
Appendix A. Supplementary material

Table A.4 provides a list of frequently used acronyms and
their definitions.

Appendix A.1. Oher biomarkers for AD, PD and DLB

This supplementary section contains additional information
regarding the use of additional biomarkers for the diagnosis of
AD, PD, and DLB.

Appendix A.1.1. Methods
As indicated in section 2.1, in some cases additional

biomarkers were used in the diagnostic process. These in-
cluded presynaptic dopaminvergic imaging (DAT SPECT or
Fdopa PET), evalutation of cerebral amylooid deposits with PiB
PET, and analysis of the cerebral spinal fuild (CSF) for Aβ42, t-
Tau, and p-Tau. PiB PET and DAT SPECT or Fdopa PET scans
were evaluated visually by a nuclear medicine physician as part
of a routine clinical investigation.

For CSF, Aβ42 was considered abnormal at > 500 pg/mL,
t-Tau > 350 pg/mL, and p-Tau > 85 pg/mL.

The profile was considered abnormal when t-Tau and/or p-
Tau levels were elevated, and/or Aβ42 levels were decreased.
In a typical AD profile, t-tau and p-tau levels are increased, and
Aβ42 levels are decreased. An elevated p-tau combined with a
decreased Aβ42 can be used to support the diagnosis AD [1]. If
the CSF profile was not typical, PiB PET was usually performed
to confirm the diagnosis.

Appendix A.1.2. Results
All information concerning the biomarkers each cohort is in-

cluded in table A.5. In all subjects, structural imaging was per-
formed (also see section 2.1).

In AD patients in the reference cohort, PiB PET was per-
formed in a total of 13 out of 20 cases, all of which were pos-
itive. In 12 out of 20 cases, CSF analysis was performed. Ten
cases had an abnormal CSF profile, but only 5 had a typical
profile. In the other cases, the profile was not typical (usually
because Aβ42 was borderline-normal). In all of these 10 cases,
a PiB PET was performed, which was positive and could sup-
port the clinical diagnosis. In 2 cases, the CSF was normal. In
one, a PiB PET could also confirm the diagnosis. In one case,

Acronyms Definitions

AD Alzheimer’s Disease
PD Parkinson’s Disease
HC Healthy Control
DLB Dementia with Lewy Bodies
(i)RBD (idiopathic) REM (Rapid Eye Movement) sleep

Behaviour Disorder
SSM/PCA Subprofile Model and Principal Component

Analysis
PDRP Parkinson’s Disease Related Pattern
ADRP Alzheimer’s Disease Related Pattern
LVQ Learning Vector Quantization
GMLVQ Generalized Matrix Learning Vector Quantization

Table A.4: Table of frequently used acronyms and their definitions.

a PiB PET was not performed but the clinical picture was com-
patible with AD and there was a clear progression on clinical
follow-up and neuropsychological evaluation.

In AD patients in the evaluation cohort, PiB PET was per-
formed in most cases (31/36). In all of these cases, there was
abnormal PiB accumulation compatible with AD. In one case,
the clinical diagnosis was AD and no additional biomarker
(CSF or PiB PET) was performed. CSF analysis was performed
in 19/36 cases, and was abnormal in 16 cases. In 3 cases, all
three markers were abnormal; in two of these a PiB PET scan
was also performed, which was indeed compatible with AD. In
13 cases, the CSF profile was not entirely typical (again, usu-
ally because Aβ42 was borderline-normal). In all but one of
those cases, the PiB PET was compatible with AD. In one, it
was not performed.

In patients with DLB, the diagnosis was made mostly on clin-
ical characteristics according to the McKeith criteria [2]. Ad-
ditional biomarkers were applied in the minority (9/23). Presy-
naptic dopaminergic imaging was performed in 5/23 cases (all
5 were abnormal). PiB PET was performed in 7 cases, of which
one was graded abnormal. This could signify a mixed AD-DLB
profile. CSF analysis was performed in 4 cases; 1 was compat-
ible with AD, 1 was uncertain, and 2 were normal.

In PD, presynaptic dopaminergic imaging was performed in
9 out of 20 patients in the reference cohort, and 12/21 in the
evaluation cohort. Per definition, presynaptic dopaminergic
imaging was abnormal in these PD cases.

Appendix A.1.3. Medication status during FDG-PET acquisi-
tion

In PD, there is relative hypermetabolism in the posterior
putamen, globus pallidus, ventral thalamus and dorsal pons. PD
patients are usually treated with levodopa and levodopa therapy
causes a normalization of relative hyperactivation of these ar-
eas. It has also been shown that PDRP z-scores decrease af-
ter levodopa therapy [3]. In our cohort, levodopa was not rou-
tinely withheld during FDG-PET scanning. Therefore, glucose
metabolism might be altered in patients in the ‘on’ versus the
‘off’ levodopa state, which could have influenced our results. In
table A.5, we have indicated how many patients were scanned
‘on’ or ‘off’.

Appendix A.2. Additional GMLVQ results

This supplementary section includes additional results be-
longing to the GMLVQ model(s). In fig. A.8 the average (ob-
tained from the cross-validation procedure, see section 2.5) di-
agonal of the relevance matrix is shown. These values indicate
the relevance of each of the PCs for the classification of AD,
DLB, HC, and PD.

In the fig. A.9 the average eigenvalues and eigenvalues of the
projection plots are provided. These plots show that the first
three contribute most to the discriminative space.

Figure A.10 contains the voxel representation of the third
eigenvector, see section 2.5.1 and section 3.
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Dopaminergic
imaging (n)

PiB PET (n) CSF performed (n) No additional
biomarker

Dopaminergic
medication

PD (n=20) 9 0 0 11 3 ON 17 OFF

AD (n=20) 0 13 (all positive) 12 (10 abnormal) 5 n/a

(a) Reference cohort.

Dopaminergic
imaging (n)

PiB PET (n) CSF performed (n) No additional
biomarker

Dopaminergic
medication

PD (n=21) 12 (all abnormal) 0 0 9 14 ON, 7 OFF

AD (n=36) 0 31 (all positive) 19 (16 abnormal) 1 36 OFF

DLB (n=23) 5 (all abnormal) 7 (1 positive) 4 (2 abnormal) 14 4 ON, 5 OFF, 10 n/a

RBD (n=21)* 17 (9 abnormal) 0 0 n/a 20 OFF

(b) Evaluation cohort.

Table A.5: Additional biomarkers. * For a more thorough description of this cohort we refer to [4, 5].
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Figure A.8: Average diagonal (with standard deviation) of the relevance matrix
(relevance profile). The index on the x-axis match the PCs constructed from the
reference group (section 2.4).
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(a) Average eigenvalues extracted from the ten times repeated ten-fold cross-validation
procedure.
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(b) Eigenvalues resulting from the decomposition of the average relevance matrix.

Figure A.9: Eigenvalues of the cross-validation process and resulting from the
decomposition of the average relevance matrix.
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Figure A.10: Voxel representation (pattern) of the third eigenvector of the relevance matrix constructed by GMLVQ. The values indicate activation above or below
the average healthy control from the reference group (table 1a). To aid visualization, each voxel in these 3D images was z-transformed and overlaid on a T1 MRI
brain template. Images were arbitrarily thresholded at |z > 0.5| to remove near-zero values.
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