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Objetivos

A proposta do projeto é avaliar a
conectividade funcional cerebral em pacientes
com Comprometimento Cognitivo Leve (CCL)
utilizando imagens de ressonancia magnética
funcional em estado de repouso (rs-fMRI).
Especificamente, busca-se analisar as
correlagdes entre as séries temporais de
diferentes regides de interesse (ROIs) e
paradmetros de grafos das mesmas regides que
possam diferenciar pacientes de controles
saudaveis. O intuito final é contribuir para o
avanc¢o no diagnostico em estagios iniciais do
comprometimento  cognitivo, auxiliando no
monitoramento e tratamento da Doenga de
Alzheimer (DA).

Métodos e Procedimentos

O presente estudo utilizou dados do
banco de imagens OASIS-3. A selegdo dos
participantes foi realizada com base nas
avaliagées Clinical Dementia Rating (CDR) e
Mini-Mental State Examination (MMSE). Os
grupos de estudo incluiram 44 pacientes com
diagnostico de CCL (75 £ 8 anos; 26 homens e
18 mulheres; CDR = 1) e 40 participantes para
0 grupo controle (77 + 7 anos; 26 homens e 14
mulheres; CDR = 0), todos com imagens
BOLD-fMRI adquiridas durante o repouso e

imagens ponderadas em T1 de alta resolugao
para referéncias anatémicas.

As imagens foram adquiridas em
scanners 3T da Siemens, com parametros
especificos para garantir a qualidade das
imagens. O pré-processamento das imagens
foi realizado utilizando o toolbox CONN,
seguindo um pipeline padrdo que inclui a
remocdo das primeiras cinco imagens para
estabilizagdo do sinal, realinhamento funcional,
corregdo de tempo de corte, identificacdo de
outliers, segmentacao e normalizagéo direta, e
suavizagao funcional [1]. Apos o]
pré-processamento, as imagens foram
submetidas a uma etapa de denoising para
remover ruidos e potenciais fatores de
confuséo.

A analise de conectividade funcional foi
realizada utilizando um Modelo Linear Geral
(GLM) ponderado, focando nas interacées
entre ROIs dentro do cérebro. Os resultados
foram obtidos através de uma analise de
segundo nivel, comparando padroes de
conectividade funcional entre os grupos de
pacientes e controles, com a inclusdo de
variaveis como idade e sexo para controle.
Adicionalmente, foi conduzida uma andlise de
grafos para examinar as propriedades
topologicas das redes de conectividade
cerebral [2]. Diferengcas entre grupos foram
consideradas estatisticamente significantes
para p < 0.05, corrigido para multiplas
comparacdes (false discovery rate, FDR).
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Resultados

A analise revelou diferencas
significantes na conectividade funcional entre
os grupos de pacientes com CCL e os
controles saudaveis (Figura 1). Em particular,
foram observadas reducbes da conectividade
entre regibes criticas, como o giro
supramarginal, talamo e coértex fusiforme.
Essas regides estdo fortemente associadas a
fungbes cognitivas importantes, como memoria,
processamento sensorial, e controle motor [3].
Além disso, a analise de grafos mostra uma
reducéo na eficiéncia global da rede cerebral e
no grau de conectividade dessas regides nos
pacientes com CCL, o que indica que a
capacidade de integragdo e comunicagao
eficiente entre diferentes regides cerebrais esta
comprometida neste grupo [4].

Os resultados também indicaram uma
diminuicdo no "custo" das redes cerebrais,
pacientes com CCL mostraram um menor
numero de conexdes funcionais ou uma
reducdio na forca dessas conexdes,
especialmente em regides associadas ao
processamento motor e a integragédo sensorial,
como talamo e o caudado.
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Figura 1: Regides com conectividade funcional
reduzida em pacientes com CCL comparados aos
controles saudaveis.

Conclusoes

Os resultados indicam que a
conectividade funcional cerebral, avaliada por
meio de rs-fMRI e métodos de grafos,
apresenta potencial como biomarcador de
estagios iniciais de deméncia. As alteracbes
observadas nas redes cerebrais dos pacientes
com CCL podem contribuir para uma melhor
compreensao dos mecanismos subjacentes a
progressao da doenca e para O
desenvolvimento de novas estratégias de
intervencgao.
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Objectives

The aim of this project is to assess
brain functional connectivity in patients with
Mild  Cognitive Impairment (MCI) using
resting-state functional magnetic resonance
imaging (rs-fMRI). Specifically, the study seeks
to analyze the correlations between the time
series of different regions of interest (ROIs) and
graph parameters of these regions that may
distinguish patients from healthy controls. The
ultimate goal is to contribute to the
advancement of diagnostic methods in the early
stages of cognitive impairment, aiding in the
monitoring and treatment of Alzheimer's
Disease (AD).

Materials and Methods

This study used data from the OASIS-3
image database. Participants were selected
based on Clinical Dementia Rating (CDR) and
Mini-Mental ~ State  Examination (MMSE)
assessments. The study groups included 44
patients diagnosed with MCI (75 + 8 years; 26
men and 18 women; CDR = 1) and 40
participants for the control group (77 + 7 years;
26 men and 14 women; CDR = 0), all with
BOLD-fMRI images acquired during rest and
high-resolution  T1-weighted images for
anatomical reference.

The images were acquired on Siemens
3T scanners, with specific parameters to ensure
image quality. Preprocessing was performed
using the CONN toolbox, following a standard
pipeline that includes removal of the first five

images for signal stabilization, functional
realignment, slice-time correction, outlier
detection, segmentation and direct

normalization, and functional smoothing [1].
After preprocessing, the images underwent a
denoising step to remove noise and potential
confounding factors.

Functional connectivity analysis was
conducted using a weighted General Linear
Model (GLM), focusing on interactions between
ROIs within the brain. Results were obtained
through a second-level analysis, comparing
functional connectivity patterns between patient
and control groups, with variables such as age
and sex included as controls. Additionally, a
graph analysis was performed to examine the
topological properties of brain connectivity
networks [2]. Differences between groups were
considered statistically significant for p < 0.05,
corrected for multiple comparisons (false
discovery rate, FDR).

Results

The analysis revealed significant
differences in functional connectivity between
the groups of MCI patients and healthy controls
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(Figure 1). Specifically, reduced connectivity
was observed between critical regions, such as
the supramarginal gyrus, thalamus, and
fusiform cortex. These regions are strongly
associated with important cognitive functions
such as memory, sensory processing, and
motor control [3]. Furthermore, the graph
analysis showed a reduction in the global
efficiency of the brain network and the
connectivity degree of these regions in MCI
patients, indicating that the capacity for
integration and  efficient communication
between different brain regions is compromised
in this group [4].

The results also indicated a decrease in
the "cost" of brain networks, with MCI patients
showing a lower number of functional
connections or a reduction in the strength of
these connections, especially in regions
associated with motor processing and sensory
integration, such as the thalamus and caudate
nucleus.
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Figure 1: Regions with reduced functional
connectivity in MCI patients compared to healthy
controls.

Conclusions

The results indicate that brain
functional connectivity, assessed through
rs-fIMRI and graph methods, shows potential as
a biomarker for the early stages of dementia.

The observed alterations in the brain networks
of MCI patients may contribute to a better
understanding of the mechanisms underlying
disease progression and the development of
new intervention strategies.
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