Energy landscape analysis of age-related changesin the human brain
Takahiro EzakKi, Michiko Sakak#, Takamitsu WatanaBeand Naoki Masuda

'PRESTO, JST, 4-1-8 Honcho, Kawaguchi, Saitama, Japan
2School of Psychology and Clinical Language Sciences, Wsityeof Reading,
Earley Gate, Whiteknights Road, Reading, United Kingdom
3Institute of Cognitive Neuroscience, University Collegenidon,
17 Queen Square, London, WC1N 3AZ, United Kingdom
“Department of Engineering Mathematics, University of BiisClifton, Bristol, United Kingdom

Executive cognitive functions of humans are known to de- larger in the younger adults, in both of the two networks.
cline with aging. Such functions are considered to be gener- We found that the behavioral performance of individuals
ated by well-coordinated activity patterns of neural signa  was significantly correlated with the efficiency score at the
in the brain. In the present study, we applied the so-called CON in the younger adults and at the DMN in the older
energy landscape analysis (ELA; schematically shown in adults. These results support the hypothesis [4] thagrdiff
Fig. 1) [1, 2] to resting-state fMRI signals obtained from ently from younger adults, older adults heavily rely on the
healthy younger and older adults [3] and analyzed activity DMN for cognitive functions rather than on the CON.
patterns in the so-called default mode network (DMN) and
the cingulo-opecular network (CON), each of which was

specified by a particular set of regions of interest (ROIS). Actvty pafier
ELA binarizes the signal inte = —1 (inactive) oro = +1 E§§§ DAcive ROl
(active) at each ROI at each time point (Fig. 1). If a network Rl
containsN nodes, the activity pattern at each time point is
represented by one of t1%' possible activity patterns, de-
noted byo = (0y,...,0n). -

The frequency of occurrence of each activity pattern is Ty

fitted by the Boltzmann distribution given by,
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Using this energy value, the dynamics of the activity pat- Figure 1: Schematic representation of the dynamics of the
tern is mapped to the motion of a “ball” constrained on an  prain activity pattern constrained on an energy landscape.
energy landscape (Fig 1).

In both networks ELA revealed that two synchronized
patterns (|.e.,.the p_attern in which all the _ROIs_ were active [1] T. Watanabe, N. Masuda, F. Megumi, R. Kanai, and G. R,
s+, and that in which all the ROIs were inactive, ) ap- Comm. 5, 4765 (2014).
peared most frequently, and that the duration of these ac-
tivity patterns were significantly longer in the youngerrtha [2] T. Ezaki, T. Watanabe, M. Ohzeki, and N. Masu@ail. Trans.
older adults. To further analyze the dynamics, we defined R. Soc. A (in press).
the “attractive basin” of., (s_), denoted by (b—), based  [3] Nathan Kline Institute’s Rockland Sample
on the energy values of the activity patterns calculated by (http://fcon1000.projects. nitrc.org/indi/pro/nki.html)
ELA (Fig. 1). Other activity patterns were defined to be
botners- ONe of these five labels was assigned to each of th
2N activity patterns.

We found that the transition rate betweenands_ was
significantly higher for the younger than older adults baoth i
the DMN and CON. Next, we calculated the rate of periph-
eral transitions betwedn. andb_ that did not contribute to
transitions between, ands_ (i.e., the rate of transitions
betweerb, andb_ subtracted by the rate of transitions be-
tweens, ands_) . The peripheral transitions were more
frequent in the older than younger adults in the DMN (but
the difference was not significant in the CON).

We defined an indicator for the ease of transitions be-
tweens, ands_, called an efficiency score, by the rate of
transitions betweer, ands_ divided by the rate of pe-
ripheral transitions. The efficiency score was significantl

E4] D. Maillet and D. SchacterJrends Cogn. Sci. 20, 20142016
(2016).



