
 

New computational model proposed for
Alzheimer's disease
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Surface renderings of glucose eigenbrains. Eigenbrain decomposition of glucose
uptake in 423 Alzheimer’s patients reveals a low-dimensional set of large-scale
patterns that explain 51% of the variance among patients. Surface renderings of
median, interquartile range (IQR), and eigenbrain (EB) intensities for the first 10
eigenbrains are displayed. The percentage of variance explained by each is listed
to the right of the color bar of arbitrary units. Credit: Nature Communications
(2022). DOI: 10.1038/s41467-022-29047-4
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Mayo Clinic researchers have proposed a new model for mapping the
symptoms of Alzheimer's disease to brain anatomy. This model was
developed by applying machine learning to patient brain imaging data. It
uses the entire function of the brain rather than specific brain regions or
networks to explain the relationship between brain anatomy and mental
processing. The findings are reported in Nature Communications.

"This new model can advance our understanding of how the brain works
and breaks down during aging and Alzheimer's disease, providing new
ways to monitor, prevent and treat disorders of the mind," says David T.
Jones, M.D., a Mayo Clinic neurologist and lead author of the study.

Alzheimer's disease typically has been described as a protein-processing
problem. The toxic proteins amyloid and tau deposit in areas of the
brain, causing neuron failure that results in clinical symptoms such as 
memory loss, difficulty communicating and confusion.

However, the relationship between clinical symptoms, patterns of brain
damage and brain anatomy is not clear. People also can have more than
one neurodegenerative disease, making diagnosis difficult. Mapping
brain behavior with this computational model may give new perspective
to clinicians.

The new model was developed using brain glucose measurements from
fluorodeoxyglucose positron emission tomography (FDG-PET)
performed on 423 study participants who are cognitively impaired and
involved with the Mayo Clinic Study of Aging and the Mayo Clinic
Alzheimer's Disease Research Center. FDG-PET is an imaging test that
shows how glucose is fueling parts of the brain. Neurodegenerative
diseases, such as Alzheimer's disease, Lewy body dementia and 
frontotemporal dementia, for example, have different patterns of
glucose use.
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The model compresses complex brain anatomy relevant for dementia
symptoms into a conceptual, color-coded framework that shows areas of
the brain associated with neurodegenerative disorders and mental
functions. Imaging patterns shown in the model relate to the symptoms
patients experience.

The predictive ability of the model for changes associated with
Alzheimer's physiology was validated in 410 people. Additional
validation was obtained by projecting a large amount of data from
normal aging and dementia syndromes targeting memory, executive
functions, language, behavior, movement, perception, semantic
knowledge and visuospatial abilities.

The researchers found that 51% of the variances in glucose use patterns
across the brains of patients with dementia could be explained by only
10 patterns. Each patient has a unique combination of these 10 brain
glucose patterns that relate to the type of symptoms they experience. In
follow-up work, Mayo Clinic's Department of Neurology Artificial
Intelligence (AI) Program, which is directed by Dr. Jones, is using these
10 patterns to work on AI systems that help interpret brain scans from
patients who are being evaluated for Alzheimer's disease and related
syndromes.

"This new computational model, with more validation and support, has
the potential to redirect scientific efforts to focus on dynamics in
complex systems biology in the study of the mind and dementia rather
than primarily focusing on misfolded proteins," Dr. Jones says.

"If the mental functions relevant for Alzheimer's disease are performed
in a distributed manner across the entire brain, a new disease model like
what we are proposing is needed. We think this model can potentially
impact diagnostics, treatments and the fundamental understanding of
neurodegeneration and mental functions in general."
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  More information: D. Jones et al, A computational model of
neurodegeneration in Alzheimer's disease, Nature Communications
(2022). DOI: 10.1038/s41467-022-29047-4
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