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Background: Mild cognitive impairment (MCI) is a precursor state of Alzheimer's
disease (AD) and has attracted attention, but why amnestic mild cognitive
impairment (aMCl) is more likely to progress to AD than non-amnestic mild
cognitive impairment (naMCl) is unclear. The present study of aMCl compares
differences in intra- and inter-network functional connectivity (FC) across
multiple networks in naMCl and further correlates FC with cognitive
assessment scores to assess their ability to predict AD progression.

Methods: Resting-state functional magnetic resonance imaging (rs-fMRI) was
performed in 30 naMCl and 40 aMCl cases, and 12 resting-state networks (RSNs)
were identified by independent component analysis (ICA). Two-sample t-tests
were performed to detect intra-network FC differences, and functional network
connectivity (FNC) was calculated to compare inter-network FC differences.
Subsequently, Pearson or Spearman correlation analyses were used to explore
the correlation between altered FC and cognitive assessment scores.

Results: The aMCl compared to the naMCl differed within the (Default mode
network) DMN, (Dorsal attention network) DAN, (Sensorimotor system) SMN, and
(Salience network) SN networks (corrected for FWEc, P< 0.05), and inter-network
differences in DAN-DMN, DMN-SN, SN-SMN (corrected for FWEc, P<0.05).
Conclusion: aMCl contrasts naMClI with widespread intra- and inter-static FNC
differences, mainly involving the DMN, DAN, SMN, and SN. these network
interactions provide a powerful method for assessing and predicting why aMClI
is more likely to progress to AD, and contribute to our understanding of the
neurological mechanisms underlying the pathological process of AD.
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1 Introduction

Alzheimer’s disease (AD) profoundly disrupts older adults’
everyday functioning and social engagement. Early identification
and intervention are therefore crucial for addressing cognitive
decline. Mild cognitive impairment (MCI) represents an
intermediate stage between normal aging and dementia, marked
by modest deficits in domains such as memory, attention, language,
and visuospatial abilities (1), People with MCI face a substantially
higher risk of developing dementia—including AD—than
cognitively healthy peers (2). Within MCI, a distinction has long
been made between amnestic MCI (aMCI) and non-amnestic MCI
(naMCI) subtypes. Among them, memory impairment is the most
important defining feature of aMCI. Studies have shown that aMCI
is more likely to progress to AD than naMCI (3), whereas naMCI is
more likely to progress to non-AD dementias including, but not
limited to, vascular dementia than aMCI.

Resting-state functional magnetic resonance imaging (rs-fMRI)
acquires brain activity while participants rest, without presenting
sensory inputs or requiring task performance, making it a popular
tool for investigating aberrant neural activity and functional
connectivity (FC) across clinical populations (4). FC quantifies
the extent to which neural signals from different regions fluctuate
together over time, providing a window into the functional
organization of the brain (5). Consequently, an increasing
number of investigators employ rs-fMRI to chart the temporal
covariance of spontaneous neural activity, an approach that yields
valuable information about the neural changes that occur during
the prodromal phase of Alzheimer’s disease.

aMCT’s tendency to evolve into AD likely reflects disturbances
at the network level — altered interactions among regions within a
network and between multiple networks — rather than isolated
dysfunction confined to a single brain locus. Traditional seed-based
FC approaches depend on investigator-chosen regions of interest
(ROIs) (6), which limits their capacity to capture broader inter-
network dynamics. Independent component analysis (ICA), by
contrast, is widely adopted to decompose resting-state data into
spatially independent resting-state networks (RSNs), enabling
identification of distributed functional systems (7). Building on
ICA, functional network connectivity (FNC) characterizes
moment-to-moment correlations between these RSNs and thereby
provides a measure of inter-network communication patterns (8).
Most aMCI studies have centered on comparisons with normal
older adults or subjective cognitive decline or AD (9-11), and few
studies have directly compared the combined neuropathology of
aMCI and naMCI. Exploration of rsn and FNC may provide
additional information to advance understanding of the
underlying neural mechanisms that predispose aMCI to the
development of AD.

Based on previous work and theoretical considerations, we
hypothesized that aMCI and naMCI may have different FC
patterns and systematically explored the differences between rsn
as well as RSN in aMCI compared to naMCI. Temporal correlations
of brain network activity were used to quantify their interactions
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and to estimate the extent to which between-group differences could
predict the likelihood of developing AD.

2 Information and methods
2.1 Study population

Patients were recruited from the outpatient clinic of the
Department of Acupuncture and Moxibustion of the First
Hospital Affiliated to Heilongjiang University of Traditional
Chinese Medicine from December 2024 to March 2025 and were
first diagnosed with MCI. The diagnostic criteria for MCI were
based on the Chinese expert consensus on assessment of cognitive
impairment in the elderly (12) and the Petersen Diagnostic Criteria
(13), and also referenced to previous studies (14, 15). The results
were summarized as follows. ®The scores on the Mini-Mental State
Examination (MMSE) were <20 in the illiterate group, <23 in the
elementary school group, and <26 in the middle school and above
group. @Montreal cognitive assessment (MoCA) scores were <13
points in the illiterate group, <19 points in the elementary school
group, and <24 points in the secondary school and above group,
and the age was 55-75 years old. Patients with MCI were recruited
using this as a criterion. Compared with the age and education
criteria, MCI patients with scores lower than -1.0 SD in the memory
domain (sum of instantaneous and delayed memory) were
categorized as aMCI, and the other part was categorized as
naMCI. general information (age, gender, and education) and
basic clinical information of the subjects were collected. Subjects
voluntarily participated in this trial, understood and signed the
informed consent form, and were approved by the Ethics
Committee of the First Hospital Affiliated to Heilongjiang
University of Traditional Chinese Medicine (Ethics
No. HZYLLKY202500101).

Inclusion criteria of the observation group: (1) Meet the above
diagnostic criteria of aMCL (2) Excluding other diseases that can
cause cognitive impairment; (3) Age 55-75; (4) Right-handedness;
(5) Presence of one of the AP class biomarkers or neuronal damage
markers detected by imaging and cerebrospinal fluid; (6) Not
suffering from major psychiatric illnesses or serious heart, liver,
kidney and other visceral dysfunctional diseases; (7) Not using
drugs that affect cognitive ability for long periods of time or diseases
that may affect cognitive performance; (8) not have pacemakers or
metal fragments in the body that interfere with nuclear
magnetic scanning.

Exclusion and exclusion criteria of the observation group: (1)
subjects who had serious adverse events and could not proceed to
the next step of the trial; (2) those who had sudden cerebrovascular
diseases or craniocerebral trauma and other conditions in the
course of the trial; (3) those who could not insist on completing
the acupuncture treatment; (4) those who had incomplete clinical
and imaging data; (5) those who had poor subjects’ adherence; and
(6) those who had other uncontrolled factors or who withdrew from

the experiment on their own.
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2.2 Image data acquisition and pre-
processing

FC analysis within FPN before and after needling was
performed based on rs-fMRI. Observations were completed
within 1 week before treatment and 1 week after all treatments
were completed. This trial applied a Philips Ingenia 3.0T fully
digital magnetic resonance scanner to acquire data. The gradient
field strength was 40 mT/m, and a 16-channel parallel acquisition
head coil (SENSE-NV-160) was applied, with 80 MHz high-
frequency analog-to-digital converters per channel, direct digital
sampling without analog filtering, and a gradient switching rate of
200 mT/m/ms. Detailed parameters of the structural image
acquisition were Functional image acquisition was performed
using a single-shot excitation planar echo imaging sequence (FFE
single -shot EPI), the device acquisition parameters: repetition time
(TR) = 2000ms, echo time (TE) = 30ms, matrix = 64 x 64, field of
view (FOV) = 220mm x 220mm X 143mm, flip angle = 90°, number
of scanned layers = 36, layer spacing = 1mm, layer thickness =
3mm, a total of 180 time points, and scanning time of 6min6s, and
the scanning range covered the whole brain. Subjects were placed
on the examination bed with their heads immobilized, close your
eyes without sleeping or thinking about anything. Use foam
padding to reduce involuntary head movements, and use earplugs
to minimize noise impact on participants. All imaging data were
post-processed by specialized personnel.

The acquired rs-fMRI image data were preprocessed by
DPARSFA software based on MATLAB platform. First, the initial
10 time points are discarded to allow participants to adapt to the
scanning environment. Subsequently, time correction is performed to
correct for head motion. Data with head motion exceeding 2.0 mm
translation or 2.0° rotation will be excluded. Secondly, the
experimental data were aligned to the Montreal Neurological
Institute standard space and resampled into 3 mm x 3 mm x 3 mm
voxels for spatial normalization. Finally a Gaussian kernel was applied
to spatially smooth the images for FWHM = 6 mm X 6 mm x 6 mm.

2.3 Neuropsychological assessment

Cognitive function was evaluated by a professionally trained
neurologist in a quiet room free of external distractions. Overall
cognitive function was screened using the Mini-Mental State
Examination (MMSE) as well as the Montreal Cognitive
Assessment (MoCA) scale, and quantitative memory scores were
performed using the memory component of the MoCA.

2.4 ICA operations

The group ICA of fMRI toolbox software (http://
icatb.sourceforge.net/) was used to extract RSNs. We applied ICA
to derive functional networks in a data-driven manner, modeling
the measured signals as linear mixtures of statistically independent
sources. Dimensionality was reduced and components were
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estimated using the Fast-ICA framework implemented in GIFT
v3.0b. Preprocessed fMRI datasets were loaded into GIFT, which
automatically determined the model order (31 components in this
dataset) and selected dimensionality-reduction parameters at both
the individual and group levels. ICA decomposition was repeated
100 times using the infomax algorithm to ensure stable solutions,
and spatial maps along with their associated time courses were
reconstructed for each subject and at the group level. From the 31
resulting components, based on previous research (16-18), ten
(corresponding to 6 canonical resting-state networks identified a
priori) were retained for downstream analyses.

2.5 Internal RSN analysis

Of the 31 components produced by ICA, 10 (representing 6
resting-state networks) were chosen for further investigation. For
each network, we first conducted a one-sample t-test to generate
group-level z-maps; results were thresholded at P < 0.05 and
corrected for multiple comparisons using family-wise error
correction (FWEc) to produce statistical maps. Next, between-
group differences were evaluated with two-sample t-tests applied
to the RSN z-maps, restricting the analysis to voxels inside the
combined mask and using an intergroup significance threshold of P
< 0.01 with FWEc correction. Regions within each RSN that
survived the two-sample comparison were extracted and carried
forward for subsequent analyses.

2.6 Static FNC analysis between RSNs

Following ICA, the spatiotemporal dual regression method was
employed to obtain the identified individual-level temporal
processes of RSNs. Subsequently, FNC analysis was conducted to
investigate the relationships among different RSN temporal
processes. Temporal band-pass filtering (0.00-0.25 Hz) was first
applied to each component time course to suppress slow drifts and
high-frequency physiological artefacts. For every participant,
pairwise correlations were then computed between all selected
RSN time series. Pearson correlation coefficients produced a 10 x
10 FNC matrix for each subject, reflecting the strength of
connectivity between networks. Group differences in FNC for
each RSN pair were assessed using a general linear model, with
multiple comparisons controlled by false discovery rate (FDR) at
P < 0.05. Connections showing significant between-group
differences were subsequently extracted and examined for
associations with cognitive performance.

2.7 Correlation analysis
Imaging data were processed using Statistical Parametric
Mapping software (Statistical Parametric Mapping, SPM12, http://

www.filion.ucl.ac.uk/spm) to calculate the correlation between FC
in RSNs/FNC and cognitive function assessment in aMCI. For each
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RSN, the brain region that was significantly different in the two-
sample t-test was selected as the ROI, and the coordinates of the
ROI were extracted. Correlation analyses were then performed
using the mean z-scores within the ROIs. In addition, for inter-
network FC, significant differences between the three groups were
detected at the 10-component level and their FNC coefficients were
used to calculate the correlation with the assessment and
cognitive scores.

2.8 Statistical analysis

For differences in demographic and clinical information
between patients with aMCI and patients with naMCI,
demographic and clinical characteristics of patients with aMCI
and patients with naMCI were evaluated using independent t-
tests for continuous variables and chi-square tests for proportions
using the SPSS 25.0 package. p < 0.05 was taken as significant. Data
normality was evaluated using the Shapiro-Wilk test, with a P value
of > 0.05 indicating a normal distribution. We then used Cohen’s d
to characterize the effect size (ES) of each clinical variable. For RSN
and FNC analyses, two-sample t-tests were used for group
comparisons between the aMCI and naMCI groups. Age, gender,
and education level were used as covariates. Statistical values were
P = 0.001 at the voxel level (uncorrected) and P < 0.05 at the
CLUSTER level (FWEc corrected). Results were presented using
xjView, BrainNet Viewer, and other software. Pearson or Spearman
correlation was used to test the relationship between FC and
neuropsychological test scores with statistical significance P <
0.05. During all analyses, voxel-level statistical analyses of RSNs
were performed using SPM12, and FNC group comparisons and
correlations were performed using MatLab functions (MatLab
2017b) with SPSS 25.0.

3 Results
3.1 Participants and clinical data

Demographic data are shown in Table 1.

3.2 ICA and component selection

In this study, ICA yielded 31 independent components, of
which ten were chosen as RSNs for downstream analyses (see
Figure 1). These components were grouped into seven canonical
networks and labeled as follows:

1. Salience network (SN; IC11): Spatially dominated by the
dorsal anterior cingulate cortex and anterior insula, with
additional involvement of prefrontal regions.

2. Executive control network (ECN; IC14 + IC16): Composed
of left and right frontoparietal subsystems. The left
executive control network is centered on the left middle
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TABLE 1 Demographic data.

ltems naMCl aMCI P-value

Demography

Number 30 40

Age(y) 64.90 + 5.49 63.73 + 5.36 0.372

Gender(M/F) 13:17 16:24 0.779

Education(y) 11.27 (9-12) 10.98 (9-12) 0.822
Neuropsychological

MMSE scores 23.40 (22-25) 23.43 (21-26) 0.923

MoCA scores 21.23 (20-23) 20.28 (19-23) 0.448
Immediate memory

1 n/a- n/a <0.001

2 n/a 3 (7.5)

3 10 (33.3) 34 (85.0)

4 15 (50.0) 3(7.5)

5 5(16.7) n/a
Delayed memory

1 n/a 1(2.5) <0.001

2 2 (6.7) 14 (35.0)

3 24 (80.0) 25 (62.5)

4 4(13.3) n/a

5 n/a n/a

There were no statistically significant differences in demographics (age, gender, years of
education) (p > 0.05) and no statistically significant differences in neuropsychological scores
(MMSE, MoCA) between the two groups included (p < 0.05), but there was a statistically
significant difference between the two groups in the memory domain scores (p < 0.05).

frontal gyrus, inferior and superior parietal lobules, and
angular gyrus; the right executive control network shows a
comparable topology on the right hemisphere.

3. Default mode network (DMN; IC8 + IC25): Encompasses
typical DMN hubs including the posterior cingulate cortex,
precuneus, inferior parietal lobule, bilateral angular gyri,
and medial prefrontal cortex.

4. Dorsal attention network (DAN; IC18): Primarily involves
the superior parietal lobule, frontal eye fields (prefrontal
oculomotor area), and precentral gyrus.

5. Visual network (VN; IC3 + IC13): Covers early visual
regions (including medial striate cortex and calcarine
sulcus) and higher-order occipital areas such as the
occipital pole, lateral occipital cortex, and fusiform gyrus.

6. Sensorimotor network (SMN; IC30 + IC31): Centered on
primary motor and somatosensory cortices (precentral and
postcentral gyri) and includes premotor and
supplementary motor territories.

These network labels and component assignments were

determined with reference to prior literature and the spatial
topographies produced by our ICA decomposition.
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DMN(IC8) DMN(IC25)

SMN(IC31)

VN(ICS)

SN(IC11)

FIGURE 1
Functionally relevant RSN. Spatial maps of 10 independent components (ic) were selected for further analysis as RSN. DMN, default mode network;
ECN, executive control network; SMN, sensorimotor network; VN, visual network; DAN, dorsal attentional network; SN, salient network

3.3 Group FC differences within RSNs (Precuneus_L), DMN (Precuneus_L and Precuneus_R), SMN

(Parietal_Inf R) and VN (Rolandic_Oper_L) were observed in

There were significant differences between the aMCI group and ~ the aMCI group compared with the naMCI group. In addition,

the naMCI group within the four RSN, including DAN, DMN,  FC was higher in the DMN (Frontal_Sup_R) in the aMCI group
SMN, and VN (Table 2, Figure 2). Lower FCs within DAN  compared to the naMCI group.
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TABLE 2 Brain regions with significant differences in connectivity within RSNs between the aMCl and naMCI groups.

ne?\:\?g:ks Brain regions Brodmann Peak T value
DAN Cuneus_L BA17 -3.9068 6 -72 33
DMN Precuneus_L BA31 -4.2063 -9 -54 18
Precuneus_R BA31 -4.3187 27 -63 30
FrontaLSupr BA9 4.0826 21 42 30
SMN Parietal_Inf R BA40 -5.2477 36 -39 42
SN Rolandic_Oper_L BA13 -3.8172 -36 -12 15

Initial threshold for voxel level p<0.001 (uncorrected), cluster level threshold p<0.05 (FWEc-corrected). fc, functional connectivity. negative t-values indicate brain regions with reduced
functional connectivity (FC) values, positive t-values indicate brain regions with enhanced functional connectivity (FC) values.

Cuneus L Frontal Sup R

FIGURE 2

FC differences within RSNs. aMCl and naMCI groups differed significantly within the 4 RSNs. DAN, Precuneus_L; DMN, Precuneus_L, Precuneus_R
and Frontal_Sup_R; SMN, Parietal_Inf_R; SN, Rolandic_Oper_L
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3.4 Differences between static FNC groups

In the FNC analysis, 3 connections were found to be
significantly altered. The aMCI group had significantly fewer
interactions in 2 RSN junctions (including the DMN-SN junction
and the DMN-DAN junction) compared with the naMCI group. In
addition, the FNC of SMN-SN interactions was increased in the
aMCI group compared with the naMCI group (Figure 3).

4 Correlation analysis

The mean z-scores of the five roi in the four RSNs were
significantly positively correlated with the cognitive assessment
scores, and there was a significant positive correlation between
Parietal_Inf R (IPL.R) and MMSE within the DMN (rs = 0.605,
P<0.001),Precuneus_L (PCUN.L) and MMSE within the DMN (rs
= 0.481, p = 0.002), and there was a significant positive correlation
between Precuneus_R (PCUN.R) within DMN and MMSE (rs =
0.333, p = 0.036), in addition, IPL.R within DMN was significantly
positively correlated with MoCA (rs = 0.605, p<0.001). There was a
significant positive correlation between IPL.R within DMN and
immediate memory (rs = 0.330, p=0.378), PCUN.L within DMN
and delayed memory (rs = 0.441, p=0.004), and PCUN.R within
DMN had a significant positive correlation with delayed memory
(rs=0.431, p=0.006) (Figures 4A-G), Furthermore Correlation
analysis of FNC coefficients (3 connections) with cognitive
assessment scores revealed that DAN-DMN connections were
0.373,
p=0.018), DMN-SN connections were significantly positively
correlated with MoCA (rs = 0.641, p<0.001), and SN-SMN
connections were significantly positively correlated with MoCA
(rs = 0.555, P<0.001). SN-SMN was significantly positively
correlated with immediate recall (rs = 0.431, P = 0.006), and SN-
SMN was significantly positively correlated with immediate recall
(rs = 0.369, P = 0.019) (Figures 5A-E).

significantly positively correlated with MoCA (rs

10.3389/fpsyt.2025.1722172

5 Discussion

To the best of our knowledge, this study is the first to use ICA
method to detect intra- and inter-network FC and its relationship
with cognitive functioning in aMCI patients compared to naMCI,
and thus to investigate the mechanism why aMCI is more likely to
progress to AD. In this study, different FCs were observed in several
cognitive-related networks in aMCI patients compared to naMCI
patients, i.e., DAN, DMN, SMN, and SN. Meanwhile, the FNC
analysis revealed that differences in inter-network FCs among the
three functionally connected networks appeared in aMCI patients,
i.e, DAN-DMN was relatively lower versus DMN-SN, and SN-
SMN was relatively higher.

The analysis of FC within the rsn focuses on the interaction of
multiple brain regions in a certain spatial pattern. In this study,
aMCI patients observed relatively low FC in Cuneus_L (CUN.L) in
the DAN. the DAN is a key neural system in the human brain for
purposeful and selective attention, which is essential for complex
cognitive activities and information processing. disruption of the
DAN is also a cause of memory impairment (19). And in DAN, the
severity of FC disconnection increases with the progression of AD
disease (20). CUN.L as a part of DAN plays an important role in
emotional processing, control of cognitive functioning and
behavior, its impairment is consistent with previous studies (21),
and Cuneus impairment has also been found to be significantly
associated with higher risk of AD (22).

The DMN, as the most widely studied brain network in the AD
process, is closely related to, among others, memory in higher
cognition (23, 24). As a major node in the DMN, Precuneus plays a
central role in cognitive control and executive functions (25), as
argued by the correlation between bilateral Precuneus and MMSE
in this paper, in addition to its significant association with delayed
memory, which has been widely confirmed (26, 27). A growing
body of evidence reveals a central role for Precuneus in AD (28, 29).
In particular, it is now relatively clear that functional connectivity
abnormalities in the Precuneus are central to the development of

FIGURE 3

Static FNC intergroup differences. (A) FNC correlation matrix (averaged across subjects); (B) significant between-group effects between patients and

controls; (C) 3 connections found to be significantly altered (P < 0.05)
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31
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11
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18
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25
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FIGURE 4

Correlation between mean z-scores and cognitive assessment scores for 5 ROIls in 5 RSNs of aMCl patients. (A) There was a significant positive
correlation between Parietal_Inf_R within DMN and MMSE (rs = 0.605, p<0.001); (B) There was a significant positive correlation between Precuneus_L
within DMN and MMSE (rs = 0.481, p = 0.002); (C) There was a significant positive correlation between Precuneus_R within DMN and MMSE (rs = 0.333,
p = 0.036); (D) Parietal_Inf_R within DMN was significantly positively correlated with MoCA (rs = 0.605, P<0.001). (E) Parietal_Inf_R within DMN was
significantly positively correlated with immediate memory (rs = 0.330, P = 0.378); (F) Precuneus_L within DMN was significantly positively correlated with
delayed memory (rs = 0.441, P = 0.004); (G) Precuneus_R within DMN was significantly positively correlated with delayed memory (rs = 0.431, P = 0.006).
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correlated with immediate memory (rs = 0.369, P = 0.019).

Correlation of differences between the 3 static FNC groups and cognitive assessment scores in aMCl patients. (A) DAN-DMN connections showed

a significant positive correlation with MoCA (rs = 0.373, P = 0.018); (B) DMN-SN connections showed a significant positive correlation with MoCA

(rs = 0.641, P<0.001); (C) SN-SMN connections showed a significant positive correlation with MoCA (rs = 0.555, P<0.001); (D) DMN -SN connections
were significantly positively correlated with immediate memory (rs = 0.431, P = 0.006); (E) SN-SMN connections were significantly positively

AD as pathology accumulates, and that even FC abnormalities may
precede the onset of symptoms (30), which is in line with the theory
that aMCI is prone to progress to AD.

Frontal_Sup_R (SFGdor.R) has been shown to be significantly
associated with both AD and dementia with Lewy bodies (31, 32),
and dementia with Lewy bodies is one of the main progression
targets of naMCI. And according to a previous study the right
prefrontal lobe where SFGdor.R is located in naMCI would be more
damaged than in aMCI (33), which inferred that the FC of
SFGdor.R is stronger in aMCI, which is consistent with our study.

The SMN consists primarily of visual, auditory, and
sensorimotor cortex. Previous studies have claimed that changes
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in sensory and motor function may precede cognitive symptoms of
AD and may increase the risk of AD (34). In addition, the SMN has
been suggested to be a commonly impaired network in the
prodromal stages of AD (35). The Inferior parietal gyrus is a
convergence zone for various brain networks, and is critical for
the realization of hierarchically distinct neuroprocessing structures
critical to cognition. This includes low-level processes, such as
spatial attention, as well as significantly more complex high-level
processes, such as semantic memory and social exchange patterns
(36), and its importance with cognition is also reflected by the
significant positive correlation of IPL.R with the MMSE and the
MoCA. Cheng et al. (37) found that IPL.R was associated with
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poorer performance in Immediate recollection, which significantly
identified aMCI, and the present study corroborated its association
with relationship with Immediate memory. Furthermore, IPL.R is
more impaired as MCI progresses to AD (38).

The SN is a large-scale limbic network that co-activates signals
required for behavioral change. The SN has been described as a
task-positive network that activates corresponding regions during
cognitive task performance, and disruption of functional
connectivity in the SN has also been suggested to be a significant
hallmark of preclinical AD (39). The Rolandic operculum includes
sensory, motivational, autonomic, cognitive processing, and
language, with impairments primarily related to language deficits
(40, 41). Several previous studies have corroborated the attenuation
of language functioning in aMCI (42-44), and although naMCI also
exhibits impairments in language functioning, aMCI performs
worse than naMCI, especially in semantic fluency and language
comprehension tasks (3). The above may serve as a reason why
aMCI has poorer Rolandic_Oper_L (ROL.L) FC connections
than naMCIL.

Regarding biomarkers in these brain regions, although PET
studies in AD clinical research have yet to yield consistent
conclusions due to resolution and sensitivity limitations, they still
provide some reference value. In this study, the differentially affected
brain areas primarily concentrated in the frontal and parietal lobes.
First, reduced glucose metabolism in the parietal and frontal lobes
serves as a hallmark of AD (45). Additionally, non-invasive imaging
of cerebral amyloid-f} serves as one marker for AD. Previous amyloid
PET studies have demonstrated that the frontal and parietal lobes in
AD also exhibit high binding affinity for amyloid-B (46, 47). These
PET studies using various tracers provide limited pathological
evidence for AD progression in these brain regions.

Previous evidence suggests that rsn are not independent and
have complex interactions (48). weaker FC between DMN, DAN
and SN versus stronger FC between SN, SMN suggests balance and
regulation between these networks. According to previous studies
connectivity barriers between DMN and DAN may be a potential
predictor of AD progression (49, 50). In contrast, the connectivity
between DMN and SN integrates key networks involved in the
detection of internal mental states and associated external stimuli,
thereby influencing cognitive processes such as attention, memory
retrieval, and decision making (51). Based on previous evidence of
DMN-SN network disruption in AD with aMCI (52-54), FC
disconnection between the DMN and SN may also be associated
with disease progression (55). Furthermore, the reasons for stronger
SN-SMN in aMCI were not revealed in previous studies, but SN-
SMN was found to show positive correlations with cognitive
functioning, especially working memory (56, 57), which is in line
with the results of the correlation between MoCA scores and
Immediate memory in this paper. The reason for the emergence
of stronger in aMCI may be because in the early stages of the
pathological process, aMCI patients still have the ability to allocate
additional cognitive resources to compensate for varying degrees of
cognitive deficits (58). This may imply that these network
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inhibitions or network imbalances are possible mechanisms by
which aMCI is more likely to progress to AD than naMCI.

In addition to FNC changes, DAN-DMN, DMN-SN, and SN-
SMN exhibited positive correlations with MoCA, showing their
connection to cognition. In addition, we found a positive
correlation between DMN-SN connectivity and SN-SMN
connectivity and Immediate memory, suggesting that the
decoupling between DMN-SN and the enhancement between SN-
SMN may be related to the self-regulation of Immediate memory
in aMCIL.

6 Limitations and future directions

Our study has several limitations. First, it is a preliminary cross-
sectional comparison of functional connectivity between aMCI and
naMCI with a relatively small sample, which limits causal inference
about why aMCI cases more frequently convert to Alzheimer’s
disease; larger, longitudinal cohorts are required to clarify
prognostic relationships. Second, the present analysis considered
a restricted set of networks; other systems not included here—such
as the cerebellar network, auditory network, and limbic circuitry—
might also contribute substantially to the pathophysiology of
cognitive decline in aMCI. Third, although ICA is valuable for
delineating spatially independent networks, it does not provide
information on the directionality of inter-network interactions;
future work using methods capable of estimating effective
connectivity will be necessary to determine causal influences
among networks in aMCI versus naMCI. In addition,
conventional resting-state FC captures averaged coupling and is
insensitive to rapid temporal fluctuations within network dynamics;
therefore, dynamic FNC approaches represent an important avenue
for subsequent investigations. Finally, in the absence of pathological
or clinical control groups (such as vascular cognitive impairment),
we explicitly acknowledge the limitations of inferring
disease specificity.

7 Conclude

In conclusion, the present study demonstrates that aMCI
contrasts naMCI with widespread intra- and inter-static FNC
differences, mainly involving the DMN, DAN, SMN, and SN.
these network interactions provide a powerful method for
assessing and predicting why aMCI is more prone to progressing
to AD, and contribute to our understanding of the neurological
mechanisms underlying the pathological process of AD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1722172
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li et al.

Ethics statement

The studies involving humans were approved by Ethics
Committee of the First Hospital Affiliated to Heilongjiang
University of Traditional Chinese Medicine. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

W-QL: Writing - original draft. ZF: Conceptualization, Writing —
review & editing, Investigation. BC: Writing — review & editing,
Software, Data curation. QS: Writing — review & editing, Supervision,
Methodology. MY: Project administration, Writing — review &
editing, Formal Analysis. XL: Writing - review & editing,
Validation. HZ: Resources, Writing - review & editing. XB:
Writing - review & editing, Visualization. FW: Writing — review &
editing, Funding acquisition.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by the

References

1. Velayudhan L. Relationship between neuropsychiatric symptoms, cognition, and
neuroimaging in mild cognitive impairment: are we there yet? Int Psychogeriatr. (2023)
35:595-7. doi: 10.1017/s1041610223000182

2. McGirr A, Nathan S, Ghahremani M, Gill S, Smith EE, Ismail Z. Progression to
dementia or reversion to normal cognition in mild cognitive impairment as a function
of late-onset neuropsychiatric symptoms. Neurology. (2022) 98:¢2132-¢9. doi: 10.1212/
'WNL.0000000000200256

3. Liampas I, Folia V, Morfakidou R, Siokas V, Yannakoulia M, Sakka P, et al.
Language differences among individuals with normal cognition, amnestic and non-
amnestic mci, and alzheimer’s disease. Arch Clin Neuropsychol. (2023) 38:525-36.
doi: 10.1093/arclin/acac080

4. Biswal B, Yetkin FZ, Haughton VM, Hyde JS. Functional connectivity in the
motor cortex of resting human brain using echo-planar mri. Magn Reson Med. (1995)
34:537-41. doi: 10.1002/mrm.1910340409

5. Geerligs L, Renken RJ, Saliasi E, Maurits NM, Lorist MM. A brain-wide study of age-related
changes in functional connectivity. Cereb Cortex. (2015) 25:1987-99. doi: 10.1093/cercor/bhu012

6. Lv H, Wang Z, Tong E, Williams LM, Zaharchuk G, Zeineh M, et al. Resting-state
functional mri: everything that nonexperts have always wanted to know. AJNR Am |
Neuroradiol. (2018) 39:1390-9. doi: 10.3174/ajnr.A5527

7. De Luca M, Beckmann CF, De Stefano N, Matthews PM, Smith SM. Fmri resting
state networks define distinct modes of long-distance interactions in the human brain.
Neuroimage. (2006) 29:1359-67. doi: 10.1016/j.neuroimage.2005.08.035

8. Jafri MJ, Pearlson GD, Stevens M, Calhoun VD. A method for functional network
connectivity among spatially independent resting-state components in schizophrenia.
Neuroimage. (2008) 39:1666-81. doi: 10.1016/j.neuroimage.2007.11.001

9. Nie Y, Chu C, Qin Q, Shen H, Wen L, Tang Y, et al. Lipid metabolism and
oxidative stress in patients with alzheimer’s disease and amnestic mild cognitive
impairment. Brain Pathol. (2024) 34:e13202. doi: 10.1111/bpa.13202

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1722172

Natural Science Foundation of Heilongjiang Province [Grant
No. LH2023H065].

Conflict of interest

The authors declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Eraslan Boz H, Kogoglu K, Akkoyun M, Tiifekci IY, Ekin M, Akdal G. Visual
search in alzheimer’s disease and amnestic mild cognitive impairment: an eye-tracking
study. Alzheimer’s Dementia. (2024) 20:759-68. doi: 10.1002/alz.13478

11. Bruus AE, Waldemar G, Vogel A. Impairment of episodic-specific
autobiographical memory in individuals with subjective cognitive decline and in
patients with prodromal or mild alzheimer’s disease. J Alzheimers Dis. (2021)
84:1485-96. doi: 10.3233/jad-215113

12. Ni X, Wu F, Song J, An L, Jiang Q, Bai T, et al. Chinese expert consensus on
assessment of cognitive impairment in the elderly. Aging Med (Milton). (2022) 5:154-
66. doi: 10.1002/agm2.12222

13. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med.
(2004) 256:183-94. doi: 10.1111/j.1365-2796.2004.01388.x

14. Wang B, Guo QH, Chen MR, Zhao QH, Zhou Y, Hong Z. The clinical
characteristics of 2,789 consecutive patients in a memory clinic in China. J Clin
Neurosci. (2011) 18:1473-7. doi: 10.1016/j.jocn.2011.05.003

15. LuJ, Li D, Li F, Zhou A, Wang F, Zuo X, et al. Montreal cognitive assessment in
detecting cognitive impairment in Chinese elderly individuals: A population-based
study. J Geriatr Psychiatry Neurol. (2011) 24:184-90. doi: 10.1177/0891988711422528

16. Cai S, Chong T, Peng Y, Shen W, Li ], von Deneen KM, et al. Altered functional
brain networks in amnestic mild cognitive impairment: A resting-state fmri study.
Brain Imaging Behav. (2017) 11:619-31. doi: 10.1007/s11682-016-9539-0

17. Li X, Wang F, Liu X, Cao D, Cai L, Jiang X, et al. Changes in brain function
networks in patients with amnestic mild cognitive impairment: A resting-state fmri
study. Front Neurol. (2020) 11:554032. doi: 10.3389/fneur.2020.554032

18. Wu H, Song Y, Chen S, Ge H, Yan Z, Qi W, et al. An activation likelihood
estimation meta-analysis of specific functional alterations in dorsal attention network
in mild cognitive impairment. Front Neurosci. (2022) 16:876568. doi: 10.3389/
fnins.2022.876568

frontiersin.org


https://doi.org/10.1017/s1041610223000182
https://doi.org/10.1212/WNL.0000000000200256
https://doi.org/10.1212/WNL.0000000000200256
https://doi.org/10.1093/arclin/acac080
https://doi.org/10.1002/mrm.1910340409
https://doi.org/10.1093/cercor/bhu012
https://doi.org/10.3174/ajnr.A5527
https://doi.org/10.1016/j.neuroimage.2005.08.035
https://doi.org/10.1016/j.neuroimage.2007.11.001
https://doi.org/10.1111/bpa.13202
https://doi.org/10.1002/alz.13478
https://doi.org/10.3233/jad-215113
https://doi.org/10.1002/agm2.12222
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1016/j.jocn.2011.05.003
https://doi.org/10.1177/0891988711422528
https://doi.org/10.1007/s11682-016-9539-0
https://doi.org/10.3389/fneur.2020.554032
https://doi.org/10.3389/fnins.2022.876568
https://doi.org/10.3389/fnins.2022.876568
https://doi.org/10.3389/fpsyt.2025.1722172
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li et al.

19. Veldsman M, Zamboni G, Butler C, Ahmed S. Attention network dysfunction
underlies memory impairment in posterior cortical atrophy. NeuroImage: Clin. (2019)
22:101773. doi: 10.1016/j.nicl.2019.101773

20. Zhang Z, Zheng H, Liang K, Wang H, Kong S, Hu J, et al. Functional
degeneration in dorsal and ventral attention systems in amnestic mild cognitive
impairment and alzheimer’s disease: an fmri study. Neurosci Lett. (2015) 585:160-5.
doi: 10.1016/j.neulet.2014.11.050

21. Sheng C, Xia M, Yu H, Huang Y, Lu Y, Liu F, et al. Abnormal global functional
network connectivity and its relationship to medial temporal atrophy in patients with
amnestic mild cognitive impairment. PloS One. (2017) 12:e0179823. doi: 10.1371/
journal.pone.0179823

22. Wu B-S, Zhang Y-R, Li H-Q, Kuo K, Chen S-D, Dong Q, et al. Cortical structure
and the risk for alzheimer’s disease: A bidirectional mendelian randomization study.
Trans Psychiatry. (2021) 11:476. doi: 10.1038/s41398-021-01599-x

23. Sun F, Cui D, Jiao Q, Niu J, Zhang X, Shi Y, et al. The co-activation pattern
between the dmn and other brain networks affects the cognition of older adults:
evidence from naturalistic stimulation fmri data. Cereb Cortex. (2024) 34:bhad466.
doi: 10.1093/cercor/bhad466

24. Zhao P, Wang X, Wang Q, Yan R, Chattun MR, Yao Z, et al. Altered fractional
amplitude of low-frequency fluctuations in the superior temporal gyrus: A resting-state
fmri study in anxious depression. BMC Psychiatry. (2023) 23:847. doi: 10.1186/512888-
023-05364-w

25. Yeager BE, Bruss J, Duffau H, Herbet G, Hwang K, Tranel D, et al. Central
precuneus lesions are associated with impaired executive function. Brain Struct Funct.
(2022) 227:3099-108. doi: 10.1007/s00429-022-02556-0

26. Schott BH, Wiistenberg T, Liicke E, Pohl IM, Richter A, Seidenbecher CI, et al.
Gradual acquisition of visuospatial associative memory representations via the dorsal
precuneus. Hum Brain Mapp. (2019) 40:1554-70. doi: 10.1002/hbm.24467

27. Hebscher M, Ibrahim C, Gilboa A. Precuneus stimulation alters the neural
dynamics of autobiographical memory retrieval. Neuroimage. (2020) 210:116575.
doi: 10.1016/j.neuroimage.2020.116575

28. Kircher TT, Weis S, Freymann K, Erb M, Jessen F, Grodd W, et al. Hippocampal
activation in patients with mild cognitive impairment is necessary for successful
memory encoding. J Neurol Neurosurg Psychiatry. (2007) 78:812-8. doi: 10.1136/
jnnp.2006.104877

29. Billette OV, Ziegler G, Aruci M, Schiitze H, Kizilirmak JM, Richter A, et al.
Novelty-related fmri responses of precuneus and medial temporal regions in
individuals at risk for alzheimer disease. Neurology. (2022) 99:e775-¢88.
doi: 10.1212/wnl.0000000000200667

30. Klunk WE, Engler H, Nordberg A, Wang Y, Blomqvist G, Holt DP, et al. Imaging
brain amyloid in alzheimer’s disease with pittsburgh compound-B. Ann Neurol. (2004)
55:306-19. doi: 10.1002/ana.20009

31. Howlett DR, Whitfield D, Johnson M, Attems J, O’Brien JT, Aarsland D, et al.
Regional multiple pathology scores are associated with cognitive decline in L ewy body
dementias. Brain Pathol. (2015) 25:401-8. doi: 10.1111/bpa.12182

32. Vallortigara J, Rangarajan S, Whitfield D, Alghamdi A, Howlett D, Hortobagyi
T, et al. Dynaminl concentration in the prefrontal cortex is associated with cognitive
impairment in lewy body dementia. F1000Research. (2014) 3:108. doi: 10.12688/
f1000research.3786.1

33. Coutinho AM, Porto FH, Duran FL, Prando S, Ono CR, Feitosa EA, et al. Brain
metabolism and cerebrospinal fluid biomarkers profile of non-amnestic mild cognitive
impairment in comparison to amnestic mild cognitive impairment and normal older
subjects. Alzheimers Res Ther. (2015) 7:58. doi: 10.1186/s13195-015-0143-0

34. Albers MW, Gilmore GC, Kaye J, Murphy C, Wingfield A, Bennett DA, et al. At
the interface of sensory and motor dysfunctions and alzheimer’s disease. Alzheimers
Dement. (2015) 11:70-98. doi: 10.1016/j.jalz.2014.04.514

35. Chen J, Shu H, Wang Z, Zhan Y, Liu D, Liu Y, et al. Intrinsic connectivity
identifies the sensory-motor network as a main cross-network between remitted late-
life depression-and amnestic mild cognitive impairment-targeted networks. Brain
Imaging Behav. (2020) 14:1130-42. doi: 10.1007/s11682-019-00098-4

36. Numssen O, Bzdok D, Hartwigsen G. Functional Specialization within the
Inferior Parietal Lobes across Cognitive Domains. elife. (2021) 10:e63591.
doi: 10.7554/eLife.63591

37. Cheng C-H, Hsiao F-J, Hsieh Y-W, Wang P-N. Dysfunction of inferior parietal
lobule during sensory gating in patients with amnestic mild cognitive impairment.
Front Aging Neurosci. (2020) 12:39. doi: 10.3389/fnagi.2020.00039

Frontiers in Psychiatry

12

10.3389/fpsyt.2025.1722172

38. Greene SJ, Killiany R], Initiative AsDN. Subregions of the inferior parietal lobule
are affected in the progression to alzheimer’s disease. Neurobiol Aging. (2010) 31:1304—
11. doi: 10.1016/j.neurobiolaging.2010.04.026

39. Cai C, Huang C, Yang C, Lu H, Hong X, Ren F, et al. Altered patterns of
functional connectivity and causal connectivity in salience subnetwork of subjective
cognitive decline and amnestic mild cognitive impairment. Front Neurosci. (2020)
14:288. doi: 10.3389/fnins.2020.00288

40. Triarhou LC. Cytoarchitectonics of the rolandic operculum: morphofunctional
ponderings. Brain Struct Funct. (2021) 226:941-50. doi: 10.1007/s00429-021-02258-z

41. Brown S, Ingham RJ, Ingham JC, Laird AR, Fox PT. Stuttered and fluent speech
production: an ale meta-analysis of functional neuroimaging studies. Hum Brain Mapp.
(2005) 25:105-17. doi: 10.1002/hbm.20140

42. Sherman JC, Henderson CRJr., Flynn S, Gair JW, Lust B. Language decline
characterizes amnestic mild cognitive impairment independent of cognitive decline. J
Speech Lang Hear Res. (2021) 64:4287-307. doi: 10.1044/2021_JSLHR-20-00503

43. Kim BS, Kim YB, Kim H. Discourse measures to differentiate between mild
cognitive impairment and healthy aging. Front Aging Neurosci. (2019) 11:221.
doi: 10.3389/fnagi.2019.00221

44. Chasles MJ, Tremblay A, Escudier F, Lajeunesse A, Benoit S, Langlois R, et al. An
examination of semantic impairment in amnestic mci and ad: what can we learn from
verbal fluency? Arch Clin Neuropsychol. (2019) 35:22-30. doi: 10.1093/arclin/acz018

45. Mosconi L. Brain glucose metabolism in the early and specific diagnosis of
alzheimer’s disease: fdg-pet studies in mci and ad. Eur ] Nucl Med Mol Imaging. (2005)
32:486-510. doi: 10.1007/500259-005-1762-7

46. Ahullo-Fuster MA, Ortiz T, Varela-Donoso E, Nacher J, Sanchez-Sanchez ML.
The parietal lobe in alzheimer’s disease and blindness. J Alzheimer’s Dis. (2022)
89:1193-202. doi: 10.3233/JAD-220498

47. Maya Y, Okumura Y, Kobayashi R, Onishi T, Shoyama Y, Barret O, et al.
Preclinical properties and human in vivo assessment of 123i-abc577 as a novel spect
agent for imaging amyloid-B. Brain. (2016) 139:193-203. doi: 10.1093/brain/awv305

48. Smith SM, Nichols TE, Vidaurre D, Winkler AM, Behrens TE, Glasser MF, et al.
A positive-negative mode of population covariation links brain connectivity,
demographics and behavior. Nat Neurosci. (2015) 18:1565-7. doi: 10.1038/nn.4125

49. Wang P, Zhou B, Yao H, Zhan Y, Zhang Z, Cui Y, et al. Aberrant intra- and
inter-network connectivity architectures in alzheimer’s disease and mild cognitive
impairment. Sci Rep. (2015) 5:14824. doi: 10.1038/srep14824

50. Zhu H, Zhou P, Alcauter S, Chen Y, Cao H, Tian M, et al. Changes of
intranetwork and internetwork functional connectivity in alzheimer’s disease and
mild cognitive impairment. ] Neural Eng. (2016) 13:46008. doi: 10.1088/1741-2560/
13/4/046008

51. Schimmelpfennig J, Topczewski ], Zajkowski W, Jankowiak-Siuda K. The role of
the salience network in cognitive and affective deficits. Front Hum Neurosci. (2023)
17:1133367. doi: 10.3389/fnhum.2023.1133367

52. Zhou J, Greicius MD, Gennatas ED, Growdon ME, Jang JY, Rabinovici GD, et al.
Divergent network connectivity changes in behavioural variant frontotemporal dementia
and alzheimer’s disease. Brain. (2010) 133:1352-67. doi: 10.1093/brain/awq075

53. Zhou J, Seeley WW. Network dysfunction in alzheimer’s disease and
frontotemporal dementia: implications for psychiatry. Biol Psychiatry. (2014) 75:565—
73. doi: 10.1016/j.biopsych.2014.01.020

54. Bai F, Shi Y, Yuan Y, Wang Y, Yue C, Teng Y, et al. Altered self-referential
network in resting-state amnestic type mild cognitive impairment. Cortex. (2012)
48:604-13. doi: 10.1016/j.cortex.2011.02.011

55. He X, Qin W, Liu Y, Zhang X, Duan Y, Song J, et al. Abnormal salience network
in normal aging and in amnestic mild cognitive impairment and alzheimer’s disease.
Hum Brain Mapp. (2014) 35:3446-64. doi: 10.1002/hbm.22414

56. Rong B, Huang H, Gao G, Sun L, Zhou Y, Xiao L, et al. Widespread intra-and
inter-network dysconnectivity among large-scale resting state networks in
schizophrenia. J Clin Med. (2023) 12:3176. doi: 10.3390/jcm12093176

57. Sanchez-Cubillo 1, Periafiez JA, Adrover-Roig D, Rodriguez-Sanchez JM, Rios-
Lago M, Tirapu J, et al. Construct validity of the trail making test: role of task-switching,
working memory, inhibition/interference control, and visuomotor abilities. J Int
Neuropsychol Soc. (2009) 15:438-50. doi: 10.1017/s1355617709090626

58. WangJ, Liu J, Wang Z, Sun P, Li K, Liang P. Dysfunctional interactions between
the default mode network and the dorsal attention network in subtypes of amnestic
mild cognitive impairment. Aging. (2019) 11:9147. doi: 10.18632/aging.102380

frontiersin.org


https://doi.org/10.1016/j.nicl.2019.101773
https://doi.org/10.1016/j.neulet.2014.11.050
https://doi.org/10.1371/journal.pone.0179823
https://doi.org/10.1371/journal.pone.0179823
https://doi.org/10.1038/s41398-021-01599-x
https://doi.org/10.1093/cercor/bhad466
https://doi.org/10.1186/s12888-023-05364-w
https://doi.org/10.1186/s12888-023-05364-w
https://doi.org/10.1007/s00429-022-02556-0
https://doi.org/10.1002/hbm.24467
https://doi.org/10.1016/j.neuroimage.2020.116575
https://doi.org/10.1136/jnnp.2006.104877
https://doi.org/10.1136/jnnp.2006.104877
https://doi.org/10.1212/wnl.0000000000200667
https://doi.org/10.1002/ana.20009
https://doi.org/10.1111/bpa.12182
https://doi.org/10.12688/f1000research.3786.1
https://doi.org/10.12688/f1000research.3786.1
https://doi.org/10.1186/s13195-015-0143-0
https://doi.org/10.1016/j.jalz.2014.04.514
https://doi.org/10.1007/s11682-019-00098-4
https://doi.org/10.7554/eLife.63591
https://doi.org/10.3389/fnagi.2020.00039
https://doi.org/10.1016/j.neurobiolaging.2010.04.026
https://doi.org/10.3389/fnins.2020.00288
https://doi.org/10.1007/s00429-021-02258-z
https://doi.org/10.1002/hbm.20140
https://doi.org/10.1044/2021_JSLHR-20-00503
https://doi.org/10.3389/fnagi.2019.00221
https://doi.org/10.1093/arclin/acz018
https://doi.org/10.1007/s00259-005-1762-7
https://doi.org/10.3233/JAD-220498
https://doi.org/10.1093/brain/awv305
https://doi.org/10.1038/nn.4125
https://doi.org/10.1038/srep14824
https://doi.org/10.1088/1741-2560/13/4/046008
https://doi.org/10.1088/1741-2560/13/4/046008
https://doi.org/10.3389/fnhum.2023.1133367
https://doi.org/10.1093/brain/awq075
https://doi.org/10.1016/j.biopsych.2014.01.020
https://doi.org/10.1016/j.cortex.2011.02.011
https://doi.org/10.1002/hbm.22414
https://doi.org/10.3390/jcm12093176
https://doi.org/10.1017/s1355617709090626
https://doi.org/10.18632/aging.102380
https://doi.org/10.3389/fpsyt.2025.1722172
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Specificity of functional network connectivity during the AD prodromal phase in mild cognitive impairment
	1 Introduction
	2 Information and methods
	2.1 Study population
	2.2 Image data acquisition and pre-processing
	2.3 Neuropsychological assessment
	2.4 ICA operations
	2.5 Internal RSN analysis
	2.6 Static FNC analysis between RSNs
	2.7 Correlation analysis
	2.8 Statistical analysis

	3 Results
	3.1 Participants and clinical data
	3.2 ICA and component selection
	3.3 Group FC differences within RSNs
	3.4 Differences between static FNC groups

	4 Correlation analysis
	5 Discussion
	6 Limitations and future directions
	7 Conclude
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


