MR-PET SUVR image 

(scale range: 1.0–2.0; pvc data) of a Black/AA (Female, 71 years old; top row) and White 

participant (Female, 71 years old; bottom row).
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Fig. 2. 
Regional FTP SUVR comparisons between race groups. FTP SUVR (pvc; with PiB DVR, 

age, sex, and education regressed out) is presented for the Black/AA (n = 23, blue) and 

White (n = 124, red) race groups. Significant differences (p < 0.05) between races are noted 

by the asterisks. Elevated FTP measurements are observed in the CP and HC, but not the HC 

residuals or other ROIs. CP, choroid plexus; HC, hippocampus; HC res, residualized 

hippocampus; AM, amygdala; ER, entorhinal; FF, fusiform; IT, inferior temporal.
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Fig. 3. 
Regional FTP associations. Linear regressions models (covarying PiB DVR, age, sex, and 

education) across the combined race sample (N = 147) show the associations between CP 

FTP SUVR and FTP SUVR in the HC (red), AM (green), ER (violet), FF (black) and IT 

(blue), using GTM-corrected data. Shading represents 95% confidence intervals. The 

asterisk denotes the only significant association (p < 0.05), between the CP and HC FTP 

SUVR. Similar associations were observed between B/AA and W individuals (no significant 

interaction).

Lee et al. Page 15

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
Association between residual HC SUVR and Aβ status differs by race. Plots A-D show 

unadjusted HC SUVR (A, C) or residual HC SUVR (B, D), either with (A-B) or without (C-

D) the inclusion of CDR > 0 participants. Linear regressions models (covarying age, sex, 

and education) within B/AA (blue line) and W (red line) race groups show interaction of Aβ 
by race on HC signal. Interaction reached significance using residual HC SUVR (∗p = 

0.002). PVC data is shown, values represent estimated marginal means corrected for 

covariates. Shading represents 95% confidence intervals.

Lee et al. Page 16

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.

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

Lee et al. Page 17

Ta
b

le
 1

D
em

og
ra

ph
ic

 a
nd

 c
og

ni
tiv

e 
ch

ar
ac

te
ri

st
ic

s 
of

 p
ar

tic
ip

an
ts

 s
el

f-
id

en
tif

ie
d 

as
 B

la
ck

/A
A

 o
r 

W
hi

te

To
ta

l
M

ea
n 

(S
D

) 
or

 N
,%

B
la

ck
/A

A
M

ea
n 

(S
D

) 
or

 N
,%

W
hi

te
M

ea
n 

(S
D

) 
or

 N
,%

t t
es

t
χ

2
p 

va
lu

e

N
14

7
23

12
4

—
—

Se
x

87
F,

 5
9.

2%
19

F,
 8

2.
6%

68
F,

 5
4.

8%
  5

.0
97

0.
02

4

A
ge

 (
y)

75
.9

 (
6.

9)
73

.1
 (

7.
1)

76
.5

 (
6.

8)
−

2.
07

6
0.

04
7

Pi
B

 D
V

R
1.

21
 (

0.
22

)
1.

14
 (

0.
14

)
1.

22
 (

0.
24

)
−

2.
31

6
0.

02
5

A
β 

st
at

us
46

 A
β+

, 3
1.

3%
5 

A
β+

, 2
1.

7%
41

 A
β+

, 3
3.

1%
  0

.6
91

0.
40

6

E
du

ca
tio

n 
(y

)
15

.9
 (

2.
9)

14
.4

 (
2.

7)
16

.1
 (

2.
9)

−
2.

69
9

0.
01

1

M
M

SE
29

.2
 (

0.
97

)
29

.0
 (

1.
07

)
29

.2
 (

0.
96

)
−

1.
16

5
0.

25
4

C
D

R
 S

um
 o

f 
B

ox
es

0.
19

 (
0.

35
)

0.
20

 (
0.

29
)

0.
19

 (
0.

36
)

  0
.0

31
0.

97
6

(C
D

R
 =

 0
.5

: N
, %

)
12

, 8
.2

%
1,

 4
.3

%
11

, 8
.9

%
−

0.
89

6
0.

37
5

C
om

po
si

te
 M

em
or

y
0.

31
 (

0.
93

);
 3

 m
is

si
ng

0.
33

 (
0.

89
)

(0
.3

1 
(0

.9
5)

; 3
 m

is
si

ng
  0

.1
30

0.
89

7

C
om

po
si

te
 E

xe
cu

tiv
e

0.
16

 (
0.

73
);

 3
 m

is
si

ng
−

0.
33

 (
0.

77
)

0.
25

 (
0.

69
);

 3
 m

is
si

ng
−

3.
46

2
0.

00
2

A
A

, A
fr

ic
an

 A
m

er
ic

an
; A

β,
 a

m
yl

oi
d-

β;
 C

D
R

, C
lin

ic
al

 D
em

en
tia

 R
at

in
g;

 M
M

SE
, M

in
i-

M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n;
 P

iB
 D

V
R

, 1
1C

-P
itt

sb
ur

g 
C

om
po

un
d 

B
 D

is
tr

ib
ut

io
n 

V
ol

um
e 

R
at

io
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n.
 N

O
T

E
: C

hi
-s

qu
ar

e 
(o

r 
Fi

sh
er

) 
te

st
s 

w
er

e 
us

ed
 to

 te
st

 g
ro

up
 d

if
fe

re
nc

es
 o

n 
ca

te
go

ri
ca

l v
ar

ia
bl

es
; i

nd
ep

en
de

nt
 t 

te
st

s 
w

er
e 

us
ed

 to
 c

al
cu

la
te

 g
ro

up
 d

if
fe

re
nc

es
 o

n 
co

nt
in

uo
us

 v
ar

ia
bl

es
. A

ll 
in

di
vi

du
al

s 
re

ce
iv

ed
 C

D
R

 0
 a

t s
tu

dy
 b

as
el

in
e.

 T
he

 p
ro

po
rt

io
n 

of
 C

D
R

 0
.5

 r
ef

le
ct

s 
th

e 
nu

m
be

r 
of

 in
di

vi
du

al
s 

w
ho

 r
ec

ei
ve

d 
C

D
R

 0
.5

 a
t t

he
 ti

m
e 

of
 P

E
T.

 B
ol

d 
va

lu
es

 in
di

ca
te

 s
ig

ni
fi

ca
nt

 g
ro

up
 d

if
fe

re
nc

es
 (

p 
<

 
0.

05
).

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 18

Ta
b

le
 2

R
ac

e 
di

ff
er

en
ce

s 
in

 r
eg

io
na

l F
T

P 
m

ea
su

re
m

en
ts

E
st

im
at

e
SE

t v
al

ue
p 

va
lu

e
A

dj
. p

(1
4 

te
st

s)

SU
V

R
 (p

vc
)

C
P

−
0.

60
6

0.
16

8
−

3.
61

9
<

10
−

3
0.

00
6

H
C

−
0.

18
2

0.
04

7
−

3.
90

2
<

10
−

3
0.

00
2

H
C

 r
es

id
ua

ls
−

0.
06

0
0.

03
6

−
1.

64
8

0.
10

2
>

1.
00

0

A
M

−
0.

00
1

0.
05

0
−

0.
01

1
0.

99
1

>
1.

00
0

E
R

−
0.

11
9

0.
06

4
−

1.
87

6
0.

06
3

0.
87

8

FF
−

0.
07

7
0.

03
9

−
1.

98
6

0.
04

9
0.

68
6

IT
−

0.
06

2
0.

03
9

−
1.

57
8

0.
11

7
>

1.
00

0

SU
V

R
 (n

on
-p

vc
)

C
P

−
0.

19
4

0.
05

6
−

3.
44

2
0.

00
1

0.
01

1

H
C

−
0.

10
6

0.
03

3
−

3.
21

5
0.

00
2

0.
02

3

H
C

 r
es

id
ua

ls
−

0.
02

0
0.

02
2

−
0.

89
0

0.
37

5
>

1.
00

0

A
M

−
0.

02
6

0.
02

7
−

0.
94

5
0.

34
6

>
1.

00
0

E
R

−
0.

04
4

0.
02

6
−

1.
71

9
0.

08
8

>
1.

00
0

FF
−

0.
02

5
0.

01
9

−
1.

33
0

0.
18

6
>

1.
00

0

IT
−

0.
02

0
0.

02
0

−
0.

98
6

0.
32

6
>

1.
00

0

C
P,

 c
ho

ro
id

 p
le

xu
s;

 H
C

, h
ip

po
ca

m
pu

s;
 H

C
 r

es
id

ua
ls

, h
ip

po
ca

m
pu

s 
re

si
du

al
iz

ed
 f

or
 C

P 
si

gn
al

; A
M

, a
m

yg
da

la
; E

R
, e

nt
or

hi
na

l; 
FF

, f
us

if
or

m
; I

T,
 in

fe
ri

or
 te

m
po

ra
l; 

SE
, s

ta
nd

ar
d 

er
ro

r;
 A

dj
. p

, p
 v

al
ue

s 
ad

ju
st

ed
 f

or
 m

ul
tip

le
 c

om
pa

ri
so

n 
us

in
g 

th
e 

B
on

fe
rr

on
i m

et
ho

d;
 S

U
V

R
, s

ta
nd

ar
di

ze
d 

up
ta

ke
 v

al
ue

 r
at

io
; p

vc
, p

ar
tia

l v
ol

um
e 

co
rr

ec
tio

n 
us

in
g 

ge
om

et
ri

c 
tr

an
sf

er
 m

at
ri

x 
m

et
ho

d.
 N

O
T

E
: C

er
eb

el
la

r 
co

rt
ex

 w
as

 
us

ed
 a

s 
re

fe
re

nc
e 

fo
r 

SU
V

R
 s

ho
w

n.
 S

ep
ar

at
e 

m
ul

tip
le

 li
ne

ar
 r

eg
re

ss
io

n 
m

od
el

s 
w

er
e 

ru
n 

fo
r 

ea
ch

 r
eg

io
n,

 a
ll 

m
od

el
s 

co
va

ry
in

g 
fo

r 
ag

e,
 s

ex
, P

iB
 D

V
R

, a
nd

 e
du

ca
tio

n.
 B

ol
d 

va
lu

es
 in

di
ca

te
 s

ig
ni

fi
ca

nt
 r

ac
e 

di
ff

er
en

ce
s 

in
 F

T
P 

m
ea

su
re

m
en

ts
 (

p 
<

 0
.0

5)
.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 19

Ta
b

le
 3

C
P 

FT
P 

SU
V

R
 a

ss
oc

ia
te

d 
w

ith
 S

U
V

R
 in

 n
ea

rb
y 

R
O

I

E
st

im
at

e
SE

t v
al

ue
p 

va
lu

e
A

dj
. p

(1
5 

te
st

s)

SU
V

R
 (p

vc
)

H
C

0.
17

7
0.

01
8

9.
76

0
<

10
−

15
<

10
−

14

A
M

−
0.

01
2

0.
02

5
−

0.
46

5
0.

64
3

>
1.

00
0

E
R

0.
02

1
0.

03
2

0.
66

7
0.

50
6

>
1.

00
0

FF
0.

01
9

0.
01

9
1.

00
1

0.
31

9
>

1.
00

0

IT
0.

02
0

0.
02

0
1.

03
2

0.
30

4
>

1.
00

0

SU
V

R
 (n

on
-p

vc
)

H
C

0.
43

9
0.

03
3

13
.3

46
<

10
−

15
<

10
−

14

A
M

0.
16

3
0.

03
9

4.
19

3
<

10
−

4
0.

00
1

E
R

0.
11

1
0.

03
8

2.
95

0
0.

00
4

0.
05

6

FF
0.

08
4

0.
02

7
3.

11
1

0.
00

2
0.

03
4

IT
0.

07
8

0.
02

9
2.

68
5

0.
00

8
0.

12
2

SU
V

R
 (n

on
-p

vc
, c

ov
ar

yi
ng

 c
er

eb
ra

l W
M

 S
U

V
R

)

H
C

0.
35

0
0.

03
2

10
.9

37
<

10
−

15
<

10
−

14

A
M

0.
04

1
0.

03
6

1.
15

5
0.

25
0

>
1.

00
0

E
R

0.
02

1
0.

03
8

0.
55

2
0.

58
2

>
1.

00
0

FF
−

0.
01

3
0.

02
3

−
0.

55
8

0.
57

8
>

1.
00

0

IT
−

0.
02

0
0.

02
6

0.
79

2
0.

43
0

>
1.

00
0

C
P,

 c
ho

ro
id

 p
le

xu
s;

 H
C

, h
ip

po
ca

m
pu

s;
 H

C
 r

es
id

ua
ls

, r
es

id
ua

liz
ed

 h
ip

po
ca

m
pu

s;
 A

M
, a

m
yg

da
la

; E
R

, e
nt

or
hi

na
l; 

FF
, f

us
if

or
m

; I
T,

 in
fe

ri
or

 te
m

po
ra

l; 
SE

, s
ta

nd
ar

d 
er

ro
r;

 A
dj

. p
, p

 v
al

ue
s 

ad
ju

st
ed

 f
or

 m
ul

tip
le

 
co

m
pa

ri
so

n 
us

in
g 

th
e 

B
on

fe
rr

on
i m

et
ho

d;
 S

U
V

R
, s

ta
nd

ar
di

ze
d 

up
ta

ke
 v

al
ue

 r
at

io
; p

vc
, p

ar
tia

l v
ol

um
e 

co
rr

ec
tio

n 
us

in
g 

ge
om

et
ri

c 
tr

an
sf

er
 m

at
ri

x 
m

et
ho

d;
 W

M
, w

hi
te

 m
at

te
r. 

N
O

T
E

: C
er

eb
el

la
r 

co
rt

ex
 w

as
 

us
ed

 a
s 

re
fe

re
nc

e 
fo

r 
al

l S
U

V
R

 s
ho

w
n.

 S
ep

ar
at

e 
m

ul
tip

le
 li

ne
ar

 r
eg

re
ss

io
n 

m
od

el
s 

w
er

e 
ru

n 
fo

r 
ea

ch
 r

eg
io

n,
 a

ll 
m

od
el

s 
co

va
ry

in
g 

fo
r 

ra
ce

, a
ge

, s
ex

, P
iB

 D
V

R
, a

nd
 e

du
ca

tio
n.

 B
ol

d 
va

lu
es

 in
di

ca
te

 s
ig

ni
fi

ca
nt

 
as

so
ci

at
io

n 
be

tw
ee

n 
FT

P 
m

ea
su

re
m

en
ts

 in
 th

e 
C

P 
an

d 
ne

ar
by

 R
O

I 
(p

 <
 0

.0
5)

.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 20

Ta
b

le
 4

C
og

ni
tiv

e 
m

ea
su

re
s 

as
so

ci
at

ed
 w

ith
 u

na
dj

us
te

d 
or

 r
es

id
ua

l H
C

 S
U

V
R

Sa
m

pl
e

D
at

a 
ty

pe
P

re
di

ct
or

E
st

im
at

e
SE

t v
al

ue
p 

va
lu

e
A

dj
. p

 v
al

ue
(4

 t
es

ts
)

M
em

or
y 

fa
ct

or
 s

co
re

 a
s 

ou
tc

om
e 

va
ri

ab
le

A
ll(

N
 =

 1
47

)
pv

c
H

C
 S

U
V

R
−

0.
67

7
0.

35
9

−
1.

88
7

0.
06

1
0.

24
5

H
C

 S
U

V
R

 r
es

id
ua

ls
−

1.
23

7
0.

45
1

−
2.

74
1

0.
00

7
0.

02
8

no
n-

pv
c

H
C

 S
U

V
R

−
0.

49
6

0.
51

7
−

0.
96

0
0.

33
9

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

1.
69

6
0.

75
9

−
2.

23
4

0.
02

7
0.

10
8

A
β+

 (
n 

=
 4

6)
pv

c
H

C
 S

U
V

R
−

1.
32

4
0.

60
0

−
2.

20
8

0.
03

3
0.

13
3

H
C

 S
U

V
R

 r
es

id
ua

ls
−

2.
05

4
0.

71
0

−
2.

89
4

0.
00

6
0.

02
5

no
n-

pv
c

H
C

 S
U

V
R

−
1.

45
0

0.
87

4
−

1.
65

9
0.

10
5

0.
42

1

H
C

 S
U

V
R

 r
es

id
ua

ls
−

3.
21

8
1.

12
1

−
2.

87
0

0.
00

7
0.

02
7

A
β−

 (
n 

=
 1

01
)

pv
c

H
C

 S
U

V
R

0.
01

8
0.

44
0

0.
04

2
0.

96
7

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
05

1
0.

63
6

−
0.

08
0

0.
93

7
>

1.
00

0

no
n-

pv
c

H
C

 S
U

V
R

0.
36

5
0.

61
0

0.
59

9
0.

55
1

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
0.

91
7

1.
04

9
0.

87
4

0.
38

4
>

1.
00

0

E
xe

cu
tiv

e 
fa

ct
or

 s
co

re
 a

s 
ou

tc
om

e 
va

ri
ab

le

A
ll(

N
 =

 1
47

)
pv

c
H

C
 S

U
V

R
−

0.
01

9
0.

26
9

−
0.

06
9

0.
94

5
>

1.
00

0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
21

9
0.

34
2

−
0.

64
1

0.
52

2
>

1.
00

1

no
n-

pv
c

H
C

 S
U

V
R

−
0.

01
1

0.
38

3
−

0.
02

9
0.

97
7

>
1.

00
2

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
60

3
0.

56
9

−
1.

06
0

0.
29

1
>

1.
00

3

A
β+

 (
n 

=
 4

6)
pv

c
H

C
 S

U
V

R
−

0.
17

6
0.

48
3

−
0.

36
5

0.
71

7
>

1.
00

0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
32

7
0.

59
3

−
0.

55
2

0.
58

4
>

1.
00

0

no
n-

pv
c

H
C

 S
U

V
R

−
0.

32
6

0.
68

5
−

0.
47

5
0.

63
7

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
93

7
0.

92
7

−
1.

01
1

0.
31

9
>

1.
00

0

A
β−

 (
n 

=
 1

01
)

pv
c

H
C

 S
U

V
R

0.
01

8
0.

35
8

0.
05

1
0.

95
9

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
38

5
0.

51
6

−
0.

74
7

0.
45

7
>

1.
00

0

no
n-

pv
c

H
C

 S
U

V
R

0.
13

3
0.

49
7

0.
26

8
0.

78
9

>
1.

00
0

H
C

 S
U

V
R

 r
es

id
ua

ls
−

0.
62

2
0.

85
4

−
0.

72
9

0.
46

8
>

1.
00

0

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 21
A
β+

/−
, e

le
va

te
d/

lo
w

 a
m

yl
oi

d-
β 

gr
ou

ps
; A

dj
. p

, p
 v

al
ue

s 
ad

ju
st

ed
 f

or
 m

ul
tip

le
 c

om
pa

ri
so

n 
us

in
g 

th
e 

B
on

fe
rr

on
i m

et
ho

d;
 H

C
, h

ip
po

ca
m

pu
s;

 p
vc

, p
ar

tia
l v

ol
um

e 
co

rr
ec

tio
n 

us
in

g 
ge

om
et

ri
c 

tr
an

sf
er

 m
at

ri
x 

m
et

ho
d;

 S
E

, s
ta

nd
ar

d 
er

ro
r;

 S
U

V
R

, s
ta

nd
ar

di
ze

d 
up

ta
ke

 v
al

ue
 r

at
io

. N
O

T
E

: C
er

eb
el

la
r 

co
rt

ex
 w

as
 u

se
d 

as
 r

ef
er

en
ce

 f
or

 a
ll 

SU
V

R
 s

ho
w

n.
 S

ep
ar

at
e 

m
ul

tip
le

 li
ne

ar
 r

eg
re

ss
io

n 
m

od
el

s 
w

er
e 

ru
n.

 A
ll 

m
od

el
s 

co
va

ry
in

g 
fo

r 
ra

ce
, a

ge
, s

ex
, a

nd
 e

du
ca

tio
n.

 B
ol

d 
va

lu
es

 in
di

ca
te

 s
ig

ni
fi

ca
nt

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

FT
P 

m
ea

su
re

m
en

ts
 in

 th
e 

C
P 

an
d 

ne
ar

by
 R

O
I 

(p
 <

 0
.0

5)
.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 22

Ta
b

le
 5

In
fl

ue
nc

e 
of

 R
ac

e 
on

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

FT
P 

SU
V

R
 a

nd
 a

m
yl

oi
d

D
at

a 
ty

pe
P

re
di

ct
or

E
st

im
at

e
SE

t v
al

ue
p 

va
lu

e
A

dj
. p

 v
al

ue
(1

0 
te

st
s)

C
P 

SU
V

R

pv
c

Pi
B

 D
V

R
0.

03
0

0.
26

1
0.

11
4

0.
91

0
>

1.
00

0

no
n-

pv
c

Pi
B

 D
V

R
0.

00
4

0.
08

8
0.

04
6

0.
96

3
>

1.
00

0

H
C

 S
U

V
R

pv
c

Pi
B

 D
V

R
0.

19
4

0.
07

3
2.

67
1

0.
00

8
0.

08
5

no
n-

pv
c

Pi
B

 D
V

R
0.

12
0

0.
05

1
2.

33
1

0.
02

1
0.

21
2

re
si

du
al

 H
C

 S
U

V
R

pv
c

Pi
B

 D
V

R
0.

18
8

0.
05

6
3.

33
5

0.
00

1
0.

01
1

no
n-

pv
c

Pi
B

 D
V

R
0.

11
8

0.
03

4
3.

45
9

0.
00

1
0.

00
7

H
C

 S
U

V
R

pv
c

Pi
B

 D
V

R
 *

 R
ac

e
−

0.
20

4
0.

30
1

−
0.

67
7

0.
49

9
>

1.
00

0

no
n-

pv
c

Pi
B

 D
V

R
 *

 R
ac

e
0.

11
4

0.
21

3
0.

53
6

0.
59

3
>

1.
00

0

re
si

du
al

 H
C

 S
U

V
R

pv
c

Pi
B

 D
V

R
 *

 R
ac

e
−

0.
53

2
0.

23
0

−
2.

31
7

0.
02

2
0.

21
9

no
n-

pv
c

Pi
B

 D
V

R
 *

 R
ac

e
−

0.
17

6
0.

14
1

−
1.

24
8

0.
21

4
>

1.
00

0

A
dj

. p
, p

 v
al

ue
s 

ad
ju

st
ed

 f
or

 m
ul

tip
le

 c
om

pa
ri

so
n 

us
in

g 
th

e 
B

on
fe

rr
on

i m
et

ho
d;

 C
P,

 c
ho

ro
id

 p
le

xu
s;

 H
C

, h
ip

-p
oc

am
pu

s;
 P

iB
 D

V
R

, 1
1C

-P
itt

sb
ur

g 
C

om
po

un
d 

B
 D

is
tr

ib
ut

io
n 

V
ol

um
e 

R
at

io
; p

vc
, p

ar
tia

l 
vo

lu
m

e 
co

rr
ec

tio
n 

us
in

g 
ge

om
et

ri
c 

tr
an

sf
er

 m
at

ri
x 

m
et

ho
d;

 S
E

, s
ta

nd
ar

d 
er

ro
r;

 S
U

V
R

, s
ta

nd
ar

di
ze

d 
up

ta
ke

 v
al

ue
 r

at
io

. N
O

T
E

: C
D

R
 >

 0
 p

ar
tic

ip
an

ts
 w

er
e 

in
cl

ud
ed

 in
 th

e 
sa

m
pl

e 
us

ed
 h

er
e 

(N
 =

 1
47

).
 

C
er

eb
el

la
r 

co
rt

ex
 w

as
 u

se
d 

as
 r

ef
er

en
ce

 f
or

 a
ll 

SU
V

R
 s

ho
w

n.
 S

ep
ar

at
e 

m
ul

tip
le

 li
ne

ar
 r

eg
re

ss
io

n 
m

od
el

s 
w

er
e 

ru
n.

 A
ll 

m
od

el
s 

co
va

ry
in

g 
fo

r 
ra

ce
, a

ge
, s

ex
, a

nd
 e

du
ca

tio
n.

 B
ol

d 
va

lu
es

 in
di

ca
te

 s
ig

ni
fi

ca
nt

 
as

so
ci

at
io

n 
be

tw
ee

n 
FT

P 
m

ea
su

re
m

en
ts

 in
 th

e 
C

P 
an

d 
ne

ar
by

 R
O

I 
(p

 <
 0

.0
5)

.

J Alzheimers Dis. Author manuscript; available in PMC 2018 May 17.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Participants
	Image acquisition and processing
	Cognitive performance
	Statistical analyses

	RESULTS
	Demographics
	B/AA participants have elevated FTP SUVR in CP and HC
	CP FTP SUVR is associated with FTP SUVR in HC but no other regions
	CP FTP SUVR influences HC FTP SUVR association with memory
	CP FTP SUVR influences HC FTP SUVR association with Aβ

	DISCUSSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

