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Association of Aβ deposition and regional synaptic density in early Alzheimer’s disease: a PET imaging study with [11C]UCB-J
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Study participants and design
All participants received a positron emission tomography (PET) scan with [11C]Pittsburgh Compound B ([11C]PiB) to determine the presence of brain Aβ accumulation as previously described (1-3). The [11C]PiB PET scan was determined positive if both visual and quantitative criteria were met. Visual criteria were evaluated by an experienced reader (A.P.M), and quantitative criteria required a [11C]PiB cerebral-to-cerebellar distribution volume ratio (DVR) of 1.40 or more in at least 1 AD-affected region of interest (ROI)(2, 3). Using these criteria, all participants with dementia and aMCI were determined to be Aβ+ and all CN participants Aβ-. 

Magnetic resonance imaging
[bookmark: _Hlk19993299]Magnetic resonance imaging (MRI) was performed on a 3T Trio (Siemens Medical Systems, Erlangen, Germany) with a circularly polarized head coil. MR acquisition consisted of a Sag 3D magnetization-prepared rapid gradient-echo (MPRAGE) sequence with 3.34-msec echo time, 2500-msec repetition time, 1100-msec inversion time, 7º flip angle, and 180 Hz/pixel bandwidth. Images are 256x256x176 with a pixel size of 0.98x0.98x1.0 mm. MRI was performed to ensure participants did not show evidence of infection, infarction, or other brain lesions, and was also used to define anatomy, to evaluate atrophy, and to perform partial volume correction (PVC)(4). 
For each participant’s MRI, cortical reconstruction and volumetric segmentation was performed using FreeSurfer [version 6.0, http://surfer.nmr.mhg.harvard.edu/](5). Regions from the FreeSurfer segmentation were used for both PET and MRI analyses performed in native subject space, with cortical regions defined by the Desikan-Killiany atlas (6). We have previously published a list of FreeSurfer regions contained within larger ROIs used for analyses (3).

Partial volume correction
In addition to analysis of uncorrected data, PVC was performed using the Iterative Yang (IY) algorithm, according to previously described procedures (7, 8). IY provides a voxel-based PVC image and corrects all the FreeSurfer segmented regions for partial volume effects. In IY, the correction map for each voxel is updated iteratively and the final correction map is then applied to the original PET image to perform voxel-based PVC. We used 15 iterations for [11C]PiB and 10 iterations for [11C]UCB-J due to slightly different convergence behavior. A 3-mm full width half maximum (FWHM) Gaussian kernel was used (9) and the IY-PVC method was applied to each dynamic frame, which was then resliced into the MR space of each participant. 

Surface-based vertex-wise analysis
For surface-based correlations between Aβ deposition and synaptic density, parametric images of [11C]PiB and [11C]UCB-J were co-registered to native subject space and sampled onto the cortical surface by averaging DVR values across the middle 80% of the cortical ribbon in 10% increments. Surface maps were then transformed to a common (fsaverage) space, and a spatial smooth with a 10 mm FWHM Gaussian kernel was applied prior to statistical analysis on a vertex-wise level using a custom Matlab script. After sampling to the cortical surface, vertex-wise correlations between SV2A binding and global Aβ deposition were also performed with general linear models using FreeSurfer. Permutation was used to correct for multiple comparisons. The cluster-forming threshold was P < 0.01 and the cluster-wise threshold was P < 0.05. 

Validation of conversion from centrum semiovale to cerebellar reference region in [11C]UCB-J PET
A sample consisting of 51 CN participants, 5 aMCI participants, and 6 dementia participants with arterial blood sampling was used to validate the conversion of BPND with a centrum semiovale (CS) reference region to values of DVR with a cerebellar reference region. The 1-tissue compartment (1TC) model was used to calculate DVR with a whole cerebellum reference region, in that DVR = VT[ROI]/VT[cerebellum]. In addition, BPND was calculated using SRTM2 from 0-60 min with either a CS or whole cerebellum reference region. Using the CS reference region, DVR was calculated by conversion as DVR = (BPND[ROI] +1)/(BPND[cerebellum]+1). Correlations between DVR obtained directly from the SRTM2 kinetic model using a whole cerebellum reference region and those computed using the 1TC model and metabolite-corrected arterial plasma curves, as well as those converted from BPND using a CS reference region were preformed (Supplementary Figure 1). 

Statistical analyses
[bookmark: _Hlk21207297]Statistical analyses were performed using SPSS version 21.0 (IBM Corp.), MATLAB R2019b Statistics Toolbox (Mathworks, Inc.), and FreeSurfer [version 6.0].

Comparison of Aβ deposition and synaptic density across diagnostic groups
Separate linear mixed models were used to compare [11C]PiB DVR and [11C]UCB-J DVR across multiple ROIs between CN, aMCI, and dementia groups. [11C]PiB DVR or [11C]UCB-J DVR was the dependent variable, ROI was included as a repeated measure, and diagnostic group (CN, aMCI, or dementia) and ROI were included as independent variables. The best-fitting variance-covariance structure was compound symmetry as determined by the Bayesian information criterion. Post-hoc tests included ANOVAs within each ROI followed by unpaired t-tests for between group comparisons within an ROI. The Benjamini-Hochberg procedure was used to control the false discovery rate (FDR) for multiple comparisons (12 comparisons for ROIs, and 3 comparisons for diagnostic groups). Analyses of group differences in brain Aβ deposition and synaptic density were performed for medial temporal (entorhinal, hippocampus, parahippocampal, amygdala), prefrontal, lateral temporal, posterior cingulate/precuneus, anterior cingulate, lateral parietal, lateral occipital, medial occipital, and pericentral ROIs, as previously described (3). For display, parametric images of DVR for [11C]PiB and [11C]UCB-J were averaged across participant groups, co-registered to a common MNI template, and overlaid on an MNI template T1 MRI.

Association of Aβ deposition and synaptic density
The primary analysis of the association between global Aβ deposition and hippocampal synaptic density in participants with aMCI and dementia was investigated via the use of separate univariate regression analyses for each diagnostic group with correlation coefficients (Pearson r) and associated two-tailed P values reported for each model. For sensitivity analyses, separate multiple linear regression models were fit that also included covariates of age and sex. Fisher z-transformation was used to assess for significant differences in correlation coefficients between the aMCI and dementia groups, with one-tailed P values reported, based on the primary assumption of stronger correlation in aMCI than mild dementia. Global Aβ deposition was determined for a composite of regions commonly affected by Aβ deposition in AD which included: prefrontal, lateral temporal, posterior cingulate/precuneus, and lateral parietal ROIs. 
Exploratory analyses of the association between global Aβ deposition and regional synaptic density, as well as regional Aβ deposition and regional synaptic density in aMCI and dementia groups were investigated using Pearson’s correlation. Fisher z-transformation was used to determine between-group differences in correlation coefficients, with one-tailed P values reported. As these analyses were exploratory, corrections for multiple comparisons were not performed. For display, brain maps of correlations between global Aβ deposition and regional synaptic density, as well as between regional Aβ deposition and regional synaptic density were created by producing images with the voxels in each FreeSurfer region set uniformly to the calculated Pearson r for that region, overlaid on an MNI template TI MRI and masked to include only significant (P < 0.05) correlations. 
After sampling to the cortical surface and applying spatial smoothing (described above in Surface-based vertex-wise analysis), surface-based correlations between synaptic density and Aβ deposition (Pearson r) were calculated on a vertex-wise level using a custom Matlab script in the aMCI and dementia groups. For display, maps of intra-regional surface-based correlations between DVR for [11C]PiB and [11C]UCB-J were created by producing surface maps (in fsaverage space) with Pearson r values mapped to each vertex and masked to include only significant (P < 0.05) correlations. In addition, after sampling to the cortical surface and application of a 10 mm spatial smooth, surface-based correlations between predetermined DVR measures of global [11C]PiB binding and vertex-wise [11C]UCB-J binding were calculated using a custom Matlab script, again restricted to the aMCI and dementia groups. 
	For all of the primary and exploratory analyses described above, similar analyses were preformed using DVR from parametric images of [11C]PiB and [11C]UCB-J that had been partial volume corrected using IY-PVC, as described above in Partial volume correction. 
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