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Abstract

Background: Mild cognitive impairment (MCI) is a clinical cognitive deficit that is not
severe enough to meet the threshold for Alzheimer’'s Disease (AD); however, MCI
patients have an increased risk of developing AD. Therefore, a diagnosis of MCI may
represent a critical turning point in the trajectory of developing AD. Establishing
neurological signatures of MCI using network control theory (NCT) may allow more
informed diagnosis, and an understanding of its underlying mechanisms could pave the
way for novel treatments.

Method: Functional MRI (fMRI) metrics were collected in MCI patients (n = 57, mean
age = 66.68) and healthy controls (HC) (n = 500, mean age = 72.25). The average
structural connectivity matrix was obtained using age-matched controls from the
Human Connectome Project-Aging dataset. Commonly recurring brain states were
identified via k-means clustering of activation matrices over 200 regions using the
Schafer atlas. NCT was used to compute the transition energy (TE): the minimum
energy required to transition between each pair of brain states. The entropy of each
region’s activity was calculated using SampEn, and was then correlated with TE using
Pearson’s correlation. Pairwise/global (average of all brain state pairs) TE and global
entropy (average of all regions) were compared between MCI and HC using ANCOVA
with age and sex as covariates.

Result: The brain states identified via k-means clustering were high and low amplitude
activity in the visual, somatomotor, and limbic networks (Figure 1). While there were no
significant differences in pairwise or global TE between MCl and HC (Figures 2-3), MCI
had significantly lower global entropy than HC. ANCOVA revealed that increased age
is associated with increased entropy. Pearson correlation showed a significant inverse
relationship between global TE and entropy across individuals (r = —0.13) (Figure 3).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Alzheimer’s Association. Alzheimer’s & Dementia published by Wiley Periodicals LLC on behalf of Alzheimer’s Association.

Alzheimer’s Dement. 2024;20(Suppl. 2):e087627.
https://doi.org/10.1002/alz.087627

wileyonlinelibrary.com/journal/alz | 1of4


mailto:dln56@cornell.edu
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/alz
https://doi.org/10.1002/alz.087627

20f4 Alzheimer’s C‘J’ Dementia BIOMARKERS

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Conclusion: Entropy of brain activity measured with fMRI is a promising neuroimaging
biomarker of MCI, which is often underdiagnosed or diagnosed with delay. Future work
will investigate regional entropy reduction patterns between MCI and AD patients to
establish the use of these metrics in disease progression, and to get a more detailed

picture of brain activity changes in individuals with these diagnoses.
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Figure 1: Brain plots and radial plots used to visualize the most recurring brain states.
The radial plots show the mean of the positive and negative brain-state values over the Yeo
functional network. States were named based on the network having the maximum mag-
nitude in the radial plot. Vis (VIS): Visual, DorsAttn (DAT): Dorsal Attention, SomMot
(SOM): Somatomotor, SalVentAttn: Salience Ventral Attention, Cont (CON): Control,
Limbic (LIM): Limbic, Def (DEF): Default
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Figure 2: (A) The Pearson’s correlation coefficient showing the correlation between age
and each pairwise TE. (B) The statistics obtained from Student’s t-test comparing the
pairwise TE between females and males (negative values indicate higher TE metrics in males
compared to females). (C) The effect size obtained with ANCOVA where the pairwise TE
was compared between MCI vs HC while controlling age and sex (negative values indicate
higher TE metrics in HC compared to MCI).
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Figure 3: Boxplots comparing global transition energy (top left) and global entropy (top
right). Scatterplot showing the correlation between global transition energy and global
entropy (r = —0.113, p = 0.008).
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