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Introduction
The transition from normal age-related cognitive decline to more severe 

conditions like Alzheimer’s disease is often marked by a stage known as Mild 
Cognitive Impairment (MCI). Understanding this transition is crucial for early 
diagnosis and intervention. Recent advances in neuroimaging techniques 
have enabled scientists to gain deeper insights into the brain's functional 
complexity, particularly in how it relates to the lateralization of brain activity 
in MCI and Alzheimer's. This explores how multiscale lateralized brain 
entropy can be used to study the brain's functional intricacy, offering valuable 
perspectives on the brain mechanisms behind cognitive decline and disease 
progression. Brain functional complexity refers to the intricate patterns of 
activity and networks that support cognitive processes. In healthy individuals, 
the brain maintains a balanced and flexible organizational structure. However, 
this complexity may be disrupted in conditions like MCI and Alzheimer's. 
Focusing on changes in brain complexity offers a new way of understanding 
the underlying brain processes in these conditions. A powerful tool called 
multiscale brain entropy analysis allows researchers to examine brain activity 
patterns across different scales, from local to global. In this context, entropy 
measures the level of unpredictability or variation in brain signals, with higher 
levels of entropy suggesting more complex and varied brain activity [1].

Description
By investigating entropy across various scales, researchers can capture 

both local and global patterns of brain complexity. Lateralization refers to the 
specialization of certain mental functions to one hemisphere of the brain. 
While some degree of lateralization is normal, disruptions or changes in these 
patterns can indicate cognitive impairment. Examining lateralization in the 
context of Mild Cognitive Impairment (MCI) and Alzheimer's Disease (AD) 
offers valuable insights into how brain networks are affected asymmetrically, 
potentially providing biomarkers for early diagnosis and intervention. 
Studies have shown that individuals with MCI and AD often exhibit altered 
complexity patterns in specific brain regions, suggesting impaired brain 
processing. These changes are often lateralized, with one hemisphere 
showing more significant alterations than the other. As MCI progresses 
to AD, these lateralization patterns tend to shift. Early stages of MCI may 
present subtle lateralization changes, while advanced AD stages often show 
more pronounced disruptions, particularly in areas crucial for memory and 
executive functions. Multiscale lateralized brain entropy analysis has shown 
promise as a predictive biomarker for disease progression. By examining 
these lateralization patterns, researchers can identify individuals at higher risk 
of transitioning from MCI to AD, facilitating early interventions and tailored 
treatment strategies.

The relationship between amyloid-beta, tau pathology and synaptic 
breakdown directly influencing brain communication and lateralization is a 
crucial concept. 

One effective way to measure brain function is through the concept of brain 
entropy. Entropy, in this context, is a measure of the randomness or disorder 
within a system. In the brain, entropy reflects the complexity and variability of 
neural activity. Higher entropy is associated with greater functional complexity, 
adaptability and a more flexible response to external stimuli. Brain entropy 
can be quantified using various neuroimaging techniques, such as functional 
Magnetic Resonance Imaging (fMRI) and Electroencephalography (EEG), 
offering valuable insights into the brain’s dynamics, information processing 
and functional network architecture. Lateralization of brain function refers 
to the specialization of certain cognitive processes in one hemisphere over 
the other. For example, language processing is generally associated with the 
left hemisphere, while spatial and visuospatial abilities are more commonly 
linked to the right hemisphere. Although lateralization plays an important 
role in brain function, it is crucial to recognize that many cognitive processes 
rely on interactions between both hemispheres. The balanced integration of 
lateralized functions contributes to overall cognitive abilities [2].

Conclusion
The brain exhibits movement at multiple scales, both geographically 

and temporally. Studying mental entropy across a range of scales—from 
milliseconds to minutes and from localized brain areas to the entire brain 
network—offers insights into its complexity and functionality. This approach, 
known as multiscale examination, allows scientists to understand how the 
brain operates at different levels and how beneficial complexity may promote 
healthy brain activity. When researching conditions like Mild Cognitive 
Impairment (MCI), tracking changes in brain entropy over time, particularly 
in the lateralized brain regions, can provide valuable information. Observing 
these shifts in lateralization could shed light on the underlying mechanisms 
of the disease, as well as offer early indicators of cognitive decline. Studies 
suggest that as individuals transition from MCI to more advanced stages of 
cognitive decline, changes in lateralized brain activity may occur. These shifts 
could either reflect the brain's adaptation to decline or represent compensatory 
mechanisms attempting to maintain cognitive function.
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