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Abstract
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This talk is a summary of my research over the last ten

years on the topic of EEG processing and classification to

support early diagnosis of Alzheimer's Disease (AD) and

Mild Cognitive Impairment (MCI), which is an intermediate

state between healthy aging and the dementia caused by

AD. It is very important to properly diagnose and follow

patients with MCI since they are a group at risk of

developing dementia and may or may not evolve to AD.

Although AD is progressive and so far an incurable

disease, early diagnosis is crucial to introduce medication

and treatment that can delay the disease progression and

improve the quality of life of MCI and AD patients.



Current research partners in AD-EEG
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• Dr. Renato Anghinah (since 2009)
• FMUSP, research group of Prof. Ricardo Nitrini (coauthor of

the study on cover of latest Pesquisa FAPESP magazine)

• Prof. Tiago H. Falk (since 2010)
• INRS-EMT, University of Quebec, Montreal, Canada

• Profa. Ruth F. Santos-Galduroz (since 2011)
• Biociências UNESP, Rio Claro, SP

• Profa. Natalie A. Philips (since 2012)
• Psychology, Concordia University, Montreal, Canada

• Profa. Marcia Regina Cominetti (since 2018)
• Gerontologia UFSCar, São Carlos, SP

• Prof. Claudio Babiloni (since 2019)
• Human Physiology, Sapienza University of Rome, Italy



Dementia and AD incidence
• Dementia

• Alzheimer’s disease (AD) accounts for 60-80% of 
dementia cases worldwide
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Need for early diagnosis
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Pathophysiological biomarkers
• CSF biomarkers and 

amyloid PET 
• Beta amyloid plaques

– “Sticky” protein fragments that 
are normally broken down and 
eliminated

– AD: accumulate and block cell 
signaling/blood flow

• Neurofibrillary tangles
– Microtubule transports 

nutrients through nerve cell →
tau protein abnormal with AD
causes their collapse
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EEG-based topographical markers

• CSF, PET and fMRI: Invasive, expensive equipment

– Low-income countries, rural and remote areas (?!?)

• EEG: Non-invasive, less expensive equipment

– could be better suited to reveal functional impairment 
as it reflects the electrical activity of neural tissue
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Classical AD/MCI-EEG Findings
Resting-state EEG

Resting-awake, eyes-closed

• “Slowing” of the EEG:
increase in EEG low-
frequency power and 
decrease in alpha/beta

• Inter-hemispheric 
disconnect (alpha/beta)

• Non-linear dynamics: 
decrease in complexity 
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ERP’s – P300
• P300: lower amplitude, 

longer latency

Task-oriented EEG



Resting-state or Task-oriented AD-EEG?

• Which one is better for early AD diagnosis 
support: Resting-state or Task-oriented EEG?

• Advantages of resting-state EEG:
– Default Mode Network (DMN) disrupted in AD
– Difficulty for AD patients to perform tasks

• Advantages of task-oriented EEG:
– Memory and cognitive decline in AD
– Focus on MCI patients (early diagnosis)
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Our AD/MCI-EEG Findings

• We (I and my research partners ) used
both resting-state and task-oriented 
AD-EEG

• My view on EEG processing research:

1. First you go to traditional techniques

2. After, you can go to novel techniques
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“Traditional” resting-state AD-EEG publications
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Novel resting-state AD-EEG technique
Amplitude Modulation Features

: Percentage energy of band i modulated by band j 𝑖 ≥ 𝑗



AD-EEG amplitude modulation publications



“Traditional” task-oriented AD-EEG publications



15

“Traditional” task-oriented AD-EEG



N-back working memory task
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Match trialNon-match trials



ERP results

Grand average ERP at electrode P4 for the 1-back non-match task. Significant 

ERD % differences are highlighted in yellow (HE vs. AD and HE vs. MCI)

P450: working 
memory update



ERS/ERD results

Grand average ERD on alpha band at TP7 (2-back match task, HE vs. MCI)
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Novel task-oriented AD-EEG technique
(yet unpublished)



• Traditional technique for task-oriented EEG:

– Use of classic ERP and/or ERS/ERD

– Focus only on post-stimulus period

• Novel technique for task-oriented EEG:

– Use of LORETA resting-state analysis

– Focus on both pre- and post-stimulus periods
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Novel task-oriented AD-EEG technique
(yet unpublished)



Working  Memory  Epochs  (WME) Event-Related Epochs  (ERE)

CSD: Current Source Density

Novel task-oriented AD-EEG technique
(yet unpublished)
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• Feature extraction for machine learning prediction (SVM classifier)

• The CSD of Brodmann regions containing the top 30% most different voxels 

(HE x MCI) for each band and condition (WME and ERE) formed the features

• WME contained 80 features and ERE contained 42 features

• 25% of participants were separated just for feature selection

• 31-fold cross-validation results on the remaining 75% of participants

Novel task-oriented AD-EEG technique
(yet unpublished)



FAPESP grants for my AD-EEG research

✓ 2011/21385-2 (BPE)

✓ 2012/14793-0 (Publications)

✓ 2015/09510-7 (Regular)

✓ 2017/15243-7 (Regular)

✓ 2018/03655-1(BPE)

Thanks!


