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Abstract
Background: Amnestic mild cognitive impairment (aMCI) is a transitional state be-
tween normal aging and dementia, and identifying early biomarkers is crucial for dis-
ease detection and intervention. Functional magnetic resonance imaging (fMRI) has 
the potential to identify changes in neural activity in MCI.
Methods: We investigated neural activity changes in the visual network of the aMCI 
patients (n:20) and healthy persons (n:17) using resting-state fMRI and visual oddball 
task fMRI. We used independent component analysis to identify regions of interest 
and compared the activity between groups using a false discovery rate correction.
Results: Resting-state fMRI revealed increased activity in the areas that have func-
tional connectivity with the visual network, including the right superior and inferior 
lateral occipital cortex, the right angular gyrus and the temporo-occipital part of the 
right middle temporal gyrus (p-FDR = 0.008) and decreased activity in the bilateral 
thalamus and caudate nuclei, which are part of the frontoparietal network in the aMCI 
group (p-FDR = 0.002). In the visual oddball task fMRI, decreased activity was found 
in the right frontal pole, the right frontal orbital cortex, the left superior parietal lob-
ule, the right postcentral gyrus, the right posterior part of the supramarginal gyrus, 
the right superior part of the lateral occipital cortex, and the right angular gyrus in the 
aMCI group.
Conclusion: Our results suggest the alterations in the visual network are present in 
aMCI patients, both during resting-state and task-based fMRI. These changes may 
represent early biomarkers of aMCI and highlight the importance of assessing visual 
processing in cognitive impairment. However, future studies with larger sample sizes 
and longitudinal designs are needed to confirm these findings.
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1  |  INTRODUC TION

Mild cognitive impairment (MCI) is a condition characterized by a 
decline in cognitive functioning that is more significant than normal 
age-related cognitive changes but not severe enough to meet the 
criteria for dementia. It is estimated that 15%–20% of individuals 
aged 65 years or older have MCI, and these individuals have a higher 
risk of developing Alzheimer's disease (AD) compared to those with-
out MCI.1 As the global population ages, the prevalence of MCI is 
expected to increase, making it an important public health concern.

Alzheimer's disease is the most common cause of dementia and 
is characterized by the progressive degeneration of brain cells, lead-
ing to memory loss, language difficulties, and other cognitive and 
behavioral changes. The exact cause of AD is not fully understood, 
but it is thought to be caused by a combination of genetic, environ-
mental, and lifestyle factors. AD is a major public health challenge, 
with an estimated 50 million people worldwide currently living with 
the disease according to the World Health Organization. Amnestic 
Mild Cognitive Impairment (aMCI) is a transitional stage between 
normal aging and Alzheimer's disease (AD), characterized by mem-
ory impairment beyond what is expected for age and education. It 
is estimated that 5%–15% of aMCI individuals progress to AD annu-
ally, making early detection and intervention critical. In recent years, 
neuroimaging techniques, such as magnetic resonance imaging (MRI) 
and functional MRI (fMRI), have emerged as promising tools to iden-
tify early biomarkers of aMCI. Studies have shown that aMCI pa-
tients have structural and functional changes in the hippocampus, 
parahippocampal gyrus, and other regions involved in memory and 
learning.2

Studies have focused on identifying biomarkers of cogni-
tive decline, including changes in brain function and connectivity. 
Functional connectivity refers to the work of different brain regions 
together in a coordinated manner and is thought to be disrupted 
in aMCI and AD.3 Independent component analysis (ICA) is a data-
driven method that has been used in functional connectivity analysis 
to identify patterns of neural activity that are consistent across a 
group of individuals.4

Independent Component Analysis (ICA) offers a compelling al-
ternative for analyzing group task fMRI data, providing numerous 
advantages over traditional ROI-based methods. By unbiasedly de-
composing fMRI data into independent components, ICA allows for 
a comprehensive exploration of functional connectivity, capturing 
both known and novel functional networks. ICA facilitates group-
level analyses by enabling the extraction of individual subject-level 
components that can be aggregated across participants. This ap-
proach ensures the robustness and reliability of the findings, al-
lowing for the identification of shared network architectures that 
characterize task-related functional connectivity. Its ability to sep-
arate signal from noise, along with its suitability for group-level 
analyses, enhances its utility in unraveling the complex interplay of 
brain regions during task-based fMRI experiments. The widespread 
adoption of ICA as the preferred method for investigating functional 
connectivity in group task fMRI studies holds immense potential for 

advancing our understanding of cognitive processes and neurologic 
disorders.5–7 The visual oddball task is a cognitive task that has been 
used to investigate attention and working memory processes in the 
brain. It involves presenting a series of visual stimuli to participants, 
with occasional “oddball” stimuli that differ from the norm.

In 2010 Babiloni et al defined that the task fMRI was found effec-
tive for identifying changes in neural activity associated with aMCI 
and AD.8 Also, recent studies (Erhardt et al in 2011 and Duff et al in 
2012) show the analysis of task fMRI findings with ICA is more reli-
able to investigate the changes in functional connectivity.9,10 These 
changes in functional connectivity were associated with cognitive 
performance during tasks, suggesting cognitive decline.11,12 MCI 
manifests in different individuals, making it difficult to identify con-
sistent markers of cognitive decline which is why we need to identify 
specific regions with group analysis.

In this study, our aim was to investigate changes in functional 
connectivity in resting state fMRI and visual oddball task fMRI find-
ings to help in diagnosis in MCI patients.

2  |  MATERIAL S AND METHODS

2.1  |  Participants

The present study was approved by the University Ethics Committee, 
and written informed consent was obtained from all participants. In 
this study, a total of 40 participants, 20 of whom were diagnosed 
with amnestic mild amnestic cognitive impairment (aMCI) by the 
Dementia Clinic of the Department of Neurology of the Faculty of 
Medicine, and 20 of whom were healthy controls recruited from the 
community. Three healthy controls were excluded from the analysis 
due to poor image quality following MRI scanning, resulting in a final 
sample of 17 healthy controls and 20 aMCI patients. The two groups 
were matched in terms of age, and education (Table 1). Shapiro Wilk 
normality analyses tests are used for the analysis of data distribution 
and q plots added in the Appendix S1. Participants who scored 12 
or more on the geriatric depression scale, used drugs that actively 
affect the central nervous system, had a history of stroke or trauma, 
and have epilepsy or psychiatric diseases that affect cognitive func-
tions were not included in the study.

TA B L E  1 Sociodemographic Factors of Research.

Control MCI p

Sex (M/F) 6/11 10/10 0.368b

Age 69.6 ± 6.9 69.5 ± 6.6 0.853a

Education 10.8 ± 4.0 11.4 ± 3.9 0.375a

MMSE scores 29.1 ± 0.8 25.3 ± 1.1 <0.001a*

Abbreviations: M/F, Male/female; MCI, mild cognitive impairment; 
MMSE, Mini Mental State Exam.
aMann–Whitney U test.
bChi-square test.
*p < 0.05.
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2.2  |  Clinical evaluation

Clinical evaluations were performed on all participants using the 
Mini Mental State Test (MMSE),13 the Clinical Dementia Staging 
Scale,14 and the Geriatric Depression Scale. Individuals with an 
MMSE score of 28–30 and clinical dementia staging scale of 0 were 
considered healthy, while individuals with an MMSE score of 24–28 
and clinical dementia staging scale of 0.5 were evaluated as MCI. All 
sociodemographic data are shown in Table 1.

2.3  |  Image acquisition

All participants were evaluated using a 1.5 T MR unit (Achieva Philips 
Medical Systems, Best, The Netherlands). For anatomical reference, 
a T1-weighted anatomical inversion-recovery scan (TR:2494 ms, 
TE:15 ms, TI: 350 ms, flip angle: 90, ETL: 5, matrix: 512 × 512, slice 
thickness: 4 mm) and for functional magnetic resonance imaging 
(fMRI) T2*-weighted gradient echo-planar images (TR: 3000 ms, TE: 
50 ms, flip angle: 90° FOV: 230 mm, RFOV: 100%, slice thickness: 
4 mm, gap: 0 mm, matrix: 64 × 64, ETL: 48 NA: 1, in-plane resolu-
tion with 28 slices) were obtained. The first five scans were excluded 
from the analysis to reduce magnetic saturation effects. Two hun-
dred dynamics were acquired for each task. The active and passive 
volume rates were 12/8 in each cycle of 20 dynamics to reduce the 
test time. In the resting state, the phase did not use active/passive 
flags and the resting state was taken before all task-based fMRIs.

2.4  |  Visual oddball task

The visual oddball task15 was used to assess the cognitive function of 
the participants. During the task, two stimuli (a target stimulus and 
a standard stimulus) were presented to the participants, and they 
were asked to count the target stimuli. 10 cd/cm2 standard stimu-
lus, 40 cd/cm2 target stimulus, and black screen during waiting times 
were arranged. The target/stimuli rate was one-third. The image was 
transferred to the room with a monitor placed in the MRI room, and 
then this image was transferred to the subject, helping with a mirror 
placed on the head coil.

2.5  |  fMRI pre-processing

The fMRI data were preprocessed using the SPM12 software along 
with the CONN toolbox.4 The standard pre-processing pipeline 
of CONN 17.0 was employed, which automated most of the pre-
processing steps. This preprocessing included realignment and 
unwarping, slice-time correction, art-based outlier detection, struc-
tural segmentation and normalization, functional normalization, 
outlier detection, and smoothing with an 8 mm Gaussian kernel. The 
Gaussian kernel was chosen for improving signal noise ratio and 
improving the validity of the statistical tests by making the error 

distribution more normal. The kernel uses Full Width Half Maximum 
(FWHM) procedure. The value of the FWHM rate is recommended 
to 2× of the slice thickness.16,17

To denoise the data, residual movement and physiological noise 
were removed using a 0.008–0.09 Hz bandpass filter with linear de-
trending and an ART scrubbing protocol. Furthermore, the CompCor 
strategy, which involves removing physiological noise with anatomi-
cal component-based noise correction, was applied to reduce physi-
ological noise at the BOLD level.18

2.6  |  fMRI processing and connectivity analysis

In this study, Group ICA (Independent Component Analysis) was 
used to measure the connectivity change on each pair of ROIs.4 The 
first-level analysis was performed on a voxel-to-voxel basis, summa-
rizing the functional connectivity between each voxel. Local corre-
lation analysis was used as a voxel-to-voxel measure of functional 
segregation for each observational point. The average correlation 
between the time courses in each seed voxel and its neighbors was 
used to measure local functional coupling for each voxel. A voxel 
neighborhood was defined as the probability area enclosed by an 
isotropic Gaussian kernel.

Group-level independent component analyses (group-ICA19) 
were performed to estimate 40 temporally coherent networks from 
the fMRI data combined across all subjects and conditions.20,21 
The BOLD signal from every timepoint and voxel in the brain was 
concatenated across subjects and conditions along the temporal di-
mension. A singular value decomposition of the z-score normalized 
BOLD signal (subject-level SVD) with 64 components separately 
for each subject, and the condition was used as a subject-specific 
dimensionality reduction step. The dimensionality of the concate-
nated data was further reduced using a singular value decomposition 
(group-level SVD) with 40 components, and a fast-ICA fixed-point 
algorithm22 with hyperbolic tangent (G1) contrast function was used 
to identify spatially independent group-level networks from the re-
sulting components. Finally, GICA3 back-projection10 was used to 
compute ICA maps associated with these same networks separately 
for each individual subject and condition.

Group-level analyses were performed using a General Linear 
Model (GLM4). For each individual voxel, a separate GLM was es-
timated, with first-level connectivity measures at this voxel as de-
pendent variables (one independent sample per subject and one 
measurement per task or experimental condition, if applicable), and 
groups or other subject-level identifiers as independent variables. 
Voxel-level hypotheses were evaluated using multivariate paramet-
ric statistics with random effects across subjects and sample cova-
riance estimation across multiple measurements. Inferences were 
performed at the level of individual clusters (groups of contiguous 
voxels). Cluster-level inferences were based on parametric statistics 
from Gaussian random field theory.4,23 Results were thresholded 
using a combination of a cluster-forming p < 0.001 voxel-level thresh-
old and a familywise corrected p-FDR <0.05 cluster-size threshold.24
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The significance of these components on neural networks was 
defined by the spatial overlap of suprathreshold areas known as 
Dice Similarity Coefficiency or Sørensen-Dice Index with visually 
selected best-matched IC for each network.4,25,26

2.7  |  Statistical analyses

Statistical analyses were performed using SPSS 25 (SPSS Inc., 
Chicago, IL, USA). Data normality was evaluated and for group dif-
ferences, Shapiro Wilk, Mann–Whitney U, and chi-square tests were 
applied to available data.

All second-level analyses were performed on the con-
trol>aMCI between-subject contrast with age as a covariate [1, 
−1, 0], and any effects (F-test) were applied at the between-source 
contrast level with p < 0.05 (FDR: False Discovery Rate-corrected; 
p-uncorrected <0.001) with a minimum cluster size of 50 contig-
uous voxels.27

2.8  |  Ethical status

The University Ethics Committee approved research as number 280 
on 29/03/2018.

3  |  RESULTS

In the rs-fMRI, increasing activity was observed in the right supe-
rior and inferior lateral occipital cortex, the right angular gyrus, and 
the temporo-occipital part of the right middle temporal gyrus at IC-5 
in the aMCI group compared with healthy controls (p-FDR = 0.008) 
(Figure 1). At IC-36, the bilateral thalamus and caudate nuclei showed 
decreased activity in the frontoparietal network in the aMCI group 
(p-FDR = 0.002) (Figure 2 and Table 2).

In the oddball task, the right frontal pole, right frontal orbital 
cortex, left superior parietal lobule, right postcentral gyrus, right 
posterior part of supramarginal gyrus, right superior part of the 

F I G U R E  1 During rs- fMRI increasing functional connectivity was seen in the visual network in the aMCI group as a compensation 
mechanism at IC-5 (represented visual network); in the right superior and inferior lateral occipital cortex, angular gyrus, and middle temporal 
gyrus (temporo-occipital part).
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lateral occipital cortex, and right angular gyrus showed a significant 
decrease in functional connectivity in the aMCI group compared to 
healthy controls (Figure 3) (Table 3).

4  |  DISCUSSION

The present study aimed to investigate the early signs of amnes-
tic mild cognitive impairment (aMCI) using independent component 
analysis (ICA) combined with the visual oddball task in a group of 
older adults. Our results demonstrated that this approach effec-
tively identified changes in functional connectivity in individuals 
with aMCI compared to healthy controls.

ICA has been used in previous studies to identify distinct patterns 
of neural activity that are consistent across a group of individuals.28 
In this study, we applied ICA to identify patterns of neural activity as-
sociated with the visual oddball task in both aMCI and control groups. 
Our results showed that aMCI patients exhibited decreased func-
tional connectivity in regions associated with attention and executive 

function in the right middle temporal gyrus and frontal areas such as 
the frontal pole and the frontal orbital cortex. In the MCI group, MFG, 
IFG, PCG, SPL and bilateral thalamus showed decreased activity in rs-
fMRI, which is consistent with previous research and our results.29–31

The visual oddball task has been shown to be effective in iden-
tifying early signs of cognitive decline.32 By presenting a series of 
visual stimuli with occasional “oddball” stimuli, this task engages at-
tention and working memory, which are cognitive functions that are 
commonly affected in aMCI. Our study supports previous research 
that applied EEG by demonstrating that the visual oddball task can 
be used in conjunction with ICA to detect early signs of cognitive 
decline in individuals with aMCI.15,33

The current study found significant relationships between the 
thalamus and the frontoparietal network, and the caudate nucleus 
and the visual network in patients with aMCI using rs-fMRI. These 
findings are consistent with previous literature that has linked re-
duced thalamic activity to various functions, such as mood, depres-
sion, and attention, in patients with aMCI.31,34 The caudate nucleus 
has also been reported to be involved in various cognitive processes 

F I G U R E  2 Bilateral thalamus and caudate nucleus functional connectivity decreased in the aMCI group during rs-fMRI at IC-36 
(represented frontoparietal network).
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such as learning, memory, and attention. Also, right caudate atro-
phy was found to be related to aMCI> AD conversion at longitudinal 
studies.35,36

Studies have indicated that there are differences in rs-fMRI 
analysis results between AD and MCI, which may be due to differ-
ences in the patient groups and methodology used in the studies.28 

F I G U R E  3 During the oddball task, decreased functional connectivity was seen within the visual network at the aMCI group in both left 
and right frontal pole, right frontal orbital cortex, left superior parietal lobule, right postcentral gyrus, right posterior part of supramarginal 
gyrus, right superior part of the lateral occipital cortex, and right angular gyrus.

TA B L E  2 ICA rs-fMRI results.

MNI coordinates (x, y, z)
Total voxel 
size p-FDR Network Area ROI (%) Voxel size

+46–62+20 296 0.008 IC-5 (visual) Right superior lateral occipital cortex 2 115

Right inferior lateral occipital cortex 3 55

Right angular gyrus 3 47

Right middle temporal gyrus 
temporo-occipital part

4 42

−10−06+08 496 0.001 IC-36 (frontoparietal) Left thalamus 7 98

Right thalamus 7 91

Right caudate 9 46

Left caudate 7 36

Note: CONN uses Oxford-Harvard ROI atlas as standard and matches it with MNI coordinates.
Abbreviations: FDR, False Discovery Rate; IC, Independent component; MNI, Montreal Neurological Institute; ROI, Region of interest.

 17555949, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14371 by Izm

ir E
konom

i U
niversitesi, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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Recent studies have also focused on the angular gyrus and frontal 
connections, in addition to the thalamus and hippocampus, in dif-
ferentiating HC, MCI, and AD.3,36,37 The angular gyrus, frontal con-
nections, and hippocampus have been identified as areas of interest 
in recent research on rs-fMRI analysis in AD and MCI patients.37 In 
this study, the right superior lateral occipital cortex, right inferior lat-
eral occipital cortex, right angular gyrus, and right middle temporal 
gyrus temporo-occipital part were identified as regions of interest 
in the visual network. These regions have been implicated in visual 
processing, object recognition, and visual attention.38 The increased 
activity observed in the right superior lateral occipital cortex during 
resting state fMRI analysis in this study could be interpreted as a 
compensation mechanism for neuronal degeneration in AD and MCI 
patients, as reported in a previous study.15

The ICA results of the visual oddball task also revealed several 
areas of interest, including the left superior parietal lobe, the right 
frontal pole, the right frontal orbital cortex, the right postcentral 
gyrus, the right posterior supramarginal gyrus, the right superior lat-
eral occipital cortex, and the right angular gyrus. These regions have 
previously been implicated in attention, working memory, and ex-
ecutive control processes.39 Interestingly, in this study, the changes 
observed in frontal activity during the oddball task, also alpha waves 
were found in the frontal and central areas to be specific for the 
oddball task in the EEG study.33

In our study, we investigated the role of specific brain regions in 
individuals with Mild Cognitive Impairment (MCI) during a task that 
measured disinhibition, reward processing, and information manip-
ulation. We have seen decreased functional connectivity in these 
areas, and the visual network is strongly associated with frontopa-
rietal areas during a visual cognitive task. We found that the MCI 
group exhibited decreased activity in the frontal pole, suggesting 
impaired disinhibition. In a visual task, reduced activity in the orbi-
tofrontal cortex was observed, indicating deficits in reward-based 
learning and recognition processes. Furthermore, decreased activity 
in the superior parietal lobule was associated with impaired infor-
mation manipulation and visuospatial perception. These findings 
highlight the potential neurobiological mechanisms underlying the 
difficulties experienced by individuals with MCI in performing the 
task, providing insights for future interventions targeting cognitive 
deficits in this population.40–43

EEG studies have shown that theta wave activity in the tempo-
roparietal region is consistently increased in individuals with AD and 
MCI compared to healthy controls.44,45 Theta waves are associated 
with cognitive processing and memory formation, and increased 
theta activity in the temporal lobe has been linked to episodic mem-
ory deficits in AD (21). In addition, studies have found that theta 
wave activity in the parietal cortex is associated with semantic pro-
cessing deficits in AD.46

Structural MRI studies have also demonstrated atrophy in the 
temporoparietal region in individuals with AD and MCI.47,48 The 
temporoparietal region is a critical brain area involved in memory 
and language processing, and its atrophy is consistent with the cog-
nitive deficits observed in AD and MCI3.

In previous oddball EEG studies, higher frontal-occipital gamma 
coherence and lower parieto-occipital gamma coherence were ob-
served in AD patients with AD who received treatment compared 
to those who did not receive treatment.15,49 It is unclear whether 
this pattern of activity is a compensatory mechanism or is caused by 
damage to inhibitory neurons. The findings of the current study also 
reflect this fronto-occipital connectivity, indicating that the oddball 
test can detect changes in these regions.

Studies using EEG and structural MRI have found that changes 
in the temporoparietal region, particularly in theta wave activity 
and atrophy, are distinguishing features of AD and MCI. In addi-
tion, alpha wave activity in the frontal and central areas has been 
found to be specific to the oddball test. These findings are consis-
tent with previous studies that have observed changes in frontal 
activity during the oddball task and a decrease in temporoparietal 
connectivity and left temporal atrophy. The increased activity ob-
served in the right superior lateral occipital cortex during resting-
state activity may indicate a compensatory mechanism for neuronal 
degeneration. This is supported by previous EEG studies that have 
found reduced activity during task-based analysis.15,33,49–51

Our findings are consistent with previous studies that have 
identified altered connectivity in these brain areas in both MCI and 
AD.52,53 Our study supports these studies by demonstrating these 
changes in connectivity may occur early in the disease process, po-
tentially serving as markers of cognitive decline.

In summary, the findings of the current study are consistent with 
previous research on resting-state fMRI, EEG, and structural MRI in 

TA B L E  3 Visual Oddball Task ICA Results.

MNI coordinates 
(x, y, z)

Total voxel 
size p-FDR Network Area ROI (%) Voxel size

+42–46+52 248 0.014 IC-20 (visual) Left superior parietal lobule 14 203

+32+32–26 171 0.029 Right frontal pole 1 72

Right frontal orbital cortex 2 22

Right post central gyrus 0 13

Right posterior supramarginal gyrus 1 9

Right superior lateral occipital cortex 0 8

Right angular gyrus 0 4

Note: CONN uses Oxford-Harvard ROI atlas as standard and matches it with MNI coordinates.
Abbreviations: FDR, False Discovery Rate; IC, Independent component; MNI, Montreal Neurological Institute; ROI, Region of interest.
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AD and MCI. This research is important because it is the first in the 
literature to use a visual oddball task on fMRI in patients with aMCI. 
These findings suggest that the oddball test may be a useful tool 
for identifying early changes in brain activity in patients with aMCI. 
However, further research is needed to confirm these findings and 
determine the clinical utility of the oddball test in the diagnosis and 
treatment of aMCI and AD.

5  |  LIMITATIONS

While our findings are promising, there are several limitations to 
our study. First, our sample size was relatively small, which may 
limit the generalizability of our findings. Second, our study was 
cross-sectional, which means that we cannot establish a causal 
relationship between changes in functional connectivity and the 
development of MCI. Longitudinal studies are needed to establish 
the temporal sequence of these changes and assess their predictive 
value for cognitive decline.

Despite these limitations, our study highlights the potential of 
ICA combined with the visual oddball task as a tool for detecting 
early signs of aMCI. This approach could be used in future studies to 
identify people at risk of developing cognitive decline and to evalu-
ate the efficacy of interventions aimed at preventing or preventing 
the onset of dementia.

6  |  CONCLUSION

Our study provides evidence that ICA combined with the visual odd-
ball task can effectively identify changes in functional connectivity 
associated with aMCI. Future studies with larger sample sizes and 
longitudinal designs are needed to further validate this approach and 
investigate its potential as a diagnostic tool for cognitive decline.

ACKNOWLEDG MENTS
We would like to thank all the participants who took part in this study. 
We would like to acknowledge the contributions of the Department 
of Neurology of the faculty of Medicine Dementia Clinic and the 
Radiology Department staff to patient recruitment and evaluation.

FUNDING INFORMATION
This project was funded by the Scientific Research Projects 
Coordination Unit of the University with number 2014–154.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that they have no financial or personal relation-
ships that may have influenced the work presented in this manu-
script. They have no conflict of interest to disclose.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID
Kerem Kemik   https://orcid.org/0000-0002-0710-1707 
Emel Ada   https://orcid.org/0000-0002-0463-0945 
Berrin Çavuşoğlu   https://orcid.org/0000-0003-1997-8861 
Cansu Aykaç   https://orcid.org/0000-0001-8702-5478 
Derya Durusu Emek-Savaş   https://orcid.
org/0000-0001-7042-697X 
Görsev Yener   https://orcid.org/0000-0002-7756-4387 

R E FE R E N C E S
	 1.	 Petersen RC. Aging, mild cognitive impairment, and Alzheimer's 

disease. Neurol Clin. 2000;18(4):789-806.
	 2.	 Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-

nitive impairment due to Alzheimer's disease: recommendations 
from the National Institute on Aging-Alzheimer's Association work-
groups on diagnostic guidelines for Alzheimer's disease. Alzheimers 
Dement. 2011;7(3):270-279.

	 3.	 Sorg C, Riedl V, Mühlau M, et al. Selective changes of resting-state 
networks in individuals at risk for Alzheimer's disease. Proc Natl 
Acad Sci U S A. 2007;104(47):18760-18765.

	 4.	 Whitfield-Gabrieli S, Nieto-Castanon A. Conn: a functional con-
nectivity toolbox for correlated and anticorrelated brain networks. 
Brain Connect. 2012;2(3):125-141.

	 5.	 Rosazza C, Minati L, Ghielmetti F, Mandelli ML, Bruzzone MG. 
Functional connectivity during resting-state functional MR imag-
ing: study of the correspondence between independent compo-
nent analysis and region-of-interest-based methods. AJNR Am J 
Neuroradiol. 2012;33(1):180-187.

	 6.	 Arfanakis K, Cordes D, Haughton VM, Moritz CH, Quigley MA, 
Meyerand ME. Combining independent component analysis and 
correlation analysis to probe interregional connectivity in fMRI 
task activation datasets. Magn Reson Imaging. 2000;18(8):921-930.

	 7.	 Calhoun VD, Adali T. Unmixing fMRI with independent component 
analysis. IEEE Eng Med Biol Mag. 2006;25(2):79-90.

	 8.	 Babiloni C, Vecchio F, Mirabella G, et al. Activity of hippocampal, 
amygdala, and neocortex during the Rey auditory verbal learning 
test: an event-related potential study in epileptic patients. Clin 
Neurophysiol. 2010;121(8):1351-1357.

	 9.	 Duff EP, Trachtenberg AJ, Mackay CE, et al. Task-driven ICA feature 
generation for accurate and interpretable prediction using fMRI. 
Neuroimage. 2012;60(1):189-203.

	10.	 Erhardt EB, Rachakonda S, Bedrick EJ, Allen EA, Adali T, Calhoun 
VD. Comparison of multi-subject ICA methods for analysis of fMRI 
data. Hum Brain Mapp. 2011;32(12):2075-2095.

	11.	 Huang H, Ding M. Linking functional connectivity and struc-
tural connectivity quantitatively: a comparison of methods. Brain 
Connect. 2016;6(2):99-108.

	12.	 Warbrick T, Reske M, Shah NJ. Do EEG paradigms work in fMRI? 
Varying task demands in the visual oddball paradigm: implica-
tions for task design and results interpretation. Neuroimage. 
2013;77:177-185.

	13.	 Gungen C, Ertan T, Eker E, et al. Reliability and validity of the 
standardized mini mental state examination in the diagno-
sis of mild dementia in Turkish population. Turk Psikiyatri Derg. 
2002;13(4):273-281.

	14.	 Hughes CP, Berg L, Danziger W, Coben LA, Martin RL. A new clinical 
scale for the staging of dementia. Br J Psychiatry. 1982;140:566-572.

	15.	 Basar E, Femir B, Emek-Savaş DD, et al. Increased long distance 
event-related gamma band connectivity in Alzheimer's disease. 
Neuroimage Clin. 2017;14:580-590.

	16.	 Mikl M, Mareček R, Hluštík P, et al. Effects of spatial smoothing on 
fMRI group inferences. Magn Reson Imaging. 2008;26(4):490-503.

	17.	 Functional Analysis: Preparation. Spatial Smoothing. 2020 [cited 
2023 17/06].

 17555949, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14371 by Izm

ir E
konom

i U
niversitesi, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-0710-1707
https://orcid.org/0000-0002-0710-1707
https://orcid.org/0000-0002-0463-0945
https://orcid.org/0000-0002-0463-0945
https://orcid.org/0000-0003-1997-8861
https://orcid.org/0000-0003-1997-8861
https://orcid.org/0000-0001-8702-5478
https://orcid.org/0000-0001-8702-5478
https://orcid.org/0000-0001-7042-697X
https://orcid.org/0000-0001-7042-697X
https://orcid.org/0000-0001-7042-697X
https://orcid.org/0000-0002-7756-4387
https://orcid.org/0000-0002-7756-4387


    |  9 of 9KEMIK et al.

	18.	 Behzadi Y, Restom K, Liau J, Liu TT. A component based noise cor-
rection method (CompCor) for BOLD and perfusion based fMRI. 
Neuroimage. 2007;37(1):90-101.

	19.	 Calhoun VD, Adali T, Pearlson GD, Pekar JJ. A method for making 
group inferences from functional MRI data using independent com-
ponent analysis. Hum Brain Mapp. 2001;14(3):140-151.

	20.	 Li YO, Adali T, Calhoun VD. Estimating the number of independent 
components for functional magnetic resonance imaging data. Hum 
Brain Mapp. 2007;28(11):1251-1266.

	21.	 Pamilo S, Malinen S, Hlushchuk Y, Seppä M, Tikka P, Hari R. 
Functional subdivision of group-ICA results of fMRI data collected 
during cinema viewing. PloS One. 2012;7(7):e42000.

	22.	 Hyvarinen A. Fast and robust fixed-point algorithms for inde-
pendent component analysis. IEEE Trans Neural Netw. 1999;10(3):​
626-634.

	23.	 Worsley KJ, Marrett S, Neelin P, Vandal AC, Friston KJ, Evans AC. 
A unified statistical approach for determining significant signals in 
images of cerebral activation. Hum Brain Mapp. 1996;4(1):58-73.

	24.	 Chumbley J, Worsley K, Flandin G, Friston K. Topological FDR for 
neuroimaging. Neuroimage. 2010;49(4):3057-3064.

	25.	 Cocchi L, Bramati IE, Zalesky A, et al. Altered functional brain connec-
tivity in a non-clinical sample of young adults with attention-deficit/
hyperactivity disorder. J Neurosci. 2012;32(49):17753-17761.

	26.	 Zou KH, Warfield SK, Bharatha A, et al. Statistical validation of 
image segmentation quality based on a spatial overlap index. Acad 
Radiol. 2004;11(2):178-189.

	27.	 Wynn JK, Jimenez AM, Roach BJ, et al. Impaired target detection 
in schizophrenia and the ventral attentional network: findings from 
a joint event-related potential-functional MRI analysis. Neuroimage 
Clin. 2015;9:95-102.

	28.	 Eyler LT, Elman JA, Hatton SN, et al. Resting state abnormalities of 
the default mode network in mild cognitive impairment: a system-
atic review and meta-analysis. J Alzheimers Dis. 2019;70(1):107-120.

	29.	 Babiloni C, Carducci F, Lizio R, et al. Resting state cortical electro-
encephalographic rhythms are related to gray matter volume in 
subjects with mild cognitive impairment and Alzheimer's disease. 
Hum Brain Mapp. 2013;34(6):1427-1446.

	30.	 Zhou B, Liu Y, Zhang Z, et al. Impaired functional connectivity of 
the thalamus in Alzheimer's disease and mild cognitive impairment: 
a resting-state fMRI study. Curr Alzheimer Res. 2013;10(7):754-766.

	31.	 Kim H. Involvement of the dorsal and ventral attention networks 
in oddball stimulus processing: a meta-analysis. Hum Brain Mapp. 
2014;35(5):2265-2284.

	32.	 Papaliagkas V, Kimiskidis V, Tsolaki M, Anogianakis G. Usefulness of 
event-related potentials in the assessment of mild cognitive impair-
ment. BMC Neurosci. 2008;9:107.

	33.	 Yener GG, Emek-Savaş DD, Lizio R, et al. Frontal delta event-related 
oscillations relate to frontal volume in mild cognitive impairment 
and healthy controls. Int J Psychophysiol. 2016;103:110-117.

	34.	 Talwar P, Kushwaha S, Chaturvedi M, Mahajan V. Systematic review 
of different neuroimaging correlates in mild cognitive impairment 
and Alzheimer's disease. Clin Neuroradiol. 2021;31(4):953-967.

	35.	 Packard MG, Knowlton BJ. Learning and memory functions of the 
basal ganglia. Annu Rev Neurosci. 2002;25:563-593.

	36.	 Madsen SK, Ho AJ, Hua X, et al. 3D maps localize caudate nucleus 
atrophy in 400 Alzheimer's disease, mild cognitive impairment, and 
healthy elderly subjects. Neurobiol Aging. 2010;31(8):1312-1325.

	37.	 Wu Z, Wu J, Chen X, et al. Identification of Alzheimer's disease pro-
gression stages using topological measures of resting-state func-
tional connectivity networks: a comparative study. Behav Neurol. 
2022;2022:9958525.

	38.	 Kravitz DJ, Saleem KS, Baker CI, Mishkin M. A new neural frame-
work for visuospatial processing. Nat Rev Neurosci. 2011;12(4):​
217-230.

	39.	 Rottschy C, Langner R, Dogan I, et al. Modelling neural correlates of 
working memory: a coordinate-based meta-analysis. Neuroimage. 
2012;60(1):830-846.

	40.	 Finger E, Zhang J, Dickerson B, et al. Disinhibition in Alzheimer's 
disease is associated with reduced right frontal pole cortical thick-
ness. J Alzheimers Dis. 2017;60(3):1161-1170.

	41.	 Du J, Rolls ET, Cheng W, et al. Functional connectivity of the or-
bitofrontal cortex, anterior cingulate cortex, and inferior frontal 
gyrus in humans. Cortex. 2020;123:185-199.

	42.	 Koenigs M, Barbey AK, Postle BR, Grafman J. Superior parietal cor-
tex is critical for the manipulation of information in working mem-
ory. J Neurosci. 2009;29(47):14980-14986.

	43.	 Tulay EE, Güntekin B, Yener G, et al. Evoked and induced EEG os-
cillations to visual targets reveal a differential pattern of change 
along the spectrum of cognitive decline in Alzheimer's disease. Int J 
Psychophysiol. 2020;155:41-48.

	44.	 Olichney JM, van Petten C, Paller KA, Salmon DP, Iragui VJ, Kutas 
M. Word repetition in amnesia. Electrophysiological measures of 
impaired and spared memory. Brain. 2000;123(Pt 9):1948-1963.

	45.	 Brunet D, Murray MM, Michel CM. Spatiotemporal analy-
sis of multichannel EEG: CARTOOL. Comput Intell Neurosci. 
2011;2011:813870.

	46.	 Cacioppo JT, Tassinary LG, Berntson GG. Handbook of 
Psychophysiology. 3rd ed. Cambridge University Press; 2007:898.

	47.	 Klimesch W. EEG alpha and theta oscillations reflect cognitive and 
memory performance: a review and analysis. Brain Res Brain Res 
Rev. 1999;29(2–3):169-195.

	48.	 Rossini PM, Rossi S, Babiloni C, Polich J. Clinical neurophysiol-
ogy of aging brain: from normal aging to neurodegeneration. Prog 
Neurobiol. 2007;83(6):375-400.

	49.	 Stevens AA, Skudlarski P, Gatenby JC, Gore JC. Event-related 
fMRI of auditory and visual oddball tasks. Magn Reson Imaging. 
2000;18(5):495-502.

	50.	 Parra MA, Ascencio LL, Urquina HF, et al. P300 and neuropsycho-
logical assessment in mild cognitive impairment and Alzheimer de-
mentia. Front Neurol. 2012;3:172.

	51.	 Farina FR, Emek-Savaş DD, Rueda-Delgado L, et al. A comparison of 
resting state EEG and structural MRI for classifying Alzheimer's dis-
ease and mild cognitive impairment. Neuroimage. 2020;215:116795.

	52.	 Buckner RL, Snyder AZ, Shannon BJ, et al. Molecular, structural, 
and functional characterization of Alzheimer's disease: evidence 
for a relationship between default activity, amyloid, and memory. 
J Neurosci. 2005;25(34):7709-7717.

	53.	 Pihlajamaki M, DePeau KM, Blacker D, et al. Impaired medial 
temporal repetition suppression is related to failure of pari-
etal deactivation in Alzheimer disease. Am J Geriatr Psychiatry. 
2008;16(4):283-292.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Kemik K, Ada E, Çavuşoğlu B, Aykaç C, 
Emek-Savaş DD, Yener G. Functional magnetic resonance 
imaging study during resting state and visual oddball task in 
mild cognitive impairment. CNS Neurosci Ther. 
2024;30:e14371. doi:10.1111/cns.14371

 17555949, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14371 by Izm

ir E
konom

i U
niversitesi, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/cns.14371

	Functional magnetic resonance imaging study during resting state and visual oddball task in mild cognitive impairment
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Participants
	2.2|Clinical evaluation
	2.3|Image acquisition
	2.4|Visual oddball task
	2.5|fMRI pre-­processing
	2.6|fMRI processing and connectivity analysis
	2.7|Statistical analyses
	2.8|Ethical status

	3|RESULTS
	4|DISCUSSION
	5|LIMITATIONS
	6|CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


