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Advanced atrophy in MCI & Alzheimer’s disease
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Healthy aging — Characteristic atrophy patterns

= complex & characteristic

atrophy patterns over time E‘
L
T
(=1
=
a
i
(e
e
@
= with interindividual variability o
%)
0.55+ =
. AN
'.|:-' - c_ts
e FLIS, -
.:!IE"—: il ‘e g
- ';'ti'. NIl " c
— 2an - W
': 0.5+ !?;t;;.l.t‘:. .o §
o oo tag 1_! g !;- . ~ 50 years 60 years
E ..I'.. 5 i o
= £ b i .
0 2 Vet Sed b
=] en me #
B & ® ,‘ " s Fuw M. ': ' E .
= 045" ol e e T S 0.0 |
1] | ) . - - .85 - g )
E " & - - E
= S 01t
o 3
0 _E 02k = Frontal
| % -£) Parietal
D_d’ g 03L -4\ Temporal
| . | == Occipital
20 30 40 50 60 70 80 -0.4 1 3 5

AQ‘E {YFS) (Good et al., 2001) (Resnick et al., 2003) Assessment



Brain atrophy in Alzheimer’s dementia

(Advanced) age-related atrophie
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Prediction based on healthy brain aging

Baseline data (structural MR image)

!

Individual prediction: AD, MCI, or healthy?

N

Typical approach: classification of BrainAGE approach: deviation from
disease-specific atrophy patterns normal aging-related atrophy patterns
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Modeling of structural brain aging

complex & characteristic atrophy patterns
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Pattern recognition / Machine-learning
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Support Vector Regression Relevance Vector Regression
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> Bayesian approach
» crossvalidation NOT necessary
» Sparse



Preprocessing of MR images
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Identification of individual atrophy patterns

Modeling of normal

brain aging

[with Relevance Vector Regression
(RVR; Tipping, 2000)]

(1a) training data: MRI & age
(healthy subjects)
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Ly, 1b) Multivariate pattern recognition:
modeling healthy brain aging
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Identification of individual atrophy patterns

Modeling of normal Estimation of individual
brain aging “brain age”
[with Relevance Vector Regression [complex individual brain structure
(RVR; Tipping, 2000)] IS aggregated into one number}]

(2a) Input: test data (MRI)

(1a) training data: MRI & age
(healthy subjects)

L1 Lo Ly, (1b) Multivariate pattern recognition:
modeling healthy brain aging
\/

(2b) Output: estimated brain age
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Example
Chronological age: 68 years

Estimated age: 78 years
= BrainAGE score-

Deviation from the individual age-related

atrophy pattern?

I BrainAGE score = estimated — chronological age I

A
o =>» BrainAGE score > 0
@ | | = accelerated brain aging
c
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estimated

=>» BrainAGE score = 0
=>» healthy brain aging

—

chronological age
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r=0.92

MAE (mean absolute error) = 4.98 years
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Pipeline for BrainAGE approach in CAD Dementia

> MRI preprocessing with voxel-based morphometry [affine registration, smoothing
with (1) 4mm & (i1) 8mm FWHM smoothing kernels]

» Modeling of structural brain aging with 561 healthy subjects [aged 20-86 years]

» BrainAGE estimation with (i) linear combination of GM + WM images & (i1) WM
images

Normalisation




[BrainAGE score = estimated — chronological age]
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Thresholds for individual classification

[BrainAGE score = estimated — chronological age]
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=» Classification accuracy in CAD Dementia training sample: 90%b
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BrainAGE score (years)
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Control T2DM

Box plots of BrainAGE scores for controls and patients with
type 2 diabetes mellitus (T2DM). The BrainAGE scores
differed between groups, with mean (x SD) BrainAGE
scores of 0.0 £ 6.7 years in healthy controls and 4.6 + 7.2
years in T2DM subjects (P<0.001). Gray boxes contain the
values between the 25th and 75th percentiles of the
groups, including the median (dashed line). Lines
extending above and below each box symbolize data
within 1.5 times the interquartile range (outliers are
displayed with a +). Width of the boxes indicates the
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Years between baseline and follow-up MRI

Longitudinal changes in BrainAGE scores for control subjects (blue) and T2DM patients
(red). Thin lines represent individual changes in BrainAGE over time; thick lines indicate
estimated average changes for each group. The change in BrainAGE over time was
dependent upon group, providing preliminary longitudinal evidence that T2DM accelerates
brain aging. 20




Alters-abhangige und Krankheits-spezifische Atrophie bei Alzheimer Demenz

BRI RODHIAET
>RSI 3

(Dukart et al., 2013)
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