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Figure S1. Probability of estimated edges for the left hemisphere. The upper right part provides the raw
probability of each edge to exist. The lower left part indicates the selected edges exceeding the threshold of
Pavg > 0.5.
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Figure S2. Partial correlation matrix for amyloid-β deposition and glucose metabolism in the left
hemisphere estimated for the combined data of EMCI, LMCI and AD patients. Averaged over ten
repetitions. Associations of lowest magnitude were not present in all iterations.
EMCI/LMCI: early and late amnestic mild cognitive impairment, AD: Alzheimer’s dementia, amy:
amyloid-β, metab: glucose metabolism.
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Figure S3. Partial correlation matrix for glucose metabolism and gray matter volume in the left
hemisphere estimated for the combined data of EMCI, LMCI and AD patients. Averaged over ten
repetitions. Associations of lowest magnitude were not present in all iterations.
EMCI/LMCI: early and late amnestic mild cognitive impairment, AD: Alzheimer’s dementia, metab: glucose
metabolism, vol: gray matter volume.
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Figure S4. Partial correlation matrix for amyloid-β deposition and gray matter volume in the left
hemisphere estimated for the combined data of EMCI, LMCI and AD patients. Averaged over ten
repetitions. Associations of lowest magnitude were not present in all iterations.
EMCI/LMCI: early and late amnestic mild cognitive impairment, AD: Alzheimer’s dementia, amy:
amyloid-β, vol: gray matter volume.
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Figure S5. Comparison of weighted clustering coefficient stratified by brain region, diagnostic group and
modality for the partial correlation matrices of the left hemisphere. Averaged over ten repetitions.
CN: cognitively healthy elderly controls, EMCI/LMCI: early and late amnestic mild cognitive impairment,
AD: Alzheimer’s dementia, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.
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Figure S6. Comparison of characteristic path length stratified by brain region, diagnostic group and
modality for the partial correlation matrices of the left hemisphere. Averaged over ten repetitions.
CN: cognitively healthy elderly controls, EMCI/LMCI: early and late amnestic mild cognitive impairment,
AD: Alzheimer’s dementia, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.
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Figure S7. Comparison of small-world coefficient stratified by brain region, diagnostic group and modality
for the partial correlation matrices of the left hemisphere. For better readability, individual values were
upscaled by a factor of 1,000. Averaged over ten repetitions.
CN: cognitively healthy elderly controls, EMCI/LMCI: early and late amnestic mild cognitive impairment,
AD: Alzheimer’s dementia, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.

7



Dyrba et al. Conditional dependency networks in AD

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●●●

●

●

●

●
●
●

●

●

●

●
●
●

●

●

●

●●●●

●

●

●

●
●
●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●
●
●

●

●

●

●●●

●

●

●

●

●

●●●

●
●

●●●
●

0.
0

0.
2

0.
4

0.
6

C
lu

st
er

in
g 

co
ef

fic
ie

nt

●●●●●

●

●

●●●●●
●

●

●

●

●

●
●●

Comparison of graph statistics (right hemisphere, 10x repeated)

●●●●●●●●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

CN
EMCI
LMCI
AD

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●
●

●

●

●●

●

●●

●

●

●

●

●

●
●

●

●●

●

●

●
●

●

8
10

12
14

16
18

C
ha

ra
ct

er
is

tic
 p

at
h 

le
ng

th

●● ●
●
●
●●
●●●●●

●

●
●
●
●●
●●●●
●

●

●●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●

●

●

●

●
●●●●
●●●●
●

●●●●●
●●●

●

●

●
●

●

●

●●

●

●

●
●

●

●

●
●●

●

●

●●●●

●

●

●●

●

●

●
●

●

●
●

●

●

●

●
●

●●

●

●

●

●●

●

●

●

●

●

●●

●

●

●●

●

●

●●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●●

●●

●

0.
00

0.
02

0.
04

0.
06

S
m

al
l−

w
or

ld
 c

oe
ffi

ci
en

t

am
y C

N

am
y E

M
CI

am
y L

M
CI

am
y A

D

●
●●●
●

●
●
●●●

m
et

ab
 C

N

m
et

ab
 E

M
CI

m
et

ab
 L

M
CI

m
et

ab
 A

D

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●
●
●
●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●●

●

●

●

●
●

●

●

●●

●

●

●

●
●

●

●

●
●

vo
l C

N

vo
l E

M
CI

vo
l L

M
CI

vo
l A

D

Figure S8. Comparison of graph statistics for the partial correlation matrices of the right hemisphere
stratified by diagnostic group and image modality. Estimates based on Gaussian graphical models using
multimodal neuroimaging data. The distribution of the weighted clustering coefficient, characteristic
weighted path length, and small-world coefficient for individual brain regions is shown. Boxes display median,
first and third quartile of the distributions, and whiskers indicate ±1.5×interquartile range.
CN: cognitively healthy elderly controls, EMCI/LMCI: early and late amnestic mild cognitive impairment,
AD: Alzheimer’s dementia, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.
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Figure S9. Comparison of graph statistics for the Pearson correlation matrices of the left hemisphere
stratified by diagnostic group and image modality. The distribution of the weighted clustering coefficient,
characteristic weighted path length, and small-world coefficient for individual brain regions is shown. Boxes
display median, first and third quartile of the distributions, and whiskers indicate ±1.5×interquartile range.
Prior to calculating the graph measures, the correlation matrices were thresholded such that correlations
with p > 0.05, i.e. approximately r < 0.12, were set to zero.
CN: cognitively healthy elderly controls, EMCI/LMCI: early and late amnestic mild cognitive impairment,
AD: Alzheimer’s dementia, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.
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Table S1. P-values for the comparison of graph statistics based on Pearson correlation (Figure S9).

Amyloid-β Metabolism Volume
EMCI LMCI AD EMCI LMCI AD EMCI LMCI AD

Clustering coefficient CN < 0.001 < 0.001 0.575 < 0.001 0.759 < 0.001 < 0.001 0.103 < 0.001
EMCI < 0.001 < 0.001 < 0.001 0.973 < 0.001 < 0.001
LMCI < 0.001 < 0.001 0.020

Path length CN 0.013 < 0.001 0.026 < 0.001 0.051 < 0.001 < 0.001 < 0.001 < 0.001
EMCI 0.437 0.996 0.113 0.857 < 0.001 < 0.001
LMCI 0.315 0.464 < 0.001

Small-world coefficient CN < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
EMCI 0.085 0.991 0.004 0.797 < 0.001 < 0.001
LMCI 0.040 0.055 < 0.001

Adjusted P-values from Tukey’s honest significant difference tests, controlling for family-wise error rate within each comparison block. CN:
cognitively normal controls, EMCI/LMCI: early/late amnestic mild cognitive impairment, AD: Alzheimer’s dementia.

Table S2. Analysis of variance (ANOVA) results for the graph statistics for the partial correlation networks in Figure 9.

F-statistic P-value Effect size η2

Clustering coefficient amy 5.6 0.001 0.07
metab 6.2 < 0.001 0.08

vol 4.6 0.004 0.06
Characteristic path length amy 5.1 0.002 0.07

metab 12.8 < 0.001 0.15
vol 11.8 < 0.001 0.14

Small-world coefficient amy 5.6 0.001 0.07
metab 8.6 < 0.001 0.11

vol 4.1 0.007 0.06

df=215 for all models, amy: amyloid-β, metab: glucose metabolism, vol: gray matter volume.
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