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The extent to which Alzheimer neuropathology, particulgrthe accumulation of misfolded
beta-amyloid, contributes to cognitive decline and demeria in Parkinson's disease (PD)
is unresolved. Here, we used Florbetaben PET imaging to tedr any association

between cerebral amyloid deposition and cognitive impairent in PD, in a sample
enriched for cases with mild cognitive impairment. This cs-sectional study used

Movement Disorders Society level |l criteria to classify Blparticipants with PD as having
normal cognition (PDNn D 23), mild cognitive impairment (PD-MCin D 76), or dementia

(PDD, n D 16). We acquired 18F-Florbetaben (FBB) amyloid PET and strural MRI.

Amyloid deposition was assessed between the three cognitergroups, and also across

the whole sample using continuous measures of both global cgnitive status and average
performance in memory domain tests. Outcomes were corticaFBB uptake, expressed

in centiloids and as standardized uptake value ratios (SUVRising the Centiloid Project
whole cerebellum region as a reference, and regional SUVR rasurements. FBB binding

was higher in PDD, but this difference did not survive adjustent for the older age of the

PDD group. We established a suitable centiloid cut-off formyloid positivity in Parkinson's
disease (31.3), but there was no association of FBB binding ith global cognitive or

memory scores. The failure to nd an association between PEBmyloid deposition and

cognitive impairment in a moderately large sample, partidarly given that it was enriched
with PD-MCI patients at risk of dementia, suggests that amypid pathology is not the

primary driver of cognitive impairment and dementia in mogtatients with PD.

Keywords: Parkinson's disease, amyloid PET, Florbetaben, d  ementia, centiloid, mild cognitive impairment
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INTRODUCTION centers, analysis methods, amyloid ligands (incorporatit@r

and 18F-based ligands), and diseas®s§, (34). This is achieved
Motor impairment is the cardinal feature of early Parkinson'spy appling a linear scaling to amyloid PET data to an average
disease (PD), but progressive cognitive impairment and dei@en value of zero in high-certainty amyloid-negative subjeetsd
(PDD) eventually become major debilitating symptoms forto an average of 100 in typical AD subject33)( In this
patients (). PDD arises in over 80% of patientg)(leading to  rst application of centiloid standardization in PD, we (1)
substantial caregiver and nancial burden, reduced qualftife,  jnvestigated the relationship between amyloid depositiod a
early institutionalization and premature deatB)( Progression cognitive impairment in a group of well-characterized PD
to PDD involves a complex, multisystem brain degeneratiorparticipants representative of the broad cognitive spectrumd, a

(1, 4). Alzheimers disease (AD) neuropathology, including(2) established the distribution of centiloid values acrtss
misfolded beta-amyloid (B), may in uence the emergence of cognitive spectrum in PD.

PDD by acting synergistically witla-synucleinopathy 4-8).
Neuropathological investigations ofbAsuggest an association MATERIALS AND METHODS
with cognitive impairment and increased deposition in PDD,
at least in a subset of patients4, (5, 9-11). Similarly, as part of an ongoing longitudinal study, a convenience
mcrea_sed copcentrat!qns ofAn cerebrosplnal uid _hQVE been sample of 118 PD participants meeting the UK Parkinson's
associated with cognitive dysfunction and dementia in B2 pisease Society's criteria for idiopathic PBE( was recruited
16), although some studies have not found this relationshiyom yolunteers at the Movement Disorders Clinic at the
(17, 18). While both neuropathological and CSF markersney zealand Brain Research Institute, Christchurch, New
suggest an association with cognitive decline, the cerebrgaqiang. We invited people representative of the broad
deposition of amyloid is, however, not ubiquitous and theghectruym of cognitive status in PD to participate, i.e.,
neuropathology underlying the development of PDD remaingrom normal cognition to dementia, although we particularly
heterogeneouslg-21). o _ encouraged participation from individuals with PD-MCI.
In vivo imaging ofa-synuclein is currently not possible, but gycjysion criteria included atypical Parkinsonian disorders
positron emission tomography (PET) imaging allowsiarvivo  hrior jearning disability; previous history of other neurgjical
test of an association between amyloid deposits and cognitio,gngitions including moderate-severe head injury, stroke,
in PD (22, 23). Amyloid PET imaging, however, has produced, ascylar dementia; and major psychiatric or medical illiesse
conicting results in PD, especially with respect to cogmtiv peyious 6 months. Neuroradiological screening (RIK) excluded
decline. Gomperts and colleaguex)) found no dierence in 4 participants with multifocal infarcts and one in whom patt o
amyloid accumulation in the precuneus between a group ofe polus injection extravasated into the soft tissue. iBiants
PD patients with mild cognitive impairment (PD-MCI) and ¢ompleted a neuropsychological battery, MRI scanning session,
cognmvel'y normal patients at ba}sellne, putthe b.a.sellneepn!ee and ['8F] Florbetaben (FBB) PET imaging. All participants
of amyloid was weakly associated with cognitive decline agaye written informed consent, with additional consent from a
average of 2.5 years later, suggesting that amyloid may @& b gjgni cant other when appropriate. The study was approved by

marker of future rather than current cognitive status in PD.he regional Ethics Committee of the New Zealand Ministry of
While Fiorenzato et al.Z4), suggest a modest association withyyggjtn (No. URB/09/08/037).

cognitive decline, othein vivo amyloid imaging studies suggest

that amyloid deposition may occur in only a minority of PD Dijagnostic Criteria and Assessment

patients, even in PDDAZ, 25-31). However, these previous PET Comprehensive  neuropsychological assessment  ful lling
studies have used relatively small samples and the robustiies the Movement Disorders Society (MDS) Task Force Level
their ndings may be compromised by low statistical powerkiac || criteria was used to diagnose PD-MCI3Z 36). Five

of thorough cognitive characterization, or not accountfogage.  cognitive domains were examined (executive function i,

We therefore investigated the relationship between ardy'Oiworking memory and processing speed; learning and memory;
deposition and cognitive impairment in PD using'®F]  visuospatialivisuoperceptual function; and language; see
Florbetaben (FBB) PET imaging in a large, cognitively wellsypplementary Table 1for a list of the specic tests)30).
characterized group of PD participants that included caséls wi within each cognitive domain, standardized scores from
normal cognition (PDN), mild cognitive impairment (PD-MCI) the constituent neuropsychological tests were averaged to
and dementia (PDD). Patients meeting PD-MCI criteria are ajprovide individual cognitive domain scores; global cogrmitiv
a 7-fold higher risk of conversion to PDD over a 4-year periodherformance for each participant was expressed as an aggregate
compared to patients who do not meet these critefid(Thus, z score obtained by averaging four domain scores (language
the sample was enriched by recruiting a large proportion of PDdomain excluded). PD-MCI cases had unimpaired functional
MCI patients; this is a group in whom intervention to prevent activities of daily living, as veri ed by interview with agsii cant
progression to dementia is particularly pertinent. other, and scored 1.5 SD or more below normative data on

Since previous studies have su ered from inconsistent andt |east two measures within at least one of the ve cognitive
variable standardization procedures, we used centiloidirgFa domains @2). Dementia was de ned using MDS criteria as
in the present investigation. The centiloid scale facilsad&ect signi cant cognitive impairments (2 SD below normative
comparison of amyloid deposition across dierent imagingdata) in at least two of ve cognitive domains, plus evidence
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of signicant impairment in everyday functional activities in Matlab 9.0.0 (R2016a), was used to process T1-weighted
not attributed to motor impairments 7). Participants also structural images. Images were bias corrected, spatially
completed the Montreal Cognitive assessment (MoCA). Alhormalized via DARTEL (using the MNI-registered template
assessments and scans were performed with no disruption fwrovided within CAT12), modulated to compensate for the e ect
participants' usual medication regimen. PD participants weref spatial normalization, and classi ed into gray matter (GM),
classi ed as either cognitively normal (PDN,D 23), with mild  white matter (WM), and cerebrospinal uid (CSF), all withine¢h
cognitive impairment (PD-MCI;n D 76), or with dementia same generative model().
(PDD;n D 16). Assessors were blinded to amyloid status.

PET Data
PET Acquisition FBB PET images were coregistered to each person's T1-weighted
[18F] Florbetaben (FBB) was manufactured in Melbournejmage and warped into MNI space using the MRI-derived
Australia, by Cyclotek Pty Ltd, and transported by air freigh  deformation elds. We then created a standardized uptakeevalu
Christchurch, New Zealand, with su cient radioactivity fohree  ratio (SUVR) image in each individual by scaling to the mean
participant doses, despite the passage of three half-livegisitra radioactivity in the Centiloid project whole cerebellum nefece
After receiving an intravenous injection of 300 MBg20% FBB, region of interest. Mean cortical SUVR was extracted from the
participants were scanned in “list mode” on a GE Discovenstandard centiloid cortical region. Lastly, SUVR imagesewer
690 PET/CT scanner, 90-110 min after injection. Images wergmoothed using an 8 mm isotropic Gaussian kernel for whole-
reconstructed using an iterative time-of-ight plus SharplR brain analysis.
algorithm. Standardized uptake value (SUV), de ned as the
decay-corrected brain radioactivity concentration notimed for -~ Centiloid Calibration
injected dose and body weight, was calculated at each volkel.  We performed a level 3 centiloid calibratioispplementary
dose CT scan was acquired immediately prior to PET scanniniglaterial) to verify agreement between the standard centiloid
for attenuation correction. Voxel size in the reconstrit®) min ~ processing method (which utilized SPM8) and our processing

PETimagewas 1.21.2 3.2 mn?. method (which utilized CAT12 normalization)3@ 34). All
o calibration parameters were within expected values, vatigat
MRI Acquisition our processing methods (slod® 0.998, intercepD 0.187,

MR images were acquired on a 3T General Electric HDxand RZ2 D 0.995). Cortical centiloid values were calculated in all
scanner (GE Healthcare, Waukesha, USA) with an eight-cHannBD participants using the FBB-to-centiloid conversion edprat
head coil. A volumetric T1-weighted (inversion-prepared &poi (centiloid unitsD 153.4 SUVR:gg— 154.9) 84).

gradient recalled echo (SPGR), TE/DR.8/6.6 ms, TD 400 ms,

ip angle D 15 deg, acquisition matri® 256 256 170, FOV  Regions of Interest (ROIS)

D 250 mm, slice thicknes® 1 mm) was acquired to facilitate While our principal analysis focused on corticabAleposition,
spatial normalization of FBB PET images. Additional T2-a number of both pathological and imaging studies suggest a
weighted and T2-weighted uid-attenuated inversion reeoy potential relationship betweenbfaccumulation in the striatum,

(FLAIR) images were acquired to enable a clinical read. thalamus, and globus pallidus and cognitive declii€, (24,
_ ) 41-43). We therefore speci cally investigatea priori ROIs,
Classi cation of FBB Images including the caudate, putamen, thalamus, globus pallidus, and

Visual classi cation of FBB scans as positive or negative isrecuneus. The precuneus was included as a representative
accurate and reliable for detection of cases with histelogycortical region that exhibits very high amyloid load in AB4).
dened plaques §8). A neuroradiologist (RJK, with both As standard centiloid regions do not exist for these strues r
in-person and e-training), blinded to cognitive status,aéieach we calculated average SUVR within these regions de ned by
scan as amyloid-positive or -negative. That judgment wasdas the Harvard-Oxford cortical and subcortical atlases in MB21
on the assessment of FBB uptake in gray vs. white matter gpace4{5-48).
the lateral temporal, frontal, posterior cingulate/precusgand
parietal lobes (in accordance with the Neura®éguidelines: ~ Statistical Analysis
https://www.accessdata.fda.gov/drugsatfda_docs/2iiet/204  Bayesian models were tted using the “brms” (v2.2.0) package
677s000Ibl.pdf). (49 in R (v3.4.4). In each model, four chains with 2,000
An additional approach using standardized uptake valuéterations each were used to generate the posterior sample.IMode
ratios (SUVR) or centiloids (see below) was also used toomparison using LOOIC (leave-one-out information critarjo
categorize FBB scans. An ROC analysis [using the R packages performed when models included correlated predictors or
“pROC” (39] was used to identify the optimum centiloid cut-o  predictive performance was being evaluated (A lower LOOIC

to separate positive and negative scans. score, by at least twice the standard error of the estimated
] di erence, indicated a model with a better t, and consequentl

Image Processing whether a speci c predictor signi cantly improved model t.

MRI Baseline demographic and neuropsychological group di erence

CAT12 (r934, http://www.neuro.uni-jena.de/cat/), a too¥ were analyzed using linear models (in brms). Analysis code and
of SPM12 (v6685, http://www. l.ion.ucl.ac.uk/spm/), rungin data are available at https://osf.io/5fqb9/.
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Region of Interest (ROI) Analysis TABLE 1 | Demographic, cognitive, and clinical metrics.

We investigated the relationship between FBB uptake and i

cognition in PD using Bayesian regression models includipeg a PON PD-Mcl PDD Lr::jgl

and sex.

(1) We rst tested for evidence of varying cortical amyloid " 23 & 16 N
deposition (centiloid) across the cognitive subgroups (PDN' ™ No- [%] 8(39) 18 (24) 319 -
PD-MCI, PDD). Age, years 70 (6) 72 (6) 77 (6) PDD PDN

(2) We aimed to predict a continuous measure of globalEducation Jears 2@ 13 122 &PoMel
cognitive ability (aggregate cognitive z score) as a fonaif oD Sympt(’)m 745) 7304) 8.5 (5)
age, sex, and cortical FBB binding (centiloid). We evaliate,, .o years ’ ’ ’
the importance of predictors by model comparison, using,, . 26 (2) 233) 16 (5) PON
LOOIC. That is, we compared a model predicting global PD-MCI >
cognitive ability with and without cortical FBB binding in PDD
order to determine whether cortical FBB binding improved Cognitive Z score 0.28 (0.48) 0.81(0.53) 1.89(0.57f# PDN>
prediction of global cognitive ability. This same procedure EBI-DMCD

was repeated for the memory domain score.

(3) Lastly, regional SUVR from the priori ROIs was modeled Memory domain  0.52(0.86) ~082(0.85)  1.82(0.67f EBNM>c|>
as a function of age, age-by-ROI, sex, and global cognitivséore ;

ability-by-ROI interaction, in order to investigate the Dose, MBq 294 (20) 300 (16) 290 (27) PoP
re_Iatlonshlp between FBB uptake and cognition in theAbpositive' No.[o6P  4[17] 11[14] 6 [38] _
di erent ROIs. Mean cortical 1.11(0.13) 1.12(0.18) 1.28(0.30) PDD PDN
, . ) SUVRys & PD-MCI
Whole-Brain Voxel-Wise Analysis (SUVR) _ Mean cortical CL 16 (19) 18 (27) 42(44)  PDD PDN
We used a standard, frequentist ANCOVA model (with age & PD-MCI

and sex as covariates) to assess the spatial distribution -of
amyloid deposition across Cognitive subgroups (we Specyca‘”VaIues are mgan (standard deviation) unleslsA speci ed,vagnmve z scores gnd
. . memory domain scores for seven PDD participants were imputed from restricte
II’IVEStIg&tEd the contrasts: PDD PD'MCL PDD > PDN’ and neuropsychological data due to their inability to complete the full cognitive asssment.
PD-MCI > PDN). In addition, we ran three multiple linear ®visual assessment of amyloid positive/negative reported. , no evidence of a difference;
regression models to investigate the association betwergl-y — no statistical test applicable or was not performed. Pairwise group estintas were

. : e considered different if 95% uncertainty intervals did not overlap. MBq, medgecquerel;
WIS(_:,' FBB SL_J_VR and continuous measure_gm)g(()bal COgnItIVG MoCA, Montreal Cognitive Assessment; A, Amyloid beta; SUVRs, Standardized uptake
ab”'ty (COgnlthe z SCOfe)ZD memory domain score, anCBI age. value ratio with “non-standard” processing (seeSupplementary Material ), CL, centiloid.
Age and sex were included as covariates in the global cogniti

ability and memory domain models; only sex was included in
the age model. Voxel-wise compari_sons were performed using-c,mulation in PDD relative to PDN and PD-MCFigure 1
a gray matter mask and a permutation-based inference tool fofyp|e 1). However, adding age as a covariate to the model

non-parametric thresholding [‘franglomise’Sﬂ.) in FSLv5.0.9].  gng using LOOIC to compare models, showed that age, rather
For each contrast, the null distribution was generated fi®@00 than cognitive group, was predictive of increased cortical

permutations and the alpha level set pt< 0.05, corrected amyioid accumulation Kigure 2B Supplementary Materia).
for multiple comparisons [family-wise error correction ugin \when attempting to predict cognition from cortical amyloid

threshold-free cluster-enhancement (TFCE)]. deposition, the addition of FBB uptake (centiloid) to a model
resulted in marginally worse out-of-sample prediction of glbb
RESULTS cognitive score [LOOIC (standard errob) 1.8 (0.8) Figure 2A]

and memory score [0.7 (2.1), data not shown] than simpler
Table 1 summarizes the demographic and clinical informationmodels, which only included age and an intercept. This indisat
for PD participants. Twenty-one of 115 (18%) had positive FBE-BB uptake has little, if any, relationship with cognitive
scans on visual assessment. We identi ed a centiloid cut-oimpairment in our PD sample. Ina priori ROIls, including
of 31.3 (equivalent SUVA 1.21), which yielded sensitivity age and sex, we saw no evidence of association between
(to visually assessed positive scais)100%, specicityD FBB uptake (SUVR) and either global cognitive or memory
92.6%, and AUC [95% con dence intervdl] 0.98 [0.97, 1.0]. score Figure 3).
We also identi ed a signi cant association between ceritilo
and age ( D 0.011 [0.005, 0.017] SUVR/year, or 9.39dNhole-Brain Voxel-Wise Amyloid

per decade). Distribution in PD
) _ o ) ) We identied no evidence of a dierence in amyloid
Regional Amyloid Distribution in PD deposition across PD cognitive groups (TFCE-corrected,

With a simple model that only considered the discrete cogmriti p < 0.05). Furthermore, we identied no evidence of
groups, we found evidence of increased cortical amyloidssociation between SUVR and either global cognitive

Frontiers in Neurology | www.frontiersin.org 4 April 2019 | Volume 10 | Article 391


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Amyloid and Cognitive Impairment in PD

Melzer et al.
150- .
Amyloid status
o ® Pos °
d O Neg
-
Q
x 100- 5
S L]
Q
=]
[11]
m
[
©
2
=
[<]
(&)
17% +ve 14% +ve 38% +ve
PDN PD-MCI PDD

FIGURE 1 | Cortical FBB uptake by cognitive group. We found evidence of
increased cortical amyloid accumulation in PDD relative tBDN and PD-MCI,
however this was explained by the older age of the PDD groupréble 1). The
dashed line at CLD 31.3 indicates the ROC-de ned optimal centiloid cut-off in
this sample, with sensitivity to clinically positive case® 100%, speci city D
92.6%, AUC [95% con dence interval]lD 0.98 [0.97, 1.0]. FBB, Florbetaben;
PDN, Parkinson's with normal cognition; PD-MCI, Parkinsos'with mild
cognitive impairment; PDD, Parkinson's with dementia; CLcentiloid.
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FIGURE 2 | Associations between cortical amyloid deposition and gloal
cognitive ability and age.(A) Scatter plot showing no evidence of a signi cant
association between global cognitive ability (Cognitive gcore) and cortical
amyloid (CL;Table 1). (B) Scatter plot of cortical amyloid (CL) vs. age (years).
FBB uptake was associated with age (slopeD 1.5 CL/year, 95% uncertainty
interval [0.6, 2.3], equivalent to SUVR of 0.011/year [0.009.017]). Black line
depicts estimate from the Bayesian model t and the shaded are indicates the
95% credible interval. Color represents cognitive statusggreen—Parkinson's
with normal cognition (PDN), orange—Parkinson's with mildognitive
impairment (PD-MCI), red—Parkinson's with dementia (PDD.L, centiloid.

DISCUSSION

Using FBB PET imaging in 115 PD patients across the cognitive
spectrum, we observed signi cantly higher cortical amyloid
accumulation in our PDD group relative to other cognitive
subgroups, but model comparison indicated this was due to the
older age of the PDD group.

Visual assessment revealed amyloid positive proportions of 17,
14, and 38% in PDN, PD-MCI, and PDD groups, respectively.
The prevalence of amyloid positivity reported in the literature
is variable, ranging from 0 to 53% in PDN§, 27, 30, 31, 52),
0-47% in PD-MCI @3, 26, 27, 30, 31, 52), and an estimated
point prevalence of 34% in PDD2§). Nevertheless, these
proportions of amyloid positivity across the cognitive spectrum
in PD are substantially lower than levels seen in Alzheimer's
dementia (88%)%3) or amnestic MCI (69%)%4), and are closer
to levels seen in elderly controls (11.6% at age 60, 23.8% at
70, and 34.5% at 80 year$)3(. The association we observed
between amyloid deposition and age 0.011 [0.005, 0.017]
SUVR/year, or 9.3% per decade) is similar to that reported
in the healthy elderly population{C-PiB uptake increased
at 0.016 SUVR/year, 10% per decade)5{)), indicating that
a PD-specic inuence on amyloid accumulation is unlikely.
Although global SUVR measures obtained from PiB and FBB
PET in the same subjects have excellent linear correlatfan, t
above rates are not directly comparable as di erent reference
regions were used to dene SUVR (for example, we used
the whole cerebellum while Villemagne et ab4), used the
cerebellar cortex). Nevertheless, amyloid load in our Psa
appears to be consistent with levels seen in the general elderl
population, as well as previous PD studigs 23 31), and
any increases in our PDD group can be explained by their
older age. Not accounting for age may help explain the recent
report of association between amyloid deposition and global
cognition in a subset of the Parkinson's Progression Marker
Initiative (24).

Ideally we would have used a prede ned centiloid threshold
derived from a large population study to de ne amyloid positivity
in our PD sample. However, to the best of our knowledge,
this is not currently possible. SUVR cut-o values are well
established, but recent work demonstrates that speci c thokts
are, as expected, highly dependent on the reference regiahs an
processing methodology’(55). Therefore, a threshold derived
using a particular method should not necessarily be applied
to a dierent processing methodology, even after centiloid
standardization 5. Many potential thresholds are available: a
phase Il FBB study identi ed a histopathologically-con rrde
amyloid positivity cut-o of SUVRD 1.478 £6); Jack et al.X7),
report a Pittsburgh Compound B-derived cut-o of SUVR
1.42 and CLD 19; Bullich et al. %8), reported FBB thresholds
using cerebellar cortex (SUVR 1.43) and non-centiloid whole
cerebellum (SUVRD 0.96) as reference regions. However, it
would be inappropriate to apply these cut points to our current
dataset as image processing and reference regions di ered fro

ability or memory domain scores. There was, however, &€ standard centiloid SUVR method. Su et &5( presented
widespread positive association between SUVR and age over ghéentiloid cut-o using standard reference regions (OL6.8)

cortex Figure 4).

based on an ROC analysis to classify young, amyloid negative
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FIGURE 3 | Cognitive performance as a function of mean standardized upke volume ratios (Florbetaben) within a number of brain geons. While different regions
exhibited different levels of amyloid deposition, there wga clear lack of relationship between cognitive performare(cognitive z score) and SUVR within all of the

regions examined. FBB, Florbetaben; SUVR, standardized t@ke volume ratio. Color represents cognitive status: gree—Parkinson's with normal cognition (PDN),
orange—Parkinson's with mild cognitive impairment (PD-M{}, red—Parkinson's with dementia (PDD).

FIGURE 4 | Red indicates voxels with a signi cant positive associatiometween FBB uptake and age (TFCE-correctegh < 0.05), overlaid on a study-speci ¢
structural image. This association was evident throughouthe cortex and in the thalamus but not in the striatum.

participants from AD patients in the GAAIN dataset. This neither of these two conditions exhibit the proportions of
surprisingly low threshold may be driven by dierences inamyloid-positive cases reported in Alzheimer's demen#g, (
non-speci ¢ binding and tracer delivery di erences between30, 59, 60). While some have reported an association between
young and old participants. In any case, standardized cedtilo cognitive ability and cortical SUVR in DLB2§), the largest
analyses of large cohorts are needed to establish appropriatidy (including the most thoroughly pro led group of DLB to
centiloid thresholds, which will lead to greater applicabitif the  date) did not nd an association between amyloid depositiond a
centiloid scale. clinical pro le, despite showing increased amyloid accurtiala

In this study, we used a well-validated visual assessment ¥s. controls 9. We con rm here a similar lack of association
clinically rate scans as being amyloid positive or negat@. (  in PD between amyloid deposition and cognitive impairment,
As there is not an accepted threshold based on standardizedth age explaining the increased FBB-uptake observed in our
centiloid reference regions, we de ned an amyloid posiyivit PDD group.
centiloid cut-o threshold in our sample. Our cut-o (CID 31.3, Most of our PD patients were within the normal centiloid
SUVRD 1.21) corresponds well to the estimated value proposenge (comparted to control data from the Global Alzheimer's
by Rowe and colleagues84 in the context of AD (CLD 25— Association Information Network used for level 3 centiloid
30), however our estimated threshold may be biased by the logtandardization: http://www.gaain.org/centiloid-projgctwith
number of Ab positive patients. few showing AD-like levels of cortical amyloid. Hencé A

Our results suggest a lower prevalence of amyloid-positiveathology is unlikely to be a dominant causal factor in the
PDD individuals than in dementia with Lewy bodies (DLB); majority of individuals with PD or PDD.
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PET measures of amyloid do not suggest plaques asazcumulation in PDD, but this was explained by the older
primary pathology for dementia in PD, but amyloid may play age of the PDD group. We found no associations between
a part in conjunction with other pathologies, such as alphaamyloid load and continuous measures of cognitive perforogan
synuclein and hyper-phosphorylated tau. It is expected that talihis suggests that lAaccumulation is not the primary cause
deposition will correlate more directly with current coginié  of cognitive impairments in PD. Low levels of amyloid may,
ability, due to its association with accelerating neurom@lry.  however, still interact synergistically with other PD pattgical
Initial tau PET imaging in PD and DLB demonstrates a spectrunprocesses, thereby accelerating other pathways to dementia.
of deposition, with reports of both associatioB( 52) and
lack of association 2G, 61) with cognitive impairments in DATA AVAILABILITY
PD. Thus, consideration of amyloid, tau, and alpha-synuclei
deposition in the same individuals may ultimately provideAnalysis code and data are available on the Open Science
a more complete description of how pathological processeSramework at https://osf.io/5fqb9/.
potentially interact to aect cognition in PD. A potential
scenario for prediction of future outcomes will most likely ETHICS STATEMENT
synthesize an array of biomarkers representative of thege an
other pathologies{l, 62). All participants gave written consent, with additional consent

Our results suggest that amyloid deposition is neithefrom a signicant other when appropriate. The study was
necessary nor sucient to explain cognitive decline andapproved by the regional Ethics Committee of the New Zealand
dementia in PD. The current study cannot address the rolgvinistry of Health (No. URB/09/08/037).
that amyloid accumulation plays in AD, but it does raise the
question as to the fundamental relationship between amyloiAUTHOR CONTRIBUTIONS
plagues and dementia. While the amyloid cascade hypothesis
remains the leading candidate to explain the pathophysiologym, DJM, MM, TP, DHM, JD-A, and TA conceptualized and
of AD, it not universally acceptedsg, 64). Amyloid beta may designed the study. TM, MS, and DJM drafted the manuscript,
be a downstream result, and not necessarily the cause, gérformed the image processing, and statistical analyses. TM,
AD (65). MM, DHM, RK, DJM, LL, JD-A, and TA obtained funding for the

Limitations of this study include the absence of a healthystudy. RK, LL, DIJM, MM, TP, and SM provided administrative,
control group. Analyses were restricted to the e ects of vagyi technical, and material support. All authors contributed to
levels of cognitive impairment within PD. All comparisons acquisition, analysis, or interpretation of data. All autor
to healthy controls were based on comparable reports fromgontributed to manuscript revision, read, and approved the
the literature. However, the primary aim of this work was tosupmitted version.
investigate the relationship between amyloid depositiord an
cognitive impairmentwithin a group of well-characterized PD EUNDING
participants. Even when following level Il criteria for PD-N|C
considerable Variability exists across those diagnoseBE&s Research reported in this pub”cation was Supported by the
MCI; some exhibit single domain and others multi-domain Health Research Council of New Zealand (14/440), a Sir
impairment (32). It is possible that dierent subtypes may Charles Hercus Early Career Development Fellowship from
exhibit greater or lesser underlyingbANonetheless, Awas  the Health Research Council of New Zealand (17/039), a
not associated with global cognitive ability or memory ftion.  Neurological Foundation of New Zealand Philip Wrightson
We do not know the APOE genotype of our participants, whichposdoctoral Fellowship (1327-WF), the Canterbury Medical
has been shown to correlate with amyloid depositi@n, (54).  Research Foundation (15/08), the New Zealand Brain Research

We also did not have hiStOpathOlOgical con rmation of amydoi |nstitute’ and a University of Otago Research Grant.
plague accumulation, although recent work demonstratelsttig

agreement between visual assessment of amyloid PET and

histopathological evidence in AD5§). Lastly, recent work ACKNOWLEDGMENTS

suggests that partial volume correction can improve the @bili

of FBB PET to discriminate between AD patients and health}W

controls (66). We did not perform this step because partial n

volume correction methods are still highly variable across

centers, with no consensus on optimal methods, and have n@UPPLEMENTARY MATERIAL

been incorporated into centiloid standardization procedure

yet 33). The Supplementary Material for this article can be found
In this cross-sectional investigation of a large, cogeifwell-  online at:  https://www.frontiersin.org/articles/10.38theur.

characterized PD group, we found increased cortical amyloi@¢019.00391/full#supplementary-material

e thank all of the participants for their willingness to taketpa
this study.
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