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Abstract

Introduction: Down syndrome (DS) is associated with a higher risk of dementia. We

hypothesize that amyloid beta (A𝛽) in specific brain regions differentiates mild cogni-

tive impairment in DS (MCI-DS) and test these hypotheses using cross-sectional and

longitudinal data.

Methods: 18F-AV-45 (florbetapir) positron emission tomography (PET) data were col-

lected to analyze amyloid burden in 58 participants clinically classified as cognitively

stable (CS) orMCI-DS and 12 longitudinal CS participants.

Results: The study confirmed our hypotheses of increased amyloid in inferior parietal,

lateral occipital, and superior frontal regions as themain effects differentiatingMCI-DS

from the CS groups. The largest annualized amyloid increases in longitudinal CS data

were in the rostral middle frontal, superior frontal, superior/middle temporal, and pos-

terior cingulate cortices.

Discussion: This study helps us to understand amyloid in theMCI-DS transitional state

between cognitively stable aging and frank dementia in DS. The spatial distribution of

A𝛽 may be a reliable indicator ofMCI-DS in DS.

K EYWORD S
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1 INTRODUCTION

Studying adults with Down syndrome (DS) provides valuable insight

into the nature and progression of Alzheimer’s disease (AD). The pre-

dominant genetic basis of DS is a triplication of chromosome 21, which

contains, among others, the amyloid precursor protein (APP). Of inter-

est, individuals with DSmay be at a higher risk for developing AD com-

pared to other individuals with intellectual disability,1,2 with the trip-

lication and overexpression of APP playing a key role. This has been

demonstrated by studies of rare partial trisomy cases in which there

are two copies of APP and no resultant dementia or neuropathological

findings for AD.3,4 In DS, virtually all have amyloid beta (A𝛽) plaques

and tau-based neurofibrillary pathology consistent with a neuropatho-

logical determinationofADbyage40,5 andafter age60 theprevalence

of clinical AD is reported to be at 75% or higher.6–8

Several considerations justify advancing our understanding of AD

progression in adults with DS. On one hand, birth incidence remains

stablewhile life expectancy has increased, creating a significant patient

population.9,10 On the other hand, adultswithDS represent the largest

population at genetically high risk for AD, making them an attrac-

tive focus for research in understanding AD progression. This sec-

ond consideration is strengthened by the fact that risk for other

progressive neuropathologies in DS is relatively low.11 Thus, older

adults with DS represent an important population for studying AD

progression.

Interventions targeting A𝛽 plaques after the clinical onset of

dementia have been predominantly unsuccessful,12 suggesting a need

for early biomarkers predictive of conversion. Positron emission

tomography (PET) has been used to measure A𝛽 in the brain through

the development of tracers that are sensitive to A𝛽 plaques.13,14

Specifically, the 18F-AV-45 (florbetapir) ligand detects fibrillar A𝛽 con-

centration in people with DS15 and sporadic AD.16 Recent PET stud-

ies highlight the importance of a regional analysis of brain A𝛽 in par-

ticipants with DS.17 First, using 18F-AV-45, Sabbagh et al.18 reported

differential patterns of amyloid in the inferior parietal, superior tem-

poral, and prefrontal cortex in DS based on differences between a

sample of 5 participants clinically diagnosed with AD and 12 with-

out (average age 50 and 36 years, respectively). Second, Annus et al.

studied younger adults19 using [11C] Pittsburgh Imaging Compound

B (PiB) to evaluate A𝛽 load in DS. Their results showed that bind-

ing first appeared in the striatum at around 40 years of age, and PiB

positivity correlated with the number of distinct regions having amy-

loid above an empirically defined threshold for positivity, consistent

with other groups.17,20 Third, in a longitudinal PET study, Lao et al.21

reported differential mean annualized percent changes in amyloid load

as a function of brain region and PiB positivity status. Finally, in a pilot

study using 18F-AV-45, we showed that the timing of conversion to

dementia in five transitioned participants with DS was associated with

s higher load in sub-regions of frontal, temporal, parietal, and cingulate

cortices.22

Taken together, these studies suggest that characterization of the

spatial distribution and region-specificity of A𝛽 will likely inform our

understanding of dementia pathogenesis in DS. The results of our pre-

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the Down syn-

drome (DS) literature through typical methods using

PubMed, reviews of conference publications, abstracts,

and posters. Prior publications are focused on empirically

defined groups based on amyloid load and cited in our

article. The current study characterizes brain amyloid dis-

tributions in mild cognitive impairment in DS (MCI-DS).

This study is the first to characterize brain amyloid distri-

butions inMCI-DS using a large cohort.

2. Interpretation: The study confirmed our hypotheses of

increasedamyloid in inferior parietal, lateral occipital, and

superior frontal regions as the main effect differentiat-

ing MCI-DS from cognitively stable (CS) individuals. The

largest annualized amyloid increases in longitudinal CS

datawere in rostralmiddle frontal, superior frontal, supe-

rior/middle temporal, and posterior cingulate cortices.

3. Future directions: Our future work will expand our sam-

ple and follow participants longitudinally to understand

amyloid and tau signatures in MCI-DS and the identifica-

tion of composite biomarkers that predict clinical transi-

tion.

vious work,22 in particular, support the proposal that increases in spe-

cific brain regions may be strongly associated with at least the early

stages of conversion to AD.

The current study was designed to validate these previous findings

in a large independent sample and a longitudinal cohort of adults with

DS. In this context, we focus on individuals with DS and mild cogni-

tive impairment (MCI-DS). MCI-DS is considered an early stage of clin-

ical progression of AD preceding a diagnosis of dementia, and offers

the possibility of identifying an early stage of amyloid deposition. The

first aim of this study was to test whether amyloid load in a priori

selected regions is higher in participants with MCI-DS compared to

cognitively stable (CS) individuals. The second aim was to estimate the

within-subject amyloid changes in a longitudinal cohort of CS partici-

pants with the expectation of showing consistent patterns of differen-

tial increases.

2 METHODS

2.1 Participant characteristics

This study included a subset of participants from the Alzheimer’s

Biomarkers Consortium–Down Syndrome (ABC-DS),23 a multisite,

multidisciplinary program to identify biomarkers associated with AD

in adults with DS. Research procedures were reviewed and approved

by the institutional review boards, and informed consent/assent was
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obtained from all participants and their legal representatives. The

researchers and authors of this paper have no competing interests to

declare. Herewe report on 85 participants (40-64 years of age) imaged

with 18F-AV-45 PET and who have completed the first of three lon-

gitudinal cycles at the following sites: Massachusetts General Hos-

pital/Harvard University (MGH), Columbia University, the New York

State Institute for Basic Research in Developmental Disabilities and

University of California, Irvine (UCI). Twelve participants had a previ-

ous imaging session acquired 3.8 ± 0.97 years prior to their current

evaluation and reported in Keator et al.22 All remained cognitively sta-

ble over this time. Of the 85 participants, 6 were not included in the

analysis due to artifacts identified in the scans. Omission of these cases

was confirmed by a local outlier factor (LOF) analysis computed across

a range of neighborhood settings ({k ∈ ℕ|5 ≤ k ≤ 15}), where an a

priori–defined LOF score >2.0 in any neighborhood was identified as

an outlier.24

2.2 Determination of dementia status using
consensus conference procedures

Each participant’s clinical status was evaluated with a standardized

assessment battery including detailed review of medical records,

informant interviews regarding functional/vocational abilities

and neuropsychiatric concerns, direct assessment of a variety of

cognitive abilities, maladaptive behaviors and neuropsychiatric

symptoms, and health status. The diagnostic status of each par-

ticipant was rated at a consensus case conference using data

from all sources but was blind to any imaging or fluid biomarker

findings.25–27

Clinical status was classified into the following categories: (1) cog-

nitively stable (or CS), indicating with reasonable certainty that clini-

cally significant declines beyond those of normal agingwere absent; (2)

MCI-DS, indicating there was some mild cognitive/functional decline

greater than would be expected with aging but not sufficiently severe

to meet criteria for dementia, (3) possible dementia (DEM), indicating

that some signs/symptomsof dementiawere present, but declines over

time were not totally convincing; (4) definite dementia (or DEM), indi-

cating a high degree of confidence that dementia was present; or (5)

status uncertain, indicating that the evidence of decline was present

but one ormore factors unrelated to an aging-associated neuropathol-

ogymight be the cause.

In this study we focus on characterizing cross-sectional regional

brain amyloid in participants with MCI-DS and longitudinally in partic-

ipants beforeMCI-DS onset. Although the possible+ probable demen-

tia (DEM) group is more affected cognitively, we were uncomfortable

drawing any conclusions due to the small sample size, but have included

information in the supplement and highlighted differences from MCI-

DS in the discussion. We anticipate formal analysis of the DEM group

when the sample sizewarrants. Among the cross-sectional data, theCS

groupdiffered inmeanage fromtheMCI-DS (t[33.68]=−3.70;P< .001

two-tailed) and DEM groups (t[10.34]=−3.74; P < .004 two-tailed), as

did sex (P< .056 Fisher exact test).

2.3 Image acquisition

18F-AV-45 PET scans were acquired for each participant at their

enrollment site. Participants at UCI were scanned on a High Res-

olution Research Tomograph (HRRT; orientation = axial, voxel

size = 1.2 mm3, matrix size = 256 × 256 × 207, reconstruction =Ordi-

nary Poisson Ordered Subset Expectation Maximation (OP-OSEM)),

at Columbia on a Siemens Biograph64 mCT (orientation = axial, voxel

size = 1.0 × 1.0 × 2.0 mm, matrix size = 400 × 400 × 436, reconstruc-

tion =OSEM3D+Time Of Flight (TOF) 4i21s), and MGH on a Siemens

Biograph mMR (orientation = axial, voxel size = 2.1 × 2.1 × 2.0 mm,

matrix size = 344 × 344 × 127, reconstruction = OP-OSEM 3i21s).

Image acquisition followed the Alzheimer’s Disease Neuroimaging

Initiative (ADNI)28,29 protocol: 4 × 5 minute frames collected 50

to 70 minutes after injection. PET reconstructions were performed

with attenuation and scatter correction as implemented on each

platform. T1-weighted magnetic resonance imaging (MRI) scans were

acquired using ADNI protocols. Participants at UCI were scanned

on a Philips Achieva 3T (orientation = sagittal, repetition time/echo

time [TR/TE] = 7.8/3.6 ms, flip angle = 7◦, voxel size = 1 mm3, matrix

size= 256× 256× 176) or a Siemens Prisma 3T (orientation= sagittal,

inversion time[TI]/TR/TE = 900/2300/3.0 ms, flip angle = 9◦, voxel

size=1mm3,matrix size=240×256×208). BothColumbia andMGH

used a Siemens Prisma 3T scanner.

2.4 Image processing

The reconstructed PET frames were realigned and averaged prior to

analysis and then co-registered with their respective MRI studies. For

region of interest (ROI) analyses and standardized uptake value ratio

(SUVR) scaling, MRI segmentations were computed with FreeSurfer

(FS6 version 6.0; RRID:SCR_001847),30–32 visually checked for accu-

racy, and correctedwhen necessary using procedures from FreeSurfer.

PET counts were converted to SUVR units using the cerebellum-

cortex reference region prior to computing ROI averages.MRI-derived

voxel-weighted SUVR averages for each ROI were extracted in native

space using the Desikan/Killiany atlas.33 For voxel-based analyses,

images were aligned to the Montreal Neurological Institute (MNI)

space with Advanced Normalization Tools (ANTs version 2.2.0;34

RRID:SCR_004757), aligning the MRI scans to a DS average target in

MNI space and applying the transformations to the co-registered PET

scans. Voxel-based image analysis was performedwith the SPM12 Sta-

tistical ParametricMapping tool (RRID:SCR_007037).

To account for the differences in spatial resolution of the PET acqui-

sition platforms, data from UCI’s HRRT were smoothed to the recon-

structed spatial resolutions of the BiographmMRand Biograph64. The

resulting images were inspected visually for similarity across sites. The

ROIandvoxel-based results using this “smoothed-to” data are reported

in this article.We further evaluated the consistency of our results using

partial volumecorrected (PVC)datawithPETSurfer,35,36 correcting for

the platform-specific published spatial resolution of each imaging sys-

tem. In addition to the above correction methods, acquisition site was
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TABLE 1 Participant characteristics showing total Nwithin each diagnosis, sex, APOE status, andmean (±SD) age at time of PET scan

Diagnosis N Sex

APOE Status e4/no
e4/unknown

Age PET 1 (years)

[min, max]

Age PET 2 (years)

[min, max]

Cognitively stable (CS) 41 18F/23M 9/29/3 46± 5.6 [40, 59]

Mild cognitive impairment (MCI-DS) 17 2F/15M 8/8/1 52± 5.0 [44, 62]

Dementia (DEM) 9 4F/5M 4/5/0 56± 7.0 [45, 65]

Longitudinal CS 12 2F/10M 1/11/0 50± 4.0 [43, 57] 54± 4.6 [46, 62]

added as a covariate to account for additional sources of site-related

variance.

2.5 Data analysis

Herewe report on analyses about specific brain regions (sub-regions of

frontal, temporal, parietal, occipital, and cingulate cortices) for which

amyloid load is expected to increase from CS to MCI-DS. Along with

our expected regions, we have included two composite regions: (1)

from Jack et al.37 for defining imaging biomarker cut points in AD

(Jack2017Composite), consistingof thevoxel-weightedaverageof pre-

frontal, orbitofrontal, parietal, temporal, anterior and posterior cin-

gulate, and precuneus regions; and (2) from Keator et al.22 consist-

ing of the voxel-weighted average of inferior parietal, superior tempo-

ral, frontal, and anterior cingulate (Keator2018Composite). In addition,

we included two “control” regions: hippocampus and entorhinal cortex

(EC). We observed no relationship between amyloid and transition in

Keator et al.22 in these two regions and therefore did not expect to

observe increased amyloid in MCI-DS compared to the CS group, or in

the longitudinal CS cohort. Finally, we included the dorsal striatum, a

region of early amyloid binding in DS and therefore expected it to be

informative in characterizing amyloid inMCI-DS.38,39

3 RESULTS

3.1 Cross-sectional analyses

For cross-sectional ROI analyses comparingMCI-DS to CS, linearmod-

els (RStudio version 1.1.447; RRID:SCR_00190540) were fit regress-

ing each 18F-AV-45 ROI average (treated separately) on additive indi-

cators of diagnosis, sex, and site. Age and ROI volume were included

as quantitative covariates. Mean difference estimates were extracted

from the group coefficient and95%confidence intervals (CIs)were cal-

culated and reported for the population values. For voxel-based analy-

ses, a multiple regression model was fit (SPM12) which included anal-

ysis of covariance (ANCOVA) global normalization, age, sex, site, and

diagnosis.

Estimates of successive adjusted percent differences in the

“smoothed-to” mean SUVR values for both MCI-DS and CS

groups along with the standard errors (SEs), 95% CIs, and one-

sided uncorrected and adjusted P-values for our hypothesized

positive changes in amyloid are shown in Table 2. P-values were

TABLE 2 Estimates of successive percentage difference in SUVR
for CS versusMCI-DS

Region

Estimate

(lower, upper) SE P unc. Adj. P

Inferior parietal* 10.70 (0.69, 21.69) 4.83 .018 .162

Lateral occipital* 10.65 (0.11, 22.30) 5.12 .024 .187

Superior frontal* 10.54 (−0.39, 22.66) 5.32 .029 .206

Keator2018Composite* 8.41 (−0.74, 18.40) 4.49 .036 .215

Jack2017Composite* 8.25 (−0.65, 17.94) 4.37 .035 .209

Rostral middle frontal 8.28 (−2.68, 20.48) 5.46 .070 .239

Inferior temporal 7.93 (−2.65, 19.66) 5.28 .072 .239

Anterior cingulate 7.33 (−1.86, 17.38) 4.56 .059 .238

Superior temporal 7.00 (−1.91, 16.70) 4.42 .062 .239

Dorsal striatum 6.50 (−2.12, 15.88) 4.30 .070 .239

Middle temporal 6.07 (−2.90, 15.87) 4.50 .093 .269

Posterior cingulate 5.93 (−2.57, 15.18) 4.26 .086 .259

Medial orbitofrontal 4.98 (−4.81, 15.76) 4.99 .162 .324

Orbitofrontal 4.46 (−4.13, 13.82) 4.37 .156 .312

Hippocampus 4.34 (−1.62, 10.66) 2.98 .077 .239

Lateral orbitofrontal 3.85 (−4.30, 12.69) 4.16 .179 .358

Entorhinal cortex −0.14 (−5.40, 5.41) 2.73 .521 .521

Comparisons are grouped within ROI. Estimates are in percent difference

adjusted for key covariates along with 95% lower, upper confidence inter-

vals on52degreesof freedom (dof).P-values (uncorrectedandadjusted) are
one-sided for hypothesized positive differences.

adjusted using a Bonferroni-Hommel method.41 The largest per-

cent differences between MCI-DS and CS were in the inferior

parietal, lateral occipital, and superior frontal regions (≈10%), fol-
lowed by the Keator2018Composite, rostral middle frontal, and

Jack2017Composite regions (≈8%). The smallest differences were in

the temporal regions, orbitofrontal cortices, dorsal striatum, and the

cingulate regions (≈4%-7%). These effects were consistent using the

PVC-corrected data, yet the estimated mean differences were much

higher in the inferior parietal and superior frontal regions (≈24%),
superior temporal and rostral middle frontal regions (≈11% and

13%), and the dorsal striatum (11%). None of the regions survived

the Hommel multiple comparison procedure at the P < .05 (shown in

Figure 1), but this was not surprising given the conservative nature of

this correction and the limited statistical power inherent in the sample

sizes.

Forest plots are provided in Figure 1 for unadjusted (left) and

adjusted data (right) after removing linear associations with age,
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F IGURE 1 Plots showing distributions of unadjustedmarginal estimates for each region by diagnosis (left) and the adjusted data (right) after
removing the linear associations with age, sex, acquisition site, and region of interest (ROI) volume, scaled to themean/standard deviation of the
CS group

volume, site, and sex. Residuals were centered and scaled to the over-

all CS mean and standard deviation (SD). Regions were ordered by the

MCI-DS unadjusted median SUVR value. The vertical line at 1.4 SUVR

may be suggestive of amyloid positivity in the non-DS population37

and is included as a reference value. Although the largest differences

between the groups were in the inferior parietal, lateral occipital, and

superior frontal regions, the highest SUVR average was in the dorsal

striatum, a region identified as having the earliest amyloid in DS,38,39

followed by the posterior/anterior cingulate, another region shown to

have increased PiB retention in DS.42

To further understand group differences in regional distribution, a

voxel-based linear regressionwasperformed in SPM12usingANCOVA

scaling and indicators of diagnosis, sex, site, and scan age. T-mapswere

then converted to estimated effect-size maps (Figure 2) using the f-

modeling approach to empirical Bayes estimation.43 Regionswith large

effect sizes are key to understanding the role of amyloid accumula-

tion in disease progression. Generally, the voxel-based analyses were

consistent with the ROI results, with large effect sizes (>2.0) in the

superior frontal, rostral middle frontal, inferior parietal, and lateral

occipital regions (P < .001 uncorrected (unc)). Unlike the ROI data,

there were equally large effect sizes (>2.0) in the superior, middle,

and inferior temporal regions (P < .001unc). The anterior and poste-

rior cingulate had moderate effect sizes ranging from 1.5 to 2.0. The

dorsal striatum effect size was unremarkable. The voxel-based anal-

ysis provided information beyond our a priori hypothesized regions

for which we see effect sizes in the thalamus, superior parietal, post-

central, precentral, fusiform, caudal-middle-frontal, pars-opercularis,

pars-triangularis, and cuneus/precuneus ranging from 1.5 to 3.2.

3.1.1 Longitudinal analysis

In the cross-sectional analysis we observed evidence supporting our

hypotheses of increased amyloid load in the superior frontal, inferior
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F IGURE 2 Voxel-based contrasts of theMCI-DS versus CS groups showing effect sizes of increased amyloid load inMCI-DS compared to CS.
Areas of increase corresponding to a priori hypothesized regions are labeled with abbreviations: IPL= inferior parietal lobe; ITG= inferior
temporal gyrus; LOC= lateral occipital cortex; LOF= lateral orbitofrontal; MTG=middle temporal gyrus; RMFG= rostral middle frontal gyrus;
PCC= posterior cingulate cortex; SFG= superior frontal gyrus; STG= superior temporal gyrus

parietal, and lateral occipital regions as the strongest indicators of

MCI-DSdevelopment.Wenow return to the original cohort of 12unaf-

fectedparticipants fromourprevious study,22 whowere scanneda sec-

ond time≈4years later (3.8±0.97 years) and remained cognitively sta-

ble.Wepredicted that cognitively stable older participantswould show

evidence of increasing amyloid load in regions most strongly indicative

of MCI-DS as they age and theoretically approach clinical transition.

We acknowledge this is not a completely independent sample, since

the first scan was used in the transition study22 and contributed to

our a priori identified regions for this study. However, evaluating the

change in these participants, who have not yet transitioned toMCI-DS,

provides additional empirical support for our regional hypotheses and

transition into clinically evident disease states.

In Figure 3we show the SUVRs of the latest (T1) to the earliest amy-

loid scan (T0), ordered by magnitude of increase. Data points are col-

ored according to the temporal interval (T1-T0). Similar to the cross-

sectional analyses, we see the largest increases in the frontal and pari-

etal lobes, followed by the posterior cingulate, dorsal striatum, and

middle temporal lobe. Both composite ROIs are also sensitive to these

increases. Note the large variability in the ratios across participants,

which is not surprising given the continuous nature of the disease

process and individual differences in the rate of progression within

that spectrum. Table 3 shows the annualized percent change in SUVR,

ordered by magnitude of the mean change. The ordering is similar to

the longitudinal ratios except in the superior temporal lobe showing a

higher relative percent change. Of interest, the superior temporal lobe

was among the most significant regions differentiating transitioned

fromnon-transitionedparticipants after sub-regions of the frontal lobe

in our previous study,22 and may be accumulating amyloid earlier than

the frontal regions as AD progresses preclinically, and then reaching

a plateau. This would result in a lower overall ranking as compared to

someof the other regionswhen comparingCS toMCI-DS. As expected,

the control regions (ie, EC and hippocampus) showed nominal changes.

TABLE 3 Estimates of the average percentage change in SUVR per
year along with 95% lower, upper confidence intervals, adjusted for
the years between scans, and DOF= 11

ROI

%-change

(lower, upper) SE P unc. P adj.

Rostral middle frontal 4.1 (1.5, 6.8) 1.2 .005 .025

Superior frontal 4.1 (1.6, 6.7) 1.1 .004 .020

Keator2018Composite 3.4 (1.4, 5.4) 0.9 .003 .018

Jack2017Composite 3.2 (1.4, 5.1) 0.8 .002 .016

Superior temporal 3.2 (1.4, 5.0) 0.8 .002 .016

Posterior cingulate 3.1 (1.2, 5.0) 0.9 .005 .025

Middle temporal 3.0 (1.5, 4.6) 0.7 .001 .012

Dorsal striatum 2.9 (0.9, 5.0) 0.9 .009 .036

Anterior cingulate 2.8 (0.9, 4.7) 0.8 .007 .028

Inferior parietal 2.6 (1.0, 4.2) 0.7 .004 .020

Inferior temporal 2.5 (1.1, 3.9) 0.6 .002 .016

Medial orbitofrontal 2.4 (1.0, 3.9) 0.7 .004 .020

Orbitofrontal 2.4 (0.8, 4.0) 0.7 .006 .025

Lateral orbitofrontal 2.4 (0.7, 4.1) 0.8 .010 .040

Entorhinal cortex 1.2 (0.0, 2.4) 0.6 .052 .156

Lateral occipital 0.9 (−0.6, 2.5) 0.7 .205 .410

Hippocampus 0.1 (−1.3, 1.6) 0.7 .870 .870

ROIs are ordered in decreasing order of themagnitude of themean change.

P-values (uncorrected and adjusted) are one-sided for hypothesized posi-

tive differences.

4 DISCUSSION

In this study, we presented both cross-sectional and longitudinal anal-

yses of amyloid in prodromal and preclinical stages of AD. In our

prior work,22 we identified sub-regions of frontal, temporal, parietal,

occipital, and cingulate cortices that were associated with increased
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F IGURE 3 Distribution of standardized uptake value ratios (SUVRs) (T1/T0) by region of interest (ROI). Regions are ordered, smallest to
largest, with respect to themedian ratio. Bracket valuesmark the 10th and 90th percentiles of the sample, giving a near complete representation
of the distribution of values. Values are plotted with a color scale based on the interval between scans. Red circles represent themedian value

amyloid and dementia status. Here we found supporting evidence for

our hypotheses using an independent cross-sectional cohort and longi-

tudinal data. Our results generally agreed with our prior study associ-

ating increased amyloid in specific regions with early cognitive impair-

ment in DS.

Beyond validating our hypotheses, this study helped us understand

howamyloid load differs in theMCI-DS transitional state between cog-

nitively stable aging and frank dementia. Consistent with prior work,

we see high dorsal striatum amyloid load in the MCI-DS group. This

region was identified previously in younger participants with DS and

is often used to separate participants into amyloid positive/negative

groups.38,39 In our data, the dorsal striatum has the highest median

SUVR value of the regions evaluated. However, it was not among the

best regions for separating MCI-DS from CS groups, and even less so

in our small DEMgroup (Supplementary sections 1, 2). This may be evi-

dence of a plateau temporally near the transition to clinical progres-

sion, although lack of sufficient statistical power is also possible.

A result that differed from our prior study22 is the weaker rela-

tionship between orbital-frontal amyloid and diagnosis. Previously, we

found that medial/lateral orbital-frontal amyloid was a strong predic-

tor of transition. Of interest, in the DEM cohort (n = 9), we observed

increased amyloid in orbital-frontal regions when contrasting DEM

versus CS and DEM versusMCI-DS groups (Supplementary sections 1,

2). Furthermore, we see a clear orbito-frontal pattern of large effect

sizes in the DEM group. These results suggest that our MCI-DS group

is likely at an earlier stage of cognitive decline compared to the par-

ticipants that transitioned in our prior study, and increases in orbital-

frontal amyloid are indicators ofmore advanced disease progression in

DS.

Looking more broadly at our voxel-based analyses, we see large

effect sizes in the thalamus. The thalamus was not a region identified

in our prior work as predictive of transition. Specifically, the cluster

on the right is located in the medial dorsal nucleus (MNI: 7.9, −18.1,
4.0 mm), which is structurally connected to the prefrontal cortex.44–46

The cluster on the left is located in the ventral nuclear group (MNI:

−14.4, −22.3, 4.0 mm) and is structurally connected to the poste-

rior parietal, sensory, and primarymotor cortices.44–46 Although there

have not been associations between amyloid propagation and struc-

tural connectivity reported, there is evidence of associations with tau

pathology.47 We plan to investigate whether structural tract changes

predict tau pathology in the presence of amyloid48 with future tau PET

scans.

With respect to our control regions, EC and hippocampus, we

observed small longitudinal changes in EC and almost no change in

the hippocampus. No effects approached statistical significance and

we therefore concluded that no substantial evidence of amyloid differ-

ences in either of these regions associated with preclinical or prodro-

mal AD progression within our DS sample.

Although our study is a relatively large sample of DS participants,

it is still underpowered. Furthermore, differentiating MCI and early

dementia in DS objectively is complicated by variation in severity and

specific profiles of preexisting cognitive impairment.26 Due toour small
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sample of female participants diagnosed with MCI-DS, we were also

unable to evaluate relevant sex differences.

Notwithstanding these limitations, our study used state-of-the-

art procedures for diagnostic classification in populations with intel-

lectual disabilities, which we believe provides accuracy in diagnoses,

approaching that for neurotypical populations. We based our analy-

ses on a priori–identified regions, evaluated our hypotheses in an inde-

pendent cross-sectional cohort, and further strengthened using a lon-

gitudinal cohort. Previous studies have suggested that there is somuch

amyloid uptake in DS from a young age that amyloid PET may not be

of use in tracking the progress of AD. However, based on the consis-

tency of our results, we feel confident that the unique brain amyloid

signatures discussed here are reliable indicators of AD progression in

DS.Our futureworkwill consist of expanding and following our current

sample longitudinally.We expect that the rich longitudinal data set will

help us further confirm our inferences, provide uswith the opportunity

to evaluate amyloid and tau signatures in MCI-DS, and evaluate the

identification of composite biomarkers that predict transitions from

cognitively stable tomild cognitive impairment and eventual dementia.
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